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CE CONCURRENT ENGINEERING: Research and Applications
VisionManager: A Computer Environment for Design Evolution Capture
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Abstract: Computer-based design evolution capture in a multi-disciplinary project environment remains a difficult problem. This paper de-
scribes VisionManager, a prototype for design evolution capture, visualization, and reuse in support of multi-disciplinary collaborative team-
work Based on our research experience, our hypothesis is that one of the key factors in reducing life-cycle cost is improved communica-
tion, coordination and cooperation among team members. VisionManager accommodates and integrates many perspectives within a design
and manufacturing enterprise It allows team members to: (1) augment shared graphic design models with the team members’ design in-
tents, interests, and responsibilities, (2) capture versions at different levels of granularity, such as, feature, discipline perspective, and proj-
ect level, (3) create private, public, and consensus versions in a hierarchical archive, (4) infer shared interests and route change notifica-
tions with regard to a modified feature or perspective, (5) visualize the design evolution of features, discipline perspectives, and the overall
project based on captured semantics, and (6) reuse previous alternatives VisionManager is distinguished from the state-of-the-art file-
based document management systems and proposes a model-based and content-based approach for design evolution capture, visualiza-
tion, and reuse.

1. Introduction

In many design and manufacturing enterprises, product
development and process management is done by large geo-
graphically distributed multi-disciplinary teams (e.g., engi-
neering, marketing, manufacturing, financing, etc.). Past

decades have seen revolutionary increases in the complexity
of products and the power of tools used to describe and ana-
lyze them. To date, product documentation tools (PDMs) of-
fer a file-based approach to archive, access, and retrieve de-
sign evolution. This off loads organizational and tracking
duties from the designer, but their focus is still on the files,
not on the design and its semantic content. Referencing a spe-
cific design version in such documentation systems means
referencing a specific file or group of files. Time-stamps,
filenames, and directory hierarchies provide document or-
ganization, but provide limited information about the file
contents. The limitations inherent in these tools actually limit
the quality and performance of the products they describe,
while adding to their cost and time to market.

This paper describes a model-based and content-based ap-

proach of Vision Manager to capture, visualize and reuse
both the design product (i.e., the graphic models of the arti-
fact) and the design process (i.e., the evolution of explored
designs and the corresponding reasons for the decisions).
Our hypothesis is that one of the key factors in reducing

whom correspondence should be addressed.

life-cycle cost is improved communication, coordination and
cooperation among members in a multi-disciplinary team. We
conjecture that design and knowledge capture, representation,
sharing, reasoning and re-use is far less costly than the re-
invention of comparable design and/or knowledge. Our objec-
tives in developing the VisionManager prototype are to:

. improve the quality of the product and the process

. reduce time consuming and error prone efforts to capture
access, share and visualize product model alternatives, in-
formation, knowledge, design intents and decisions

throughout the project evolution

VisionManager allows the designer to view and access different
portions of the design based on semantic and contextual content
without having to worry about which file contained which de-
sign version at what time. Other important issues in computer
support for multi-disciplinary design, such as constraint man-
agement, multiple graphic representations (Coyne, 1990), and
design synthesis, are not addressed in this research.
We have observed over the past six years more than a

dozen multidisciplinary teams at work. We studied the tradi-
tional teamwork activities and the current project informa-
tion development and management process. Our observa-
tions indicate that:

· Team members develop their solutions independently, as
they work on discipline alternatives (e.g., electrical, me-
chanical systems), as well as collaboratively, as they inte-
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grate the discipline systems and negotiate consensus solu-
tions.

~ Each team member develops multiple alternatives. Cur-
rent alternatives overwrite old solutions. Team members
inform each other about proposed changes using diverse
media, e.g., email, memos, faxed notes, telephone conver-
sations. Evolution of discipline solutions and interactions
among professionals are hard to document and track.

~ Unsatisfactory changes prompt team members to backtrack
to earlier solutions, which many times have to be recreated.

~ Different discipline solutions interact with each other.
The process of identifying shared interests is ad-hoc and
based on participants’ imperfect memories. This error-
prone and time-consuming process rapidly leads to incon-
sistencies and conflicts.

~ Meetings are usually the forums in which inconsistencies
are detected and resolved before the project can progress.

~ Individual notebooks record background information and
results of reasoning and calculations. Notebooks are pri-
vate documents and are not shared with the team.

~ Memos are generated by computers but handled as paper
documents, distributed to selective team members, and
filed. Paper memos can not be easily updated and are hard
to retrieve.

~ Graphics and other data, indexed by drawing number and
date are generally hard to recover and in their paper form
laborious to annotate and update.

~ Documentation, in the form of successive approved ver-
sions under configuration control often is filed as signed
off paper documents.

~ Project documents that are captured in heterogeneous me-
dia preclude team members and clients to have a global
project memory that they can access, visualize and navi-
gate through.

1.1 Cycles of Design Evolution Capture

Based on our observation of multi-disciplinary design
teams at work and on evidence presented in design theory lit-
erature (Asimov, 1962; Schoen, 1983) we view design as:
~ a social activity in which professionals in a multi-

disciplinary team propose alternatives, and interact to ne-
gotiate a consensus solution.

~ an exploratory activity in which ambiguity is maintained in
alternative solutions until individual professionals and the
team commit to one or more particular solution(s).
Throughout this iterative process, design modifications are
necessary to address industry specifications and change or-
ders. A modification may be considered too minor to be

worthy of documentation. Consequently only the person
who performed this modification may be aware of it. Fur-
thermore, the consequences of modifications may not have
been thoroughly considered. One way to avoid ill-advised
modifications is to capture rationale in change notifica-
tions, linked with the product model, identify shared inter-
est and inform team members in a timely fashion.

Figure 1. VisionManager supports asynchronous collaborative de-
sign cycles

· a re-design activity in which designers recreate or revisit
previous proposals or ideas. A deeper understanding of the
original design will reduce the chances of dangerous
modifications when it is redesigned.
We model the design evolution capture in collaborative

teamwork as an iterative transition among two communica-
tion cycles:
1. An asynchronous collaboration cycle, in which team

members work independently at concurrent or different
times on discipline subsystems. This cycle consists of a
design loop and a version loop (Figure 1). In the design
loop, the team member proposes a graphic model of a dis-
cipline subsystem, interprets the graphic model by anno-
tating its features with semantic meaning and creating se-
mantic models, critiques the proposed alternative, and
saves the model as a private version. In the version loop,
the designer detects shared cross-disciplinary interests in
parts of the subassembly captured in the private version,
sends notifications regarding these subassembly parts to
the interested team members, and saves the private ver-
sion as a public version. The public version can be ac-
cessed by the rest of the team.

2. A synchronous collaboration cycle occurs in face-to-face
meetings. In this cycle team members consider the public
versions they created, define the overall design of the fu-
ture device, negotiate design modifications and cross-
disciplinary conflicts to achieve consensus, and archive a
consensus version. As the team members try to resolve

conflicts, they re-enter the asynchronous cycle and pro-
pose new public versions (Figure 2).

Figure 2. VisionManager supports synchronous collaborative de-
sign cycles.
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The creation of private, public, and consensus versions
emulates the observed behavior, process, and products of
team members who transition from independent to collabora-
tive work. These private, public and consensus versions are
stored in a hierarchical archive that defines the explored de-
sign space.

2. Vision Manager Prototype

We developed the VisionManager prototype to test our
formalization and explore VisionManager’s use in asynchro-
nous and synchronous collaboration cycles. VisionManager
is implemented using: AutoCAD** as the geometric model-
ing environment, the Illustra Serveri (an object-relational
DBMS) for storing the product models, and Internet email
for routing notifications. VisionManager builds on the mod-
eling capabilities provided by our Semantic Modeling Exten-
sion (SME) to AutoCAD (Clayton, 1994). SME is accessed
from within AutoCAD using an additional pulldown menu.
VisionManager is implemented using AutoLISP, DCL, C,
and SQL statements. VisionManager is developed on SUN
workstations and SME currently runs on UNIX, PC, and
Macintosh§ computers.

2.1. Scenario

The following mechatronic system design scenario illus-
trates the concepts behind VisionManager. The mechatronic
device chosen for our test case is a real project performed by
a team of mechanical engineering students in the Design and
Manufacturing Program of the Mechanical Engineering De-
partment at Stanford. The goal of the project was to design
and build an automobile door latch system that combines the
function of latch, power lock and cinching into a single as-
sembly. The project was proposed and sponsored by General
Motors Corp.
The scenario begins with the team proposing a schematic

solution, which includes the different subsystems of the door
latch system and their interactions. The solution consists of
four assemblies, which must be integrated with the existing
automobile door and forkbolt (Figure 3). The Sensors subas-
sembly will detect the door position and state of the locking
system. The Logic Circuits subassembly will receive the sen-
sor data, process it to determine the desired actions, and con-
trol the actuators. The Actuators subassembly provides
power to the drive mechanisms. The Mechanisms subassem-

bly then moves the Forkbolt to either lock or cinch the Door.
The design progresses in an iterative mode through:

. propose design alternatives in a shared graphic model

. interpret the shared product model into semantic disci-
pline models

**AutocAD is a trademark of Autodesk, Inc
tthe Illustra Server is a trademark of Illustra Information Technologies, Inc
$SL1N is a trademark of SUN Microsystems, Inc
§Macintosh is a trademark of Macmtosh, Inc

~ gather networked information by using the discipline
models to customize their search for additional discipline
information

~ analyze and evaluate the discipline models to derive be-
havior and compare it to function

. explain the results to other members of the team
· route change notifications for proposed changes
· capture and visualize design evolution that integrates the
many perspectives within a design and manufacturing en-
terprise

Gathering network information, analyzing and evaluating
designs using networked services and explaining evaluation
results are beyond the scope of this discussion. These tasks
and the tools supporting them have been presented in a previ-
ous paper (Fruchter and Reiner, 1995).

2.1.1 I THE DESIGN TEAM
The project team is comprised of individuals or sub-teams,

referred to as Groups, which are responsible for different as-
pects of the design. In this scenario, the team has two groups:
electrical engineering (EE) and mechanical engineering
(ME). It is the responsibility of the groups, or individual de-
signers within the groups, to specify the appropriate tech-
nologies that will complete their discipline design solutions.
Each group will define their area of:

· responsibility, the subsystems for which they propose de-
sign alternatives

· interest, the subsystems whose changes may affect their
design proposals

Figure 3 illustrates the ME and EE groups’ responsibilities
and interests, as well as shared interests between the two
groups.

The electrical group’s device detects the state of the auto-
mobile door and controls the actuators to drive the cinching
mechanism. The electrical group is responsible for the Sen-
sors, Logic Circuit, and Actuators subassemblies (Figure 3).
In addition, they are interested in the Forkbolt and Door. For
example, they are interested in the Forkbolt specifications
because the Sensor system must be integrated with the fork-
bolt. If the forkbolt design changes, it will affect the sensor
configuration.

The mechanical group’s device must transfer the actuator
output to the forkbolt. The mechanical group is responsible
for the Mechanisms subassembly that links the actuators to
the forkbolt (Figure 3). In addition to this subassembly, they
are interested in the Actuators, Forkbolt and Door. For ex-

ample, they are interested in the Door because it imposes
spatial constraints on the mechanism design.

2.1.2 THE DESIGN MODELS

VisionManager promotes an object-oriented approach to
modeling and annotating the device models. The Vision-
Manager modeling tools are flexible and allow the designers
to organize their models along any line: departmental, area of
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Figure 3. Design schematic showing responsibilities and areas of shared interest.

specialty, or product systems. In this scenario, the team has
divided the design into three different model types: an over-
all product model, two assembly models, and several subas-
sembly models.

The product model is comprised of the electrical and me-
chanical groups’ assembly models (Figure 4). An assembly
model is composed of the systems or subassemblies for
which the group is responsible. The electrical assembly
model consists of the Sensors, Logic, and Actuators subas-
sembly models (Figure 5). Similarly, the mechanical assem-
bly model consists of the Mechanisms subassembly model.

2.2 Memory Organization

The product model in VisionManager consists of graphics,
semantic annotations, design notes, and person-to-person no-
tifications. The Semantic Modeling Extension (SME) pro-
vides interactive mechanisms that enable designers to map
shared graphic entities to multiple symbolic representations
(Figure 6). The three primary SME object types Manager
Objects, Interpretation Objects, and Feature Objects, pro-
vide a flexible structure for indexing, storing, and retrieving
knowledge and data. (Figure 7). The designers use these ob-
jects in conjunction with Person Objects, Graphics Objects,
Note Objects, HyperLink Objects, and Notification Objects
to capture and express their intents behind the graphic enti-
ties.

Manager Objects provide a means by which a person or
team can group multiple interpretations of the design. It en-
capsulates a list of Interpretation Objects and a list of Person
Objects associated with the project. In Figure 7 a Manager
Object is used to encapsulate the Electrical Group’s interpre-
tations of the design.

Interpretation Objects encapsulate features for a particular
perspective. An Interpretation Object has two primary attrib-
utes : a list of Feature Classes and a list of Feature Objects
(Figure 7). Feature Classes provide an ontology to describe
the semantic meaning of the graphics within a context. This
ontology can be defined or augmented by the user at run-

time. The list of Feature Objects is edited by the user to con-
tain the instances from a particular graphic model which are
relevant to an interpretation.

Feature Objects capture the link between graphic entities
and symbolic entities (Figure 6). We define a feature to be a
constituent element of a design that has meaning to a de-
signer within a particular context. The basic components of a
Feature Object are a Feature Class, an identifier or Feature
Name, and a list of Graphics Objects. Other information ob-
jects can be linked to Feature Objects such as Note Objects,
HyperLink Objects, and Notification Objects (Figure 7).
Feature Objects allow graphic entities to have multiple
meanings within different interpretations.

Person Objects serve as a record of the project participants
and their declared roles and interests. A Person Object con-
sists of the designer’s name, a user-name, a user-password,
an email address, a list of responsibilities, and a list of inter-
ests, (Figure 7). Person Objects can be added, updated, and
deleted by the users. The lists of interests and responsibilities
are used by VisionManager to infer which team members
should be sent email notifications about changes to a portion
of the design. VisionManager relies on the list of responsi-
bilities to verify that a particular designer is allowed to store
an updated Interpretation Object in the database.

Graphics Objects contain Drawing Interchange File

(DXF) representations of the graphic model entities. A

graphic entity may be shared among many Feature Objects.
Note Objects contain text written by the project members.

Note Objects are used to capture the design rationale or other
design related information that a designer traditionally rec-
ords in notebooks, memos, etc. Notes are encapsulated in
Feature Objects to describe design requirements or intents.
VisionManager’s Note Browser allows the user to browse
and search Note Objects in order to locate specific Feature
Objects or Interpretation Objects.
HyperLink Objects provide a mechanism to link a Feature

Object to sources of information. VisionManager currently
handles references to World Wide Web (WWW) pages and
electronic images. A feature in the graphic model could be
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linked to component specification sheets available on the
WWW or a photo of a prototype.

Notification Objects record the communications among
the designers and are routed in asynchronous mode. These
notifications can be used to solicit feedback, to give ap-
proval, to broadcast change notifications, or to initiate nego-
tiations. A Notification Object consists of
. Feature Objects, the focus of the notification
~ affected Interpretation Objects, share an interest in the

Feature Objects
. Person Objects, the mailing list
~ a Note Object, describes the rationale or situation
Notification Objects are stored as a part of Feature Objects in
the shared product model.

This memory organization focuses on the design phase of
the product life-cycle. It is complementary to the description
of elements of smart models provided by Prasad in the repre-
sentation of life-cycle intent capture (Prasad, 1997). Vision-
Manager assists the team members to detect shared interests.
However, constraint management and conflict resolution re-
mains the responsibility of the team members.

2.3 Design Evolution Capture

VisionManager indexes versions at different levels of

granularity, i.e., Feature Object, Interpretation Object, and
Manager Object, and allows the user to capture different
types of versions such as private, public and consensus. The
following sections elaborate on how VisionManager sup-
ports design evolution capture.

2. 3.1 VERSION COMPOSITION
The three primary object types in SME are the basis for the

three different version types in the VisionManager.
~ Feature Versions represent the most primitive versions

that the user can access. These capture the evolution of a

single design feature.
~ Interpretation Versions are the second type of version in

VisionManager. A series of Interpretation Versions illus-
trate the evolution of the Feature Classes and the Feature

Objects belonging to a particular Interpretation Object.
This allows the user to view the design as it develops from
a particular perspective.

~ Manager Versions allow the user to trace the evolution of
a group of Interpretation Objects. With Manager Versions
the change in an assembly model, (e.g., Electrical) can be
traced over the project lifespan.

The content of Feature, Interpretation and Manager
versions is the same as their SME modeling counterparts,
with the addition of several flags. These flags are set by
designer to indicate the version type, (e.g., public, private,
consensus). At present, the version type is set by the user
at the Interpretation Version level and inherited by all of
its Feature Objects.

2.3.2 PUBLIC AND PRIVATE VERSIONS
A public version is one that can be accessed by anyone with

access privilege to the project database. Private versions allow
the designer or team to retain a milestone of the work without
sharing it with the rest of the team. There are different levels of
privacy: private to the group, the sub-group, and individual.
Access to the version is granted and confirmed via Person Ob-
jects. The labels and number of levels of privacy can be defmed
by the user at run-time to match the project organization.

2.3.3 CONSENSUS VERSIONS
A consensus version of an interpretation is one that has been

accepted by the entire team. This version may not be complete
in terms of its design status, but the team-members agree that it
does not conflict with other interpretations. There are different
levels of consensus: project-wide consensus, group consensus,
sub-group consensus. The consensus types can be defmed by
the user at run-time to match the team organization.

2.4 Content-Based Design Access and Retrieval

In the following we describe how VisionManager enables
designers or the team to check-in, visualize and check-out
version from the archive.

2.4.1 VERSION CHECK-IN

VisionManager relies on a centralized database to record
the version evolution of the product model. Since the design
is not being stored in files or directory hierarchies, all access
to current or historic versions is accomplished through
VisionManager’s check-in and check-out facilities.

Explored designs are indexed and stored through Vision-
Manager’s check-in process. Check-in consists of the fol-
lowing steps:

~ Designer specifies the check-in granularity level. Vision-
Manager requires designers to check-in their design at ei-
ther the Manager Object or the Interpretation Object
level.

~ VisionManager verifies responsibility and access permis-
sion. VisionManager references the project’s Person Ob-
jects to verify that the check-in is being performed by a de-
signer who is responsible for the Interpretation Object.

~ VisionManager archives the design version. VisionMan-
ager compares the Interpretation Object’s Feature

Classes and each of its Feature Objects to the previously
stored versions. Each component of the Feature Object is
checked: Graphic Objects, Note Objects, Notification Ob-
jects, and HyperLink Objects. To reduce the storage of re-
dundant information, the system records only those ob-
jects which have changed.

Interpretation Objects are retained by the VisionManager as
alternatives.

For instance, in our scenario, the sensor designer is con-
sidering 3 different sensor technologies: infrared emit-
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Figure 8. A public-to-public design evolution generated by the Sensors sub-assembly
designer while exploring three alternatives.

ter/detector pairs, contact switches, and fiber optic sensors
(Figure 8). Each option is captured in an Interpretation Ob-
ject and may undergo several revisions. Infrared sensors are
the preferred solution at this stage and the designers make
their solution publicly accessible as sensor version S,. The
rationale for selecting this technology over the other two al-
ternatives is recorded as Note Objects linked to Feature Ob-
jects.

2.4.2 SHARED INTEREST DETECTION
AND NOTIFICATIONS
When an interpretation is checked in, VisionManager as-

sists the designer by inferring which features have been
changed and who shares an interest in those changes based
on declared roles, interests, and responsibilities captured by
People Objects. A feature is changed if any part of the Fea-
ture Object’s information, (e.g., Graphic Objects, Notes Ob-
jects) has been altered since the previous version. Once a
changed feature is found, VisionManager searches all of the
Interpretation Objects for Feature Objects which share
graphics with the changed feature. This process yields a list
of changed Feature Objects and affected Interpretation Ob-
jects. VisionManager identifies which team members are in-
terested in the changes by comparing the declared interests in
the Person Objects to the list of affected Interpretations Ob-
jects. With this information and a text note written by the
user, the system builds the Notification Object. This facility
is invoked:

~ by the user to check consistency with other public versions
~ optionally when a private version is stored in the database
~ automatically when a public or consensus version is stored

It is always left to the user’s discretion to modify any part
of the Notification Object, or discard it. For instance, even
though VisionManager has identified several persons who
may be interested in a change, the user may want to solicit
feedback from only one of them. The user removes the other
persons from the mailing list before sending the email. Noti-
fication Objects serve as a means of communication among

the designers and as a record of the rationale behind feature
changes.

In our scenario, the mechanism designer generated three
potential solutions: screw/nut, linkage, gears (Figure 9).
Since there are two required functions, cinching and locking,
the designer initially specifies two separate gear trains for
driving the forkbolt. The mechanism designer sends a mes-
sage to the actuator designer indicating the need for two mo-
tors that fall within certain speed and torque ranges. The Ac-
tuators designer specifies the motors and sends a notification
back to the Mechanism designer. After incorporation of the
motors in a private version, the designer determines that
there is no room for two drive trains and two motors within
the confines of the car door. The redesign uses only one mo-
tor and a solenoid. Each time a notification is sent, the origi-
nator’s design must be versioned for public access. This in-
sures accuracy when referencing graphics.

2.5 Visualization and Reuse of Design Evolution

The design evolution is only as useful as the visualization
and retrieval mechanisms which allow users to revisit design
alternatives in order to reuse previous solutions, trace the
steps that lead to a specific decision, and reduce rework. Vi-
sionManager supports visualization by enabling the user to
browse the project evolution based on its content. The brows-
ing and filtering mechanisms leverage model graphics and
semantics rather than filenames and time-stamps.
The user first specifies the level of detail at which he/she

wants to view the evolution: Feature Versions, Interpretation
Versions, or Manager Versions. Specification of the subject
of the evolution can be provided by either entering a text
string or selecting a graphic. For example, to specify an In-
terpretation Object, the user could either type: &dquo;Actuators&dquo;
or click on one of the graphic entities in the CAD model that
is a member of the Actuators Interpretation Object. If the en-
tity is shared among several Interpretation Objects, the user
must specify from which point-of-view the evolution should
be viewed (e.g., Actuators, Mechanisms, Figure 10).
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Figure 9. Email notifications sent between the Mechanism and Actuator designers.

2.5.1 EVOLUTION FILTERING
In a project with many Interpretations Objects, the version

space will be large and difficult to navigate without computer
assistance. Evolutions can be played back as movies. This
may not be the most efficient means to locate a particular ver-
sion. In addition to referencing components or assemblies by
their semantic model information (i.e., Feature Class and
Name), VisionManager provides mechanisms for content-
based evolution filtering.

The most basic filters utilize the flags, (e.g., Hot-Item,
Daily-Backup), set by the user when checking in an Interpre-
tation Object. For instance, the user may wish to view all
&dquo;Hot-Item&dquo; EE versions at the Manager Version level. In a
similar fashion, the user can also specify which type of ver-
sions to view, (e.g., public, consensus).

VisionManager also allows the user to specify a filter
based on an &dquo;increment of change&dquo; in the version evolution.
In order to gauge the change between two given versions, Vi-
sionManager must first measure the volume of Feature Ob-
jects, Interpretation Objects and Manager Objects. The user
can set preferences to base Feature Object volume on the
number of: Graphic Objects, Note Objects, HyperLink Ob-
jects, and/or Notification Objects. An Interpretation Object’s
volume can either be the number of Feature Objects it con-
tains or the sum of the Feature Objects’ volumes. Similarly,
a Manager Object’s volume can either be the number of In-
terpretation Objects it contains or the sum of the Interpreta-

tion Objects’ volumes. For example, the user may request to
view the Sensor Interpretation Object at increments of five
Feature Object changes. The system will produce a subset of
the full Interpretation Version evolution in which five fea-
tures have been changed between subsequent versions.

2.5.2 DESIGN REUSE
The check-out function in the VisionManager system al-

lows designers to backtrack to previously versioned interpre-
tations, or to incorporate portions of earlier versions in their
current design.
When an Interpretation Object is checked-out, its con-

tents, (i.e., Feature Classes and Feature Objects) are merged
into the AutoCAD design space. The graphic entities con-
tained by the Graphic Objects are added to the model only if
they are not already present. The relative position and orien-
tation of graphic entities is preserved within, but not across,
Interpretation Versions. Consequently, VisionManager re-
lies on the user to place the graphic entities in the model.
When a Feature Object is checked-out, its contents (i.e.,
Feature Class, Feature Name, Graphic Objects, etc.) can be
added to a current Interpretation Object in the AutoCAD
space. Alternatively, the &dquo;shell&dquo; of the Interpretation Object
(i.e., just its Feature Classes) can be merged as well. The de-
scription of the mechanisms which are used to maintain con-
sistency between the AutoCAD design space and the Illustra
DBMS is beyond the scope of the paper.

 © 1998 SAGE Publications. All rights reserved. Not for commercial use or unauthorized distribution.
 by guest on August 2, 2008 http://cer.sagepub.comDownloaded from 

http://cer.sagepub.com


81

 © 1998 SAGE Publications. All rights reserved. Not for commercial use or unauthorized distribution.
 by guest on August 2, 2008 http://cer.sagepub.comDownloaded from 

http://cer.sagepub.com


82

3. Related Research

The points of departure for this research are the following
domains: collaboration technologies, database version and
configuration management, and design rationale and docu-
mentation.

3.1 Collaboration Technologies

Communication of intents, problems, and decisions is

critical in achieving better cooperation among professionals
across organizations. In recent years, commercial efforts,
(e.g., CORBA) and research work addressing issues in con-
current engineering, such as information sharing and ex-
change, multi-criteria representation, analysis and evalua-
tion, has been of growing interest. Two recent projects
propose integrated approaches for multi-criteria and multi-
disciplinary semantic representation and reasoning (Clayton,
1994; Fruchter and Reiner, 1995; Saad, 1995). Other re-
search directions have proposed different integration frame-
works to address the information exchange needs for col-
laborative work, such as, blackboard architectures to link
CAD with expert systems (Dixon, 1988; Finger et al., 1988;
Fenves, 1990; Phol, 1990), blackboard object-oriented data-
base framework (Sriram, 1991), and federated agent archi-
tecture (Cutkosky, 1993; Khedro, 1995). The prototypes de-
veloped in these studies do not include capabilities for

versioning and documentation of design rationale.

3.2 Version and Configuration Management

Previous research on integration has focused on the use of
database management systems as the primary integration
scheme to enable design software applications to share data.
In this scheme, software applications are able to store, access
and update data through a central data base or distributed da-
tabase. Different systems have been developed for project
data management to support collaborative work. A recent

study explores a relation database approach to change man-
agement in a CAD environment to support collaborative en-

gineering (Krishnamurthy, 1995). The proposed change
management consists of three layers: versions, assemblies,
and configurations. A version is a specific design description
of a primitive entity, an assembly integrates individual ver-
sions to describe the state of a composite entity, as well as a
design in a discipline. Configurations integrate discipline
designs to describe the overall project as a collection of the
different discipline drawings. These approaches track only
the evolution of graphic entities without tracking evolution
of design rationale or cross-disciplinary communication.

3.3 Design Rationale

Three major approaches to design rationale have been
proposed in the past decade: history-based rationale,
argumentation-based, and device model based rationale.

History-based rationale approaches, such as the electronic
notebook document design by recording the sequence of
events that happen during design (Lakin, 1989). The ap-
proach requires a low overhead for recording design activi-
ties, however, does not consider the specific use of these
documents, detection of interests, or the needs of document
users. This approach has the same pitfalls as the documents
produced in typical practice, i.e., there is no link between the
product model and the created document. The access to rele-
vant information is even harder than with the current design
documents due to the increased amount of information re-
corded.
The argumentation-based approach is derived from hyper-

text research, where the goal is to provide uniform structure
to a potentially diverse medium (Kunz, 1970; McCall, 1987;
Chung, 1994). The document is recorded as non-interpreted
text. This approach requires designers to learn the documen-
tation and access methods, and adds a high documentation
overhead to the design process.

Device-based approach takes a model-based approach
used in diagnosis expert systems (Gruber, 1991; Baudin,
1989). The key in this approach is to develop reusable devise
models. This approach does not address the requirements
posed by teamwork, such as shared interests, notifications,
and negotiation. This approach requires the designer to for-
malize the device model. Consequently increases the design-
er’s overhead in documenting the design and is unrealistic
during conceptual design. More recent research explored
mechanisms for active design documentation that uses an
initial domain specific design model able to generate and ex-
plain standard design decisions. In this approach designers
can adjust the initial design model (Bicharra Garcia, 1993).

4. Conclusions

This paper presents an initial effort in the development of a
computer environment to support capture, visualization and re-
use of design in multi-disciplinary teamwork. VisionManager
proposes a model-based and content-based paradigm for de-
sign evolution capture. The system provides capabilities to:

~ augment a shared graphic design model design with the
team members’ ontology, design intents, interests, and re-
sponsibilities

~ capture versions at different levels of granularity, such as,
feature level, discipline perspective level, and project level

~ create private, public, and consensus versions in a hierar-
chical archive

~ infer the perspectives and corresponding ontologies of a
shared feature

. infer shared interests and route change notifications with
regard to a modified feature or perspective

. visualize the design evolution of features, discipline per-
spectives, and the overall project based on captured se-
mantics

. reuse previous alternatives captured in archived versions
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VisionManager is particularly promising since it pro-
vides a rich knowledge archive of explored perspectives,
shared interests, alternatives, and the design intent behind
them, that designers will not be able to remember on their
own. This archive is built up during the design process,
rather than as an independent process performed by an ex-
pert assistant who is familiar with the technicalities of in-

dexing and retrieval.
VisionManager can help capitalize on the organization’s

core competence.
VisionManager provides a mechanism for creating the

&dquo;team memory&dquo; or the &dquo;corporate memory.&dquo; The &dquo;team

memory&dquo; can serve a number of roles:

1. Archive of design evolution to support knowledge man-
agement and access by different users, such as:
~ Current team members who can:

> augment a shared 3D CAD product model with de-
sign intents, interests, responsibilities

> detect shared interests and route change notifica-
tions

> link the shared 3D CAD model with Web docu-
ments

> evaluate the performance of the product
> visualize the shared product models
> track and backtrack through archived team interac-

tions
~ Project managers who can:

> Have a &dquo;window&dquo; into the project any time, any
place

> Understand the status of the project and issues re-
lated to communication, collaboration, and coordi-
nation among team members

~ Clients who can participate and interact with the team
during the design phase, as well as use the &dquo;project
memory&dquo; in the operation/maintenance stage of the
product.

~ New team members who join the team later and need
to become acquainted with previous decisions.

2. Learning resource for apprentices, who need to learn the
organization’s design practice.

3. Case-study resource for future projects.
4. Resource for operation and maintenance of the prod-

uct.

We plan to test VisionManager in two learning environ-
ments, one is mechatronic system design (Toye, 1993), and
the other is computer integrated architecture/engineer-
ing/construction (Fruchter and Krawinkler, 1995).
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