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Abstract process problem by one of the few experts available in a
We describe the design and use of SMAT, a tool designed tgnghly spemahzgd f'EId'. . . .
S . . Jade, a welding engineer, is reading her e-mail, when a
be part of a scientific collaboratory for use in a robotic arc S
; ) ; : yellow, flashing icon beeps on her computer. She opens up
welding research project at the National Institute of : :
) : the icon and sees a message about trouble on a welding
Standards and Technology (NIST). The primary functional . . : .
line as well as a hyperlink to a virtual collaboration space.

requirements of S.MAT are to provide the capab|l.|ty tc.) She clicks the hyperlink and sees a long list of good welds
capture, synchronize, play back and annotate multimedia . :
denoted by a green color code, in a dynamically updated

data in a mulu-platform, distributed gnwronment. To meetddata table. Additionally, there are two welds that are color
these requirements, SMAT was designed as a control an .
coded vyellow; the second suspect yellow weld

integration framework that exploits existing tools to render . : Lo
specific media types and control annotation sessions automatically triggered the warning icon on her desktop.
‘Clicking the yellow label invokes a Virtual Reality

SMAT defines a component archltecture framework.whereModellng Language (VRML) current-voltage graph plotted
such tools can be plugged in and controlled using a S
o . . .. over the geometry of the weld, overlaid with a transparent
distributed, event-driven, tool bus architecture. SMAT'’s . L
modular architecture enables control inputs to come from template for a good weld, with tolerance ranges indicated,
P The first bad weld shows a problem at the beginning of the

anywhere in the distributed collaborative environment,
. . weld sequence but the second shows a problem toward the
thus allowing for simultaneous remote and local control of

the toal, as well as painless mterfapmg \.N'th the existing Jade starts a multimedia playback for each of the welds
collaborative environment. SMAT is built on an agent

middleware called AGNI, also developed at NIST. We giveFhat mc_:ludes audlo,. video, sensor _and controller.
. . : information. She associates some spikes in the graphs with
an overview of AGNI that can be used to build failure

- - : L ..~ some sounds and visual signs in the welds themselves that
resilient, distributed, event-driven applications. In addition
o ; . . - make her suspect a faulty power supply. She contacts
to describing SMAT’s design, interface and underlying : ;
. . : Harry, the job setter for the problem welding cell, and asks
middleware, we present performance information, an

— . ; , . him to use his PC to join her in the virtual collaboration
initial analysis of welding users’ experiences and feedback,

related work and our plans for further SMAT development. space. She p0|nt§ out featqres she sees in the data, and
together they decide to call in an electrician to check out

i the power supply. Jade suggests that Harry show the
Introduction electrician the current-voltage graphs to help explain the
problem they suspect with the power supply. Jade makes
The increasing globalization of manufacturing and some annotations in the welding data and sends an email
distribution of enterprises demands concurrent information to her European counterpart as a “heads-up”.
exchange and collaboration throughout the product The basic technology components exist for enabling this
development life cycle. This creates an increasing and other types of collaboration that will be common in
dependence on information technology to share disparatefuture global manufacturing environments. The challenge
data among geographically dispersed staff. Globalizationis in understanding the collaboration requirements, and
trends and recent advances in information technologyidentifying and integrating appropriate collaboration
provide an opportunity now for Computer Supported technology solutions. In this paper, we focus on a
Cooperative Work (CSCW) [10]. Imagine this scenario, component of a scientific collaboratory developed to
where advanced integrated CSCW technology is used tosupport geographically dispersed manufacturing trouble-
enable the efficient trouble-shooting of a manufacturing shooting processes. We describe the design of SMAT, its



environment and underpinnings, benefits and our futureare changes in manufacturing processes and data exchange

plans. requirements as a result of these systems’ use.
Our current work, set in the context of automated gas-
Background metal robotic welding, assesses the deployment and use of

collaboration technologies for process engineering and
trouble-shooting. In industry, there is a relative scarcity of

workstation available; it is a thoughtful exercise that welding engineers. One component of a solution to this

considers many factors, just as there many perspectivespmblem IS to use W.eld'ng engmegrs' time more
contributing to the CSCW discipline. Specifically, its aim prqductwely. Currently, time is wasted in travel and n_ot
is to apply the right collaborative tool(s) for a job given being able ‘to oversee problems at co-located _snes
many factors. For instance, there is considerable researcl’?Oncurrently because of |ne_1dequate tOOISS .lf a virtual
showing that adding audio to desktop conferencing presence could be established that mitigates these

improves problem solving among team members, howeverpro?(lje?s’ sorr]ne, i dnoés“bztant;_al m_crease_f Iln productmt}(/
there typically is no benefit to adding video [19]. cou € achieved. Lollaboralion IS a vital componen

Meanwhile, new research shows promise for video surrounding the testing and trouble-shooting of automated
providing significant benefit when used in tasks involving ro%otlr(]: gas-rlne_tal \;veldtl)ng eqwtpmelr:jt, vt\)/eldmg I;?jr_ocetsses,
speakers with different priorities and different linguistic ?:n" be atr_1a y?sr(]) slu seﬂu%n n']e shya wef mgl_ eam.
capabilities [19]. This type of finding holds the promise to oflaboration technology holds the promise of realizing

support increasingly diverse work teams in our substantla_l savings in pr(_)ductlwty by allowing
W geographically dispersed welding teams to trouble-shoot

increasingly global economy. With the aid of CSCW, bad weld " d dist tualized in th
groupware will eventually support the way we work, i.e., a we S overtime and distance, as conceplualized in the
cooperatively, and often distantly located Jade” illustration. (To address the issue of whether the
In the intr’oduction we described a. scenario where NIST collaboratory addresses real-world problems, these
; ’ ideas were presented and greeted with unanimous support
collaboration tools are used to trouble-shoot a problem’ ) .
P at the National Advanced Manufacturing Testbed (NAMT)

with an automated welding process. There are many X
scenarios repeated throughout manufacturing processG"’ls"\/lmaI Ar_cWeIdlng Workshop, Sep_ter_nber 1998.) .
NIST welding researchers have a similar collaboration

engineering and other domains, similar to trouble-shooting _ h hically di dt th
problem welds, where collaborative tools would be useful. scenario, where, as a geographically dispersed team, they

In these scenarios, there are problems with a process ang'® working to define interface standards between welding

there are various types of “experts” including operators and workt_ce!l Compﬁj’_‘e”f' ct(t))ntéolrl]ers, ; nd ppwe;r supp;llzs.fA
engineers who are not necessarily co-located. They need téunq loning welding testbed has been implemented for
communicate regarding the problem, symptoms pasttestlng the interfaces between components, controllers, and

history, etc., and they need to suggest and experiment withPOWer supplies. Analysis of welds is performed to venty

alternatives (e.g., using integrated simulation tools, etc.). effective operation  of |nterface_<_,, eql_upment, _and
controllers [14]. Just as in the industrial operations

Welding scenario, task appropriate collaborative and data

visualization technologies hold the promise of effective
Researchers at NIST's Manufacturing Engineering collaboration over time and distance.

Laboratory and Information Technology Laboratory are in

the process of instituting and assessing collaborationSummarized requirements

technologies for manufacturing applications [17]. We are

particularly interested in how collaboration tools can be  The welding collaboratory requirements were gathered

used effectively in manufacturing environments and how and documented, and are summarized here:

manufacturing practices will change as a result of their use.1. Weld analysis requires collaboration among

We expect these studies will yield useful insights into participants in distant locations and time zones.

future data interchange standards needs, as well as advance Asynchronous communications are required.

the state of the art and practice in CSCW deployment for 2. The welding process generates data in various formats

manufacturing and possibly other domains. We are that multiple people need to access, review, and

employing user-centered design, as it has been shown to  annotate. Not all formats have been specified to date.

increase the likelihood of acceptance, effectiveness, and3. NIST researchers require a central repository of data,

user satisfaction of IT systems [e.g., 7, 8, 9]. Field studies which supports appropriate access permission

are being used to document the work and show where there ~ controls, supports heterogeneous data formats, and

Successful groupware deployment is more than
installing video conferencing on every computer



allows for organizing data and interactions around a extensible, and was developed in an environment
central principle, e.g., around a particular weld or part. supporting CSCW research. SMAT was developed in-
4. Engineers need to divide time among several house and integrated with Teamwave Workplace (TW) for
problems, and therefore do not want the burden of a seamless collaboratory. While SMAT specially addresses
being in lockstep synchrony with each current requirement #9, it also addresses requirements 1-6. An
problem. overview of the collaboratory systems follows.
5. High networking bandwidth solutions can not be
imposed because some welding industries and sites dol € NIST Collaboratory

not ha\_/e high (_:apacity networking infras_tructure. . The NIST collaboratory is comprised of a number of
Potential solutions must run on the major computing systems, depicted in Figure 1. Theelding systenitself
platforms. . o has a number of modules. But for the purposes of this
7 .TO analy_ze welds, a data visualization tool paper, it can be viewed as a remote instrument that has
|ncorporat|r_19 an pverlay of bad welds on a_good weld software controls, but requires human intervention to run
temp!ate V.V'th delineated tolerance ranges is needed. (fixturing, control program generation, etc.). Images can be
8. T.O |c_ien_t|fy tren(_js anq analyze = problems, captured in the welding facility by manual interaction with
visualization (.)f a time series of good and bad welds a pan/tilt/zoom camera mounted above the welding cell
per work ceI_I is needed. L that is controlled from a web page. In some cases multiple
9. A synchronized replay of weld audio, video, sensor, images of a single weld are obtained after the weld is
and controller data is needed. Further, the capability to completed, since during actual welding, lighting conditions

g‘fike ar:not_atlons at lrImFabIe tev?[nts during the weld 4, o+ ysually allow image capture. Data files are saved to
ata replay is especially important. 2 networked file store.

A combination of collaborative tools is being used
since no single commercial, off-the-shelf (COTS) tool was
available that met all the requirements. To accelerate tooll- Teamwave Workplace (Roseman, 2000) is a commercial

product identified in this document for the purpose of evaluating a class of
deployment, a COTS tool, Teamwave Workpljacwas collaboration technologies. This identification does not imply any

chosen as the foundation tool for the welding recommendation or endorsement by the National Institute of Standards
collaboratory, as it met many of the requirements, was and Technology.

Virtual Gollaborative Space

Daemon
Process

M etworked
File Store

Metworked
File Store

YWyalding
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Figure 1: The NIST Manufacturing Collaboratory



A daemon processnonitors for the creation of new synchronize and play back the captured multimedia data
welding files and processes them. The daemon copies thafter the weld is complete and to provide a means to stop
files, massages the data to synchronize the streams, createlse play back and make an annotation at any point in time.
SMAT-readable files, places the pertinent files in a File After the annotation is composed, it can be made available
Transport Protocol (FTP) repository, builds a metadata file for other users to view and, if they wish, annotate the
for SMAT that consolidates pointers to the various related annotation. During subsequent sessions, the media and the
data streams and puts a pointer to the metadata file in aannotations are played back in synchronous fashion.
predetermined location in Teamwave Workplace. Team During replay, annotations appear at appropriate locations
members can then access the data through the Teamwaviimes) along the timeline.

Workplace interface or a standalone version of SMAT.
Security of the data is managed through the passwordSMAT Design and Implementation
protection mechanism built into FTP. ] ]

Teamwave Workplacii5] is used as the overarching To meet these requirements, SMAT was designed as a
collaboration tool in the collaboratory. TW is a rooms- control and integration framework that exploits existing
based collaboration system with a whiteboard backdrop.t00IS to play specific media types. Each tool to be
Rooms provide boundaries for data groupings and usercontrolled gxports an Application Protogol Interface (API)
interactions as well as a metaphor for easing the transitionOf mechanism (such as Component Object Model (COM))
to groupware [6]. Data organization within rooms is that perml'gs it to be contrqlled from another process. The
configurable by its occupants in how they organize various {00IS are tied together using a commoontrol bus The
tools housing their data, such as file viewers, file holders, idea of the bus is much the same as the idea of a bus in

Postlt™ notes, and message boards. The system providg T AT e s S et e

for synchronous and asynchronous user interactions, b= & k= i s =

importantly, these interactions are in the context of relevani _ == 5.2 & s N

data. The tool set is extensible, e.g., custom tools such a - === _F:;;';';::
|

SMAT can be added. Figure 2 shows a screen shot of { Imss
room in Teamwave Workplace supporting the analysis
activities of a weld. The left-most portion of the room |*
shows summary status and navigation information, thejy s mmmps
center and right portions show data for a good weld and & =
bad weld, respectively. At the bottom of the window is an
in-progress chat session regarding the analysis of the late:
weld data.

SMAT is a software solution for capturing,
synchronizing, playing back and annotating multimedia
data streams in a multi-platform (Windows NT and UNIX),
distributed environment. SMAT annotations support
collaboration. We anticipate extending SMAT’s E
capabilities to include synchronous playback by various '
team members. Further, SMAT provides a fairly unique
capability of playing multiple synchronized data steams of
heterogeneous formats at the same time. SMAT is both
visualization tool for viewing any number of streams of
heterogeneous multimedia data at the same time and
collaboration tool, providing an annotation facility for
notable “events” during the viewing of those streams.
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Sensors in various parts of the welding system and 5:-'."{:‘::.".'.’-.".—1‘:—'._1“-._- r
welding cell controller produce data of various media types. —————————eee e
— for example, video, audio, discrete images and discretely Figure 2: Teamwave Workplace “room” showing

sampled current and voltage. The primary functional  \4rious tools and data for two related welds
requirements for SMAT are to provide the capability to




computer hardware. Components are tied together bymodularized. For example, the global controller in the

plugging them into the software bus in the same fashion asFigure 3 can receive commands from anywhere in the
cards are plugged into a hardware bus. The components irdistributed environment. This makes it possible to

this case are slave processes that play the differentdistribute the control and enable synchronous as well as
multimedia files and take commands from the bus. One ofasynchronous collaboration. For example, a user may
our goals was to make SMAT operational on multiple enable another user to control the tool by simply enabling
computing platforms. Unfortunately, there is no uniformity the global controller to accept control inputs from the other
in component architectures across platforms. In order touser. This local-remote transparency and distribution of
achieve cross-platform uniformity, the interfaces to the control formed the requirements of our distributed

tools under control must be made uniform, which we scripting environment that can be used for building a

accomplish by wrapping a controller script around each variety of collaborative tools including the synchronous

tool. For example, we can use XANIM [20] as a tool that multimedia annotation tool that is the subject of this paper.
plays video under UNIX. XANIM takes external input via We considered the event abstractions to be of general
property change notifications on a XWindow Property. If interest and hence built a distributed, event-oriented
we use a Microsoft tool, it may export COM interfaces for scripting environment called AGNI that is the subject of

external control. In general, each tool may have its own the next section.

idiosyncrasies for external communication. We encapsulate .

these via a software driver wrapper that hides the AGNI Overview

communication complexities from the control layer and

. . _ Collaborative environments have a common set of
registers standardized callbacks with the control layer. The

communication and infrastructure requirements that can be

pallbacks mr_:lude atart interface, astopmtg:-rface, aquit abstracted into a common framework. These requirements
interface, atimer tick interface and aseekinterface, all are as follows:

which are called from the controller at appropriate times. It 1. Eventoriented structure: A user may perform an

IS ug tg the drlr\]/erf :ﬁ commlrnl?ate Vr\]"th the Sl‘g\_ﬁ tool if action at his or her workstation and the effects of that
needed on each of these cal's. 10 enhance Usaility, We US€ 5 .tin have to be fielded by the other participants

Tk window embedding to achieve a uniform look and feel. (either  synchronously or  asynchronously) for

Each tool t_hat has an embeddable top—I_eveI wir_ldow is collaboration to occur.

_empedded in a common canvas. The architecture is showrz Distribution: Clearly, the primary requirement for any

in Figure 3. . . . . collaborative environment is that it be distributed (i.e.
The key innovation here is separation of control from be able to run across multiple sites).

the tool that is being controlled. By architecting and

building tools in this fashion, control can be distributed and

| External Control
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A

Standard Cgntrol Interfacy i
v r r SGRAPH WIDED
Control Control Control TooL TooL
Wirapper Wiraper Wirapper -
.
Togl-specific Confrol Comrmandls L | HThIL ||
- - r AN OTATIOR
AR B
Wideo HTIL Graph
Clontroller Controller Cotitroller T

Figure 3: The SMAT Architecture



3. Security: Unless we are working in a closed may be appended to them. Multiple Event Handlers
environment, it is necessary to incorporate security (Handlers) may be dynamically attached to and detached
mechanisms into the system to prevent inadvertent orfrom a MStream. Handlers are invoked on discrete
malicious disruptions of the environment. changes in system state such as message delivery, MStream

4. Failure Detection and Recovery: Failures are a relocations, new Handler attachments, new Site additions
common occurrence in distributed systems and theand Site failures. We refer to these discrete changes in
collaborative environment should be able to detect system state as Events. Handlers are attached by Agents
these and possibly support recovery from failure. A that provide an execution environment and thread for the
primary requirement for failure recovery is that the Handlers that they attach. That is, an Agent specifies a
failure state be well defined so that appropriate failure collection of Handlers that all use the same thread of
handlers can be incorporated. execution and interpreter. Logically, a distributed system

5. Heterogeneity: Given the plethora of existing tools and that is constructed using AGNI is structured as shown in
technologies, a pragmatic approach to building Figure 4.
collaborative tools aims to compose tools into more
powerful tools in much the same way as we have Session
composed SMAT above. T

Given these common requirements, we designed and v *
constructed a Tcl/Tk based distributed scripting tool, called i .
AGNI (Agents atNIST, also, Sanskrit for “fire”). The basic Site Site
idea is to enable the logical design of a distributed * *
collaborative environment independent of the physical *
placement of components. Using this approach, the
designer may design composite, event-oriented tools and
distribute the control by pushing the control elements to the
collaborating parties’ workstations. Stated differently, our
approach is to generalize the basic idea of an applet to a
distributed system. The basic abstractions in our system arg
Mobile Streams, Sites and Sessions.

A Mobile Stream (MStream) is a named
communication end-point in a distributed system that can
be moved from machine to machine while a distributed
computation is in progress and while maintaining a pre-
defined ordering guarantee of message consumption with Figure 4: A logical view of a distributed system
respect to the order in which messages are sent to it. A constructed using AGNI.

MStream has a globally unique name. Handlers can communicate with each other by

We refer to any processor that supports a MStream appending messages to MStreams. These messages are

execution environment as a Site. The closest analogy to &,4jivered asynchronously to the registered Append
MStream is a mobile active mailbox. MStreams provide a |0 diers in the same order that they were issued

Firs_t—ln—First-Out (FIFO) message—ordering guarantee. (Synchronous delivery of messages is supported as an
While mailboxes are usually stationary, MStreams, have option, but asynchronous delivery is expected to be the

the ability to move from Site to Site dynamically. While common case.) Bgsynchronous delivenye mean that the

mgﬂboxes are_usuallﬁl passive, message ar;lval al 3sender does not block until the message has been
tream can trigger the concurrent execution of Message,,nsymed in order to continue its execution. The

consm:jr_npt_lg)n e(;/ent handlers r_eg|st$red with the MStream. e r1ving messaging code takes care of message buffering
A distributed system consists of one or more Sites. A and reliable delivery.

collection of Sites participating in a distributed application 5, application built using the AGNI middleware, may

IS lgatl)lled qSess::)r:anch S_essmndhas ar(]:ies_lgr?ated,_trus;cjed,be thought of as consisting of two distinct parts — an active
reliable Site called &ession LeadeEach Site Is assigne part and a reactive part. The reactive part consists of

a Location Identifierthat uniquely identifies it within a Streams and Handlers. The active parhelllives outside

grllven Se_ssmn. New_Sltes may be added atr)wdlremO\ged fron}he middleware and drives it. A Shell may connect to the
the Session at any time. A MStream may be located on, ofiqqeware and issue requests and may exit at any time.

mhoved to any Site in ;c)he Sessg)?kthat all(lows |tdto reside The reactive part is persistent for the life of the Session.
there. MStreams may be opened like sockets an messagei§igure 5 shows an example of a distributed application that

MStream MStream MStream

—4Z2mMQO > e
—ZmQo > e
—Zm@ > e
—ZmQ@ > e
—Zm@ > e




consists of two MStreams. When a message is consumedeaving the policy up to individual applications. Controls

stream_create foo may be placed via policy Handlers at a session-wide level,
stream_create bar site-wide level and at the level of individual MStreams for
register_agent foo {} { various security-relevant Events.
stream_open bar
on_stream_append { Graphical User Interface
stream_append bar $argv ] o ]
} The user interface for the SMAT application is shown in
} Figure 6. SMAT is written in Tcl/Tk. Graphical User
register_agent bar {} { T —— T .
on_stream_append { N e o ‘
puts $argv
stream_relocate 1 ] i 3 = =
} e | 2o
on_stream_relocation { M if £
puts “l am at [stream_location]” 4% W 4 N i
} -
Figure 5: An example script that realizes a self- e | 1] by | ] || b 1] ]
reconfiguring event-driven distributed iy
application. = 5 < el ik}

the on_stream_appenrbdandler runs. When a message is
sent to the MStream ‘bar’, it relocates itself and prints its
current location.

AGNI allows mobility and dynamic extensibility by
permitting MStream movement while there are pending,
undelivered messages. Provided the state of the distributer

PR N1 brockes spnsiicn L0

LL

application can be encapsulated and represented as string B
it can be stored in a briefcase structure and moved along
with the MStream, and re-instantiated at the new Site. This Figure 6: User Interface of SMAT

allows personal mobility in a collaborative environment. In
order to preserve message ordering in the presence of sucinterface (GUI) events are also sent through the control
mobility, we have designed a custom communication bus. The elements of the display are configurable through a
protocol on top of User Datagram Protocol (UDP) that script file containing the names, locations and types of the
preserves order in the presence of mobility and failure [13]. component files. In the configuration shown in Figure 6,
A centralized, reliable Failure Manager handles  there are three graphs, an image and a text widget. The left
failures. This is a reliable location where the failure and center graphs represent two data streams captured at
handler that is attached to an MStream executes. Thethe time a weld was made. The right graph shows data that
failure recovery mechanism also resynchronizes sequencavas generated by applying an algorithm to these two data
numbers so that message delivery ordering can bestreams, along with some constant data based on the
preserved. The design of AGNI is described in greater conditions under which the weld was made. Each data
detail in an earlier paper by Ranganathenal.[12]. stream is time-stamped, allowing the use ofreplay
Applications built using Mobile Streams can be facility. Zooming and translation of the graphs is controlled
extended from multiple points of control; any handler or through the series of icons shown just below each graph.
Shell that has acquired an open MStream handle, can One or more images can be displayed with other data
attempt to re-configure or extend the reactive part of the along a common timeline.
system and these actions can occur concurrently. While The user interacts with the graphs and images by using
this adds great flexibility, it also raises several security and the replay feature, which is located immediately above the
stability issues. We provide a means of restricting systemtext box. The user controls the progress of the replay by
reconfiguration and extension using control Events that canchoosingstart, stopor rewind In addition, the associated
invoke policy Handlers. Only privileged Agents may slider may be dragged to any position of the time scale.
register these policy Handlers. We follow a discretionary During replay, a vertical line on each of the graphs moves
control philosophy by providing just the mechanism and synchronously through the graph. Simultaneously, the most



recent image and most recent annotation are updated irRelated Work

their respective locations. ) . o
Annotations are an important concept in single-user

Annotation facility systems [16] and have been adapted for use in collaborative
systems. The utility of linking a person’s thoughts to

SMAT not only allows visual review of a weld and its material being viewed is critical to making sense of
associated parameters, but also provides the user with thelecisions that were made based on the original material.
ability to create time-based annotations. If the replay Annotations provide a method for managing corporate
feature is paused, selecting the ‘Edit’ button at the bottom memory and justifying decisions.
of the text window invokes the user’s default editor (e.g.,  There are numerous, recent examples of annotation
Word). When a new comment is to be generated, asoftware in the literature. Some systems support personal
template appears already seeded with the name of the parnnotations much as a person takes notes at a meeting.
being welded, the time segment to which the annotation Other systems focus on ‘secretarial’ annotations, e.g., one
applies, and hyperlinks to related graphs, images andperson recording and sharing the results with a group. Still
associated comments. The user merely types his commenbther systems treat annotations of novel media such as
and saves the document, while the system takes care ofideo and audio. SMAT derives its uniqueness by
naming the file. Annotations are stored on the local client addressing all of these issues in a shared context — multiple
until the user decides to submit them for group availability. authors and multiple readers (re)viewing and annotating

i . multiple, heterogeneous synchronized data streams.
Benefits of Design The Classroom 2000 project at Georgia Tech [1, 2, 3]
jncorporates some of the same ideas as those used by

MAT. The educational context supports teachers making
alterations (annotations) to materials written on an
electronic whiteboard. Students can make similar
annotations in their personal notes. Sharing of notes
between teachers and students is a more difficult issue that
gas been tackled in the most recent paper [11]. Their
approach via linking is similar to the text annotations
Cprovided by SMAT.

Video and multimodal annotations have been studied [4,
5]. Written and spoken annotations have been tested for
their ability to support indexing and search through
multimodal archives. Although SMAT currently does not

There are several advantages to structuring a tool usin
the architecture described above.

Distributed ControlEach tool is controlled by a separate
AGNI agent that implements its driver. The driver reacts to
events that can be generated from anywhere in the
distributed application. For example, the slider tool can
append messages to the controller that re-distributes thes
events asseekevents to each of the tool drivers. If the
multimedia tools support random seeks, they can respon
to such seek requests and position their media
appropriately, thereby giving the ability to have both real-
time and manually controlled synchronization. If we
wanted to share the slider, in a synchronous, collaborative ) o . . ;

present video or audio information, its architecture and

hi th k input simpl t iginate f
fashion, the seek input simply needs to originate from design philosophy make it critical to consider

another machine rather than the local slider. The control, i h d tat des to deal with
inputs could also come from another collaborative Incorporating enhanced annotations modes to deal wi

environment and indeed we have used this approach toeanChed fgrmats. . . .
We derive some experience from our earlier work in

integrate the tool with the Teamwave Workplace client. . ) . ) .
g P extending the Synchronized Multimedia Integration

Isolation of Component&ach tool runs in its own ) :
: : : MIL) to support annotations [18]. This work
address space. Thus, a misbehaving tool cannot brin dowr]r"’mgu"’lge_3 (S
b 9 g resulted in a tool calledACTS, that allowed users to

the application. Failures are easy to isolate and fix. We can ) . .
utilize off-the-shelf tools for media handling and perform annotations along with the replay of synchronized
multimedia streams. Because of the functional

annotation whenever such tools are available. For example, . .
P requirements of SMIL, the annotation feature had to

in our Windows NT version of the tool, we use the COM functi let. with all th tricti fthe Applet
IWebBrowser2nterfaces to Windows Explorer and drive it unction as an applet, with all the restrictions ot thé Apple
as an external tool to allow us to browse annotations. security model. Therefore, ACTS could not exploit native

tools for creating and editing annotations nor could it

Modularity and ExtensibilityAs all drivers export " h i SMAT ts th
uniform interfaces, it is easy to add support for new media support - Synchronous -operation. Supports these
features, which are clearly useful for collaborative

. i i i late the interf
types. We simply bild a driver to encapsulate the inter 4C® environments. On the other hand, ACTS offered the

to the tool and plug it into the bus. . . .
P9 advantages of Applets, i.e., ease of installation and use.
Another enhancement that is possible with SMAT, and not
with ACTS, is the integration with another collaborative



environment, such as SMAT with the Teamwave originally collected. However, when the 30-second interval

Workplace client. was broken into 300 slices of 0.1 seconds each, a
significant lag was introduced into the event handling rate
Performance which caused a 20% slowdown in the rendering rate

compared to real-time capture rate. The results can be

One of the future generalizations we envision for SMAT X
expected to improve on more contemporary hardware.

is the handling of real-time arontinuous- time medisuch
as audip and video_. However, the tool also ha§ to support|nitia| Analysis of Use
annotations and still images that appear at discrete time
intervals in the multimedia replay. To handle both media  Welding engineers and guest researchers recently
types, we have added a real-time clock input that sends gparticipated in a welding exercise at NIST. The experiment
signal out on the control bus at a fixed, periodic interval. was set up to test whether collaborative technologies could
This signal is ignored by the continuous-time media be effectively incorporated into a pseudo-manufacturing
players because they incorporate their own notion of time, environment. Of the six participants in the experimental
but is interpreted by the discrete-time media players to scenario, only two performed roles that involved the use of
initiate actions such as bringing up time-anchored SMAT for weld evaluation. Due to the small number of
annotations, advancing the cursor on a graph, etc. Theusers, the evaluation of SMAT is heuristic in nature and
smaller the interval of the clock tick, the finer the includes mainly measures of user satisfaction. The user-
granularity of these discrete actions with respect to the centered design methodology employed in developing the
continuous-time media replay. In order for the tool as a collaborative environment, including SMAT, has allowed
whole to keep up with the clock rate of the bus, the tick has several rounds of testing and prototype refinement.
to propagate through the event bus and the discrete timeDbservation and elicitation of talk aloud protocols were the
media players have to complete their actions before themain methods for capturing user feedback. The overall
next tick. reaction to SMAT has been quite positive. Both users of the
To get an idea of how well this scheme worked, we software believed that it was unique, providing capabilities
measured the ability of SMAT in the configuration shown that would be useful enough to incorporate into other tools
in the GUI screen shot (Figure 6), to keep up with the clock that they currently use for reviewing weld quality. They
ticks that are generated by the timer. We measured the errorecommended that additional types of data, such as static
by letting the tool run for 30 seconds on a 130 MHz controller parameters, be added so that SMAT presents a
machine running Windows NT and tracking the number of more complete picture of the real-time context. The fact
ticks issued. By multiplying the tick interval by the number that SMAT displays could be invoked from within their
of ticks, we get an idea of what the wall clock time should normal collaborative system (e.g., TW) was met with
have been provided the tool could keep up with the timer. enthusiasm since as one user noted, “All my work is in one
This enables us to compute the average error. place” and “It uses common ways of accessing all my
As shown in Figure 7, when the 30-second weld data”.

25% Plans for Future Development
20% L Since SMAT is a prototype tool that was developed
. \ employing user-centered design for a specific audience,

i.e., the NIST welding experts, its current features and
10% capabilities have been targeted to address a specific set of
requirements. To generalize the applicability of the tool,

=% there are many potential enhancements that could be
0% : - pursued. Among them are:

Error (%)

o 0.2 0.4 05 0.8 Real-time collaboration'SMAT could be enhanced to
Resolution (seconds) support real-time collaboration. Using this capability, users
would effectively have partial control over each other’s
Figure 7: Effect of data sampling rate on tools in qrder to share the same view of the. multimedia
deviation from real-time capture rate (130 MHz data. This could be accomplished by using the bus
CPU) architecture and distributing control of one session to other

sessions, as mentioned in the Benefits of Design section.
%haring the display events is a given, but some thought and

were handled fast enough that the display was updated at Jesearch would need be done to determine the best

rate equivalent to the real time in which the data were



candidate set of control events to share across multiple98/611/02, Department of Computer Science, University of
sessions. Calgary, Calgary, Alberta, Canada.

Changing requirements at the desktdpis envisioned [7] qujdauer, T, 199$l'he Troub!e with Computers: Usefulness,
that one very useful enhancement would be to modify Usapility and ProductivityCambridge, MA, MIT Press.
SMAT so that more display option changes could be made[®] Marcus, A. and A. van Dam, 1991, *User Interface
at the desktop. Currently, a general set of options is Developments for the Nineties”, Computer, Vol. 249, pp.49-57.

ided | M licati ific choi [9] Nielsen, J., 1993,Usability Engineering Boston, MA,
proviae at too start-up. ore app |cat|on-spe0| IC Cchoices Academic Press.

could be made available to the user at start-up.(10] Menon, J., 1997, “Collaborative Visualization and

Additionally, it is also possible to provide the user with the \odeling”, Proceedings of International Conference on Shape

capability to make some display configuration changes Modeling and Applications, pp.178-187.

during execution rather than just at start-up. [11] Pimentel, M.d. G., G.D. Abowd and Y. Ishiguro, 2000.
Handling of additional media typedn the future, we  “Linking by Interacting: A Paradigm for Authoring Hypertext”,

may have the need to handle different media types such a$roceedings of Hypertext 2000, Austin, TX.

video and audio. We will add support for these media types [12] Ranganathan, M., M. Bednarek, F. Pors and D. Montgomery,
as needed. 2000, “AGNI: A Multithreaded Middleware for Distributed

Intelligent merging of annotationsSMAT supports ~ Systems”, ' USENIX Tcl/Tk Conference, Austin, TX, pp. 11-
disconnected operations. This means that there could be gL
scenario where more than one user decides to annotate th-3] Ranganathan, M., M. Bednarek and Doug Montgomery,
experiment at the same time offset from the start of the data>0C0: ~Reliable Communication for Mobile Agents’, ‘Agent

. ._Systems and Architectures/Mobile Agents (AS/MA), ETH
and at the same time. Currently, we do not support this Zurich, Switzerland, (to appear),

!evel of annotation merging and this is clearly a feature that [14] Rippey, W. and J. Falco, 1997, “The NIST Automated Arc
is needed to make the tool robust. Welding Testbed”, Proceedings, Seventh International
Conference on Computer Technology in Welding.

[15] Roseman, 200@ttp://www.teamvave.com/
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