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Executive Summary

The Ontario Telepresence Project (OTP) was athree year, $4.8 million pre-competitive
research project whose mandate was to design and field trial advanced media space
systemsin avariety of workplacesin order to gain insights into key sociological and
engineering issues. The OTP, which ended December, 1994, was part of the International
Telepresence Project which linked Ontario researchers to counterparts in four European
nations. The Project’s magjor sponsor was the Province of Ontario through two of its
Centres of Excellence -- the Information Technology Research Centre (ITRC) and the
Telecommunications Research Institute of Ontario (TRIO).

The Ontario Telepresence Project, was atight partnership of academic and industry
researchers including faculty, students and professional staff from Engineering, Computer
Science, Psychology and Sociology from the University of Toronto and Carleton
University as well as staff located at Industry Partner sites. To gain first hand experience
with the media spaces being prototyped, all aspects of work were conducted without regard
for geographic location of the project participants. Experimental versions of a media space
system, employing a variety of communications protocols (including ATM) were used to
link collaborator’ s desk-tops and conference rooms. Versions of the systems prototyped
were also deployed at arms-length sites to study implementation issues from a sociological
and psychological aspect.

In al, the project levered $4.8 million in cash and in-kind resources over 3-years of which
amost $2 million (41%) was contributed by Ontario firms. Over the course of the three-
years, twelve industrial partner personnel received extensive training/experience through
day-to-day interaction in the advanced research laboratories of the project. Of the seven
Ontario firms actively partnered with the project, three were actively commercializing
products based, in part, on the insights gained through their partnership; Applied Silicon
International ("Video Vise"), Arnott Design Group ("Active Desk™), and Corel
Corporation ("Corel Video"). Details of these products, the scientific accomplishments and
the implications for future computer supported collaborative work products and services
are presented in the report.
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1. MANAGING DIRECTOR’S REPORT

Ron Riesenbach

1.1. MissION

The mission of the Ontario Telepresence Project was to conduct user-centered, pre-
competitive research into the design of computer/video supported collaborative work

systems - providing Industrial Partners with valuable outputs which they may use to
market new products and services.

1.2. PRrRoJecT OUTPUTS

The outputs of the project manifested themselvesin four ways (Figure 1-1):
1. Scientific Research Leadership
2. Technology Transfer from Academiato Industry
3. Professional Development of those affiliated with the project
4. Knowledge and lessons gained through field trials, prototypes and test-beds

Technology
Transfer

Field Trials &

Scientific
Infrastructure

Leadership

Human Resource
Developmen

Figure 1-1 Outputs of the Project
Performance measures for each of these four outputs are presented below and in the

sections of this document containing the reports of the Scientific director, Engineering
Director and Chief Social Scientist.
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1.3. BACKGROUND

The Ontario Telepresence Project spawned from a 1990 proposal from ITRC and TRIO
to Technology Ontario. The proposal called for the creation of a multi-disciplinary
project to explore the application of user-centred design techniques to Computer
Supported Collaborative Work.

Shortly after submitting the proposal, an opportunity arose to expand the scope of the
project by linking it with initiatives in four European countries (the “4-Motors of
Europe”). A conference was held in Toronto' with government and scientific delegates
from France, Germany, Spain and Italy were details of cooperation were outlined and
agreement in principle was reached to collaborate. Project funding ($2.6M) was approved
in the fall of 1991 and the project commenced on January 1, 1992.

1.4. MANAGEMENT

The Scientific Co-Directors of the project, at it’s inception were Bill Buxton, Computer
Science, University of Toronto and Dr. Morris Goldberg, Electrical Engineering,
University of Ottawa. Morris Goldberg resigned as Principle Investigator in April of
1992 to take a full-time position at Eurecom, in the south of France. Bill Buxton
remained the sole Scientific Director from that point on.

To provide managerial leadership, Ron Riesenbach was seconded from ITRC to assume the
role of Managing Director in February of 1991. Drs. Gale Moore and Gerald Karam were
brought in to oversee the Sociological and Engineering aspects of the project, respectively.

Financial, human-resource, industry/government interactions and other operational
decisions associated with the project were made by Ron Riesenbach. Scientific direction
and strategy were set by Bill Buxton. Policy was set by a committee chaired by the presi-
dent of ITRC President (John Chattoe), the president of TRIO (Peter Leach), the Manag-
ing Director (Ron Riesenbach) and the Scientific Director (Bill Buxton). Gerald Karam
(and prior to him, Morris Goldberg) had supervisory responsibilities for Ottawa staff and
facilities. Bill Buxton had supervisory responsibilities for Toronto technical staff.

1.5. STRUCTURE

The project was administratively organized around a set of linked contracts (Figure 1-2).
ITRC was*“prime” contractor with the province and assumed overall responsibility for
the performance of the project. TRIO was contracted to be the main sub-contractor. Each
of ITRC and TRIO then negotiated further sub-contracts with the University of Toronto,
the University of Ottawa and Carleton University. Industry partners negotiated contracts
with either ITRC or TRIO as appropriate for the kind of interaction they sought to pursue.
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Figure 1-2 Contractual Structure

1.6. STAFFING AND FACILITIES

Research was conducted at a number of sitesin Toronto and Ottawa:

» Computer Systems Research Institute (CSRI) and Faculty of Sociology,
University of Toronto - 4.5 full time equivalent staff positions as well as the
offices of the Managing Director, the Scientific Director, 5 affiliated faculty
and their graduate students and laboratories'.

» Ottawa Engineering Group (OEG) located at Hewlett-Packard - Queensview
Drive, Ottawa- 4 5 full time equivalent staff occupying 3600 sg. feet of
laboratory space.

» Electrical Engineering, University of Ottawa - Dr. Morris Goldberg and Dr.
Ahmed Karamoush maintained offices and research activities which supported
anumber graduate students and facilities'

* Department of Psychology and Department Of Systems and Computer
Engineering, Carleton University - Dr. Richard Dillon and Dr. Gerald Karam
maintained offices, graduate students and facilities in these two Departments”.

* Bell Ontario Network Services, Trinity Square —Mr. Ken Schuyler, Bell’s
representative to the project in 1993, maintained an installation of prototype
Telepresence equipment in his office for local experimentation and research.

The sites with the largest complement of research staff were CSRI and OEG. The OEG
staff consisted primarily of systems engineers while the CSRI staff consisted primarily of
applications developers. Initially, all Ottawa research staff reported to Morris Goldberg
(and later, Gerald Karam) while all Toronto research staff reported to Bill Buxtonv.

To accommodate the distribution of researchers over a number of sites, project staff
rapidly prototyped and deployed an advanced communications infrastructure — the
Telepresence Media Space (TMS)". Once the TMS wasin place (late 1992), reporting
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structures were adjusted so that staff were organized along research areas (Field Studies,
Engineering and Applications) regardless of their geographic location (Figure 1-3).

Participating Faculty
Marilyn Mantei, Comp. Sci, UofT

Mark Chignell, Ind. Eng., UofT
Ron Baecker, Comp. Sci, UofT
Dick Dillon, Psych., Carleton . .
Barry Wellman, Soc. Sci., UofT

Janet Salaff, Soc. Sci., UofT Fl el d Stu d Ies
Ahmed Karmoush, EE., UofOttawa

Tabatha Holtz

Plus 16 MSc and PhD students
Plus Visiting Scientists

Engi

Prof. Staff
Tom Milligan
Ross Jacobs
JingPing Xie
Chris Passier
Tracy Narine

ications

Prof. Staff
Garry Beirne
Dominic Richens
Thomas Strotte
Russell Owen(pt)

Figure 1-3 Three Research Areas

1.7 . SCIENTIFIC LEADERSHIP

The project distinguished itself as aworld focal point of research and practical experience
in advanced systems and methodologies for the support of time/space separated
collaborating groups. New models for the design and implementation of collaborative
work environments were developed including the notion of Ubiquitous Media - new
framework for human-centred distance collaboration system design.

New software architectures were designed, built, deployed and studied in arms-length
work environments. The Telepresence Media Space and the Network Software Infra-
structure (NSI) were the foundations of many of the prototypes built and studied. The
NSI was the first novel use of ITU Generic Conference Control model - an emerging
standard of the world telecommunications body. The project’ s software/systems are cur-
rently in usein 12 advanced research labs Internationally including Xerox Rochester and
PARC laboratories, USA; Univerisity of Flinder, Austrailia; Eurecom University of Paris
— SUD, France; CEFRIEL, Italy; UBC andU. Calgary, Canada and IRPEACS/INRS,
France.

While many groups around the world were building laboratory prototypes. the Ontario
Telepresence Project was the only group in the world conducting systematic arms-length
studies of the effect of media-space systems on organizations. The studiesincluded an ex-
amination of the sociological and organizational impacts of group collaboration systems.

Distance education experiments were aso conducted. The Ontario Telepresence Project
conducted the world’ sfirst Transatlantic graduate-level course taught through advanced
video/data conference systems (1993) in alink between Toronto, Ottawa and Eurecom in
the south of France.

The project’ s scientific output, as measured by scholarly publications and information
dissemination, is given in Figure 1-4:
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Figure 1-4 Scientific Output Measures

Details on the Scientific outputs of the project and on the Field Trial results are presented
in the following three sections of this report.

1.8. INDUSTRY PARTNERSHIP AND TECHNOLOGY TRANSFER

The Ontario Telepresence Project was a partnership between academic researchers and a
number of Ontario-based companies to share knowledge and technol ogies gained through
the course of the research. There was a commitment by the Project and the companiesto
support each other'sinterestsin the research. Firmsjoining the Project were called
“Industrial Partners’ according to the definition in the “ International Strategic
Framework” document struck in negotiations with the Four Motors.

OTP was unique in the way that it orchestrated collaboration between academic and
industry participants. A precondition to industrial participation in OTP was that all
Industry Partners commit people to the Project in addition to cash and other in-kind
support. Experience has shown that technology transfer between academic researchers
and industry professionals happens best through an ongoing process of bi-directional
interchange and learning. Project management firmly believed that it was through the
active participation of individuals from partner firms that company-specific benefits can
be identified and extracted from the on-going work.

The benefits of partnership are shown in Figure 1-5.
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BENEFITSAVAILABLE TO INDUSTRIAL PARTNERS

1. Education, Information and Expertise
»  Bi-directiona exchange of know how through active participation
*  Personnel attend, participate and report on all key conferences world-wide
»  Project attracts visits by world’ s leading experts
*  Regular seminar series and working group meetings
»  Early accessto scientific publications, journals and technical report series
*  Annud report, annual general meeting
»  Relationship with European Partners provides intelligence about world-wide activities
*  Video, computer & paper library of key internal and external research work and results
2. Demonstrations of and Experimentation with Advanced Systems
»  Dedicated demonstration facilities at Uof T and OEG for prototyping of new systems
»  Field trials provide hands-on experience with advanced products & prototypes
3. Technology Acquisition, Intellectual Property
* Intellectual property policy enabling and encouraging technology transfer to Partners
*  Build prototypes and deploy in Industry Partner sites
4. Access to Experts
*  Recruitment of graduating Masters and PhD students in Industry partner sites
*  Opportunity to involve leading academics in industry lead projects
5. Alliance with European and Industrial Partners
»  Build business alliances with other Partners having complementary skills

Figure 1-5 Industrial Partnership Benefits

Some Industry Partners chose to have their researchers reside on campus with the univer-
sity researchers. Others chose to equip company resident researchers with Telepresence
prototype systems to enable collaboration to take place with their employees remaining at
their home offices. At it's conclusion in 1994, the project had seven industrial partners

Industrial Partnersas of Dec. 31, 1994 Other Contributing Firms
1. Applied Silicon, International, Ottawa | Adcom Electronics Ltd Newbridge Networks Corp.
2. Arnott Design Group, Toronto 3-D Interactive Tech. Nippon Tele. & Teleg
3. Bell Canada, Toronto Alias Research, Inc. Sun Computers
4. Corel Corporation, Ottawa Apple Computers Hitachi Corporation
5. Hewlett Packard, Toronto Bell Northern Res. Worldlinx/MediaLinx
6. Object Technology International, Ottawa | Digital Network Services ~ IBM Canada L abs”
7. Xerox Corp., Toronto and Palo Alto, Ca. | Dave Dunfield & Assoc

and 12 other firms who contributed to and benefited from the research (Figure 1-6):

Figure 1-6 Industrial Partners and Other Contributing Firms
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The strategy for technology transfer followed the rational that firms will have the most
success adopting outputs which were based on sound theoretical foundations, prototyped,
deployed and whose utility was demonstrated. The project did not restrict the definition
of outputs to software and hardware. Significant outputs of the project included trained
graduate students, methodologies for technology introduction and adoption in organiza-
tions, education, field trail results and other non-tangible but highly valuable outputs.
Figure 1-7 pictorially shows the strategy and process of technology transfer used in the
Ontario Telepresence Project.

Methodologies
Technologies
Insights
Techniques
Processes
Human Resources
Prototypes

Commercialization |—>

4/4

AAA A A Af

Prototype Refinement and Engineering

AAAd A AAAAA

I I I I B Years
1 2 3

Figure 1-7 Technology Transfer Strategy

Industrial Partners contributed cash, equipment, facilities and people to the research
effort. Over the 3-years of the project, these totaled $1,996,200 of which about $300,000
was cash and the rest in-kind. The firms representative(s) took an active rolein the
research activities by negotiating the terms of participation, deliverables, time-frames,
and the division of responsibilities amongst the participants. The Intellectual Property
framework used was one of open sharing of research results tempered by special non-
disclosure agreements were necessary.

By the end of 1994, 3 Industrial Partners were in advanced development of products
stimulated buy their interaction with the project. These were:

1.8.1. Arnott Design Group —“Active Desk”

The Active Desk is a hardware platform designed jointly by the Ontario Telepresence
Project and th Arnott Design Group of Toronto. The Active Desk is essentially alarge
electronic drafting table. It employs a 100x66 c.m. rear projection display. One interacts
with the system with a high-resolution stylus (4000x4000 points resolution), or a
keyboard. This novel user-interface device hides technology behind the familiar furnature
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artifact of adrafting table. Industrial design has been used to strong effect to render the
technology transparent to the task. In essence, there is no desktop computer and no
desktop metaphor. The desktop is the computer.

At the end of 1994, John Arnott, President of th arnott Design Group, was under a
contract with Alias Research corporation to build a more refined prototype of the desk for
internal trials and expimentation. Aswell, in late 1994, Mr. Arnott was putting together
the financing and business plans to take this prototype, and others designed for the
Ontario Telepresence Project commerical. More detailed descriptn of hte prototypeis
presented in the section titled “ Scientific Director’s Report”.

1.8.2. Corel Corporation —“CorelVideo”

On March 2, 1995, Michael Copland, President of Corel Corporation, formally
announced the new product “Corel Video”. This new product, which will be widely
availible in the summer of 1995, is based in large part on the architecture of TMS -- the
prototype system pioneered by Ontario Telepresence Project. Corel Video will put full-
motion, full-color video on the desktop for under $2000 US. The product consists of a
mixture of software, communications hardware and video hardware to do this. The
feature list includes:

. Desk-to-desk direct calling, both within the building, and through the public
switched network

. Multi-party connections
. Flexible phone books
. Full motion, full color video for inside calls

Corel’ s system works under Windows in using a point-and-click approach to person-to-
person connections. The system is built on the video PBX model using analog phone
lines; there is also a broadcast channel and a*“window” channel. All of these features
were adopted from TMS.

Insight into successful designs of desk-top videoconferencing systems was transfered to
Corel through intense consultations between Telepresence staff, professors and students
and Corel marketing, engineering and executive personel. This interchange included
multiple day-long design sessions, experience reviews and design critiques as well as on-
site demonstrations and the transfer of technical documentation.

Information on Corel Video is presented in Appendix 1.

1.8.3. Applied Silicon International —“Video Vise”

ASl and OTP worked together intensely in the spring/summer of 1994 to exchange
hardware/software and system design expertise in a program of prototyping and
evaluation of video systems to support group collaboration. Members of OTP' s Ottawa-
based team worked side-by-side with AS| staff to transfer designs specifications and
prototype software assisting them in reaching an important product delivery milestone.

The result of this collaboration was that launching of ASI’s Video Vise —a PC based
systems capable of continual logging of video datafrom one or may camera sources. It
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provides the ability to capture, digitize and compress real-time video images for
processing, storage and transmission purposes. Some typical applications include remote
monitoring and playback capability for:

*  Security and surveillance

* Media Imaging

* Road Traffic Management

e Quality Control

Asaresult of this collaboration, ASl was able to deliver engineering prototypes of this
advanced communications system to Newbridge Networks Corp. in time for integration
into that companies product lines. The Newbridge product, which incorporates the Video
Vise, iscaled 2611 Main Street. Information on these two productsis available in the
Appendix 1.

1.9. FOurR-MOTORS INTERACTION

Collaboration with the 4-Motors scientists consisted of an exchange of information,
software components, and researchers. The four Motors scientific partners were primarily
concerned with the application of Telepresence technology to distance education and
tele-medicine. This collaboration established an international research network with the
Ontario Telepresence Project as Ontario’ s representative (Figure 1-10).

Interactions among the five regions were governed by an International Memorandum of
Understanding which was negotiated by a steering committee consisting of a government
representative from each region together with a senior scientist involved in the work. The
Memorandum of Understanding included the details of the agreed Intellectual Property
framework and dispute resolution mechanisms. A committee of researchers was aso
formed to coordinate the scientific direction and information exchanges among partners.

)

Hardware, software, people, knowledge

gl

!

I I Rhone-Alpes, France: Neurope Labs/IRPEACS

.! Ontario, Canada: ITRC/TRIO
! L Baden-Wurtemburg, Germany: Application Lab

=== Catalunya, Spain: U.D.LA.T.

I I Lombardia, Italy: CEFRIEL

Figure 1-10 International Telepresence Project

Since each region was individually funded and mandated, it was difficult to coordinated
and consolidate work being done into a cohesive program. Instead, aloose-collaboration
model emerged with bi-lateral experiments and exchanges asit’s central model of
operation.

The bi-lateral exchanges the Ontario Telepresence Project had with it’s Four Motors
collaborators are given below:
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1.9.1. Interactionswith Catelunya

The Barcelona project coincided with the start of OTP. Their area of interest isin medical
applications particularly tele-radiology. Dr. Morris Goldberg’s IRIS project (in coopera-
tion with BNR/ Northern Telecom), was a source of much inspiration to their work. A
large-scale visits by Catalonians to Ottawa was arranged in November of 1991. This
included a series of interviews with technical and medical staff at Ottawa Civic and as a
result, the Catal onians adopted many of the approaches pioneered in thiswork. Dr.
Goldberg' s specifications were in fact used in the multi-media radiological communica-
tions system they have developed and the user interface design was also adopted and
extended to included video communications. In early 1993, atransfer took place of the
entire documentation set from the IRIS project to Catal onian researchers.

A document repository was created on a computer in Barcelonato which al regions have
access for drop-off and pick-up of documentation relating to each others projects.

1.9.2. Interactions with Rhone Alpes

Throughout the first two years of OTP, there was an intense consultative relationship
(through Morris Goldberg) in project definition and review of proposals. Over half a
dozen meetings and working visits on a number of topicsincluding joint research
opportunities in tele-education have taken place. This consultation resulted in the
successful funding of the Rhone Alpes project in the spring of 1993.

In Jduly, 1993, Drs. Mantei and Dillon participated in the Eurecom/Carleton/Uof T tele-
teaching experiment which saw the Canadian researchersinstruct a series of classes at the
French university by remote visual and computer presence.

Claire Belisle, asenior researcher at IRPEACS research centre in Rhone Alpes has
partnered with Morris Goldberg to evaluate Telepresence software in atele-teaching
application. A three-day experiment (trial) resulted which involved the first transborder
ATM service in Europe was the result. The Ontario Telepresence Project “I11F’ server
was a central server in this environment. Thiswasthefirst use of 111Fin adigital
environment and provided us with valuable insights. "Timelines" (software developed in-
part by Telepresence) was used to evaluate the video-tape collected at the trial.

1.9.3. Interactions with Baden Wurtemburg

A number of visit by various German ministers took place throughout 1992/93 to OTP
sites. Because of internal funding problems, no significant scientific contacts were
established although several opportunities were explored over the years.

1.9.4. Interactionswith Lombardia

Lombardia, also interested in tele-medicine applications, sent a 7-person delegation
(including a cardiac surgeon) to Ontario in 1992 to learn from our experiencesin the IRIS
project and in Telepresence.

Software and documentation from the Cardiology Workstation project (URIF, Bell,
Ottawa Heart institute) was transferred to them. Cefriel re-implemented the software on
SUN computers as a prototype to show local doctors (at the Brecia Hospital) the potential
functionality of the system they hoped to build. Dr. Morris Goldberg and Dominic
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Richens (atechnical person attached to the Ottawa Engineering Group of OTP) acted as
consultants during the Lombardy re-devel opment.

Morris Goldberg was asked to consult to CEFRIEL on their Telepresence Project pro-
posal to the Lombardy government. He visited with them several timesincluding asite
visit to the Hospital of Breciawhere the trials were sated to take place. At this site visit,
he met with Chief of Staff, Chief of Radiology and Chief of Cardiology. Partly as aresult
of these consultations, Cefriel was successful init’s funding proposal to the Region of
Lombardia.

From July to Sept., 1993, Luca Giachino, aresearcher with Cefriel, visited with the Uof T
Telepresence group. His stay was arranged under the International Strategic Framework.
Heresided at the Uof T and undertook various research activities of mutual interest. He
created severa software prototypes, some of which are still undergoing refinement under
the direction of Bill Buxton.

In July of 1994, a software package was transferred from the Uof T to Cefriel under the
International Strategic Framework. The package, VANNA - Video Annotation and
Analysis System, is a system for video annotation or "coding" video tapes. It is software
that runs on Apple MACINTOSH computers which controlsaVCR providing the user
with the ability to associate text or tags with particular segments of the tape.

Stemming from these interactions, a proposal was put forward by Cefriel to it’s funding
agencies that would see "Telepresence” research become a part of Cefriel’s mandated
research and not simply an externally funded research project. At the writing of this
report, it is unknown whether this proposal was accepted or not.

In November of 1993 aformal presentation of the first prototype tele-medicine system
was made to hospital staff, Italian Minister of Health and senior bureaucrats to get
approval of funding for the second phase. Dr. Goldberg was requested to attend to
support the presentation.

1.10. HumAaN RESOURCE DEVELOPMENT

Over the course of the three-years, twelve industrial partner personnel received extensive
training/experience through day-to-day interaction in the advanced research laboratories
of the project. Five of these twelve were resident on-site full-time for periods varying
between 4-months and 14-months. The other seven were either resident for shorter peri-
ods (3-months or less) or maintained their base-of operations at their company work-site.

Eight full-time and one part-time professional research staff were dedicated to the
project. In addition, 3 other computer professionals were employed as contractors at
varioustimes. These staffers participated in all mgjor international Scientific/Industry
conferences in the field. The staffers supported nine faculty members and approximately
16 graduate students/year building and sustaining a state-of-the-art research environment
in Toronto and Ottawa. The staff worked closely with industrial partners during the
course of the project, and, at it conclusion, most of them moved over to positions with
affiliated firms. Seven staff alumni are now working in Ontario firms—3 BNR, 1 Alias
Research, 1 Newbridge Networks and two have formed independent start-up companies.

16 Graduate students were directly involved in the project. Of the seven graduates that
completed by December, 1994, six are now working in related industries including:

» Gordon Kurtenbach, Director of User Interface Design, Alias Research
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» Michael Sheasby, Director of User Interface, Softlmage

1.11. INFORMATION DISSEMINATION

The project was hugely successful at disseminating the results of it’s work. Through an
energetic communications program, the project featured prominently in scholarly
publications, trade journals, public press, television, radio and at mgjor trade shows and
events.

Figure 1-11 provides a three-year synopsis of media-hits, programs and information
dissemination measures resulting from Ontario Telepresence Project activities:

Media Hits, Programs and I nfor mation Dissemination M easur es
55+ publications in refereed Journals or conferences

30 Technical reports and non-refereed publications

25 Popular Newspaper & Magazine articles (including Globe& Mail
Toronto Star, Financial Times, Canadian Bus., Byte)

6 TV spots (including CTV Towards 2000, CBC Prime Time, CNN)
105 industry demonstrations/tours (25-1992, 45-1993, 35-Q3/94)
500 Information packages & 2,400 colour brochures distributed

69 feature presentations at major industrial gatherings

18 Video tapes produced featuring Telepresence research

WWW Site providing on-line access to documents, photos, etc.
Annual General Meeting

Figure 1-11 Information Dissemination

1.12. FINANCIAL RESOURCES

Figure 1-12 provides a detailed annual break-down of cash revenue and other resources
employed during the course of the project. In all, the project levered $4.8 million in cash
and in-kind resources over 3-years of which almost $2 million (41%) was contributed by
Ontario firms.
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Figure 1-12 Resource Contributions

1.13. CONCLUSIONS

The Ontario Telepresence Project was a $4.8M 3-year R& D project that demonstrated
world leadership in both user-centered design and deployment methodol ogies of CSCW

systems. It’

sinter-disciplinary and university-industry research program made hugein-

roads scientifically while linking to similar projectsin the four-Motors regions of Europe.
Seven Ontario firms actively partnered with the project leading to direct
commercialization in three cases.

Through it’

s support of the Ontario Telepresence Project, the Province of Ontario

achieved the following:

Demonstrated scientific leadership in embracing technol ogical/organizational
innovation to improve coordination between geographically distributed workers

Stimul ated partnerships between Ontario-based firms and establish new markets
by creating new technologies and testing them in arms-length work
environments.

Supported and encourage spin-offs from world-class research taking place at it's
universities

Levered initiatives in broad-band networks (OCRINET, etc.) by spawning
market leading applications which can run on these networks.

Maintained and extended Ontario profile in the Four Motors by demonstrating
the technological leadership of it s universities and firms.

' “Interregion ‘90", hosted by Premier David Peterson.
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I Aswell, a full-time administrative assistant was hired and housed at the University of Toronto to support
the Managing Director

" Dr. Karamoush was only peripherally involved with the project in it’sfirst year. Dr. Goldberg left the
University of Ottawa early in 1992

v Inthefall of 1994, the Ottawa Engineering Group offices at Hewlett Packard were moved to the
Department Of Systems and Computer Engineering at Carleton to enable the ATM trial to be launched and
supported.

Y The Managing Director and the Scientific Director report to the President of ITRC, while the Director of
Engineering reported to the President of TRIO.

v The architectural approach used in the Telepresence Media Space was adopted by Corel — one of the
Industrial Partners —and commercially exploited in 1995.

Vi IBM Canada Labs was an industrial partner from January, 1992 until February 1993. Mr. Rich Helms
resided on-campus for 14-months contributing greatly to the definition of the research architecture. IBM
Canada L abs was forced to withdraw from participation in the project due to re-focusing of their world-
product mandates away from telecommunications and group collaboration systems.
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2. Scientific Director’s Report:
Living in Augmented Reality

Bill Buxton
Scientific Director
Ontario Telepresence Project

University of Toronto
6 King’s College Rd.
Toronto, Ontario

Introduction

In 1991, Mark Weiser, of Xerox PARC, published an
article that outlined a vision of the next generation of
computation (Weiser, 1991). He referred to this model
as Ubiquitous Computing, or UbiComp. UbiComp was
based on the notion that it is inappropriate to channel
all of one's computational activities through a single
computer or workstation. Rather, Weiser argued that
access to computational services should be delivered
through a number of different devices, each of whose
design and location was tailored to support a particular
task or set of tasks. It is on this notion of delivering
computational services throughout our work, play and
living spaces, that the ubiquity in the name is based.

In addition to ubiquity, UbiComp assumes that the
delivery of computation should be transparent. There
is a seeming paradox that arises between the principle
of ubiquity and that of transparency. The resolution of
this paradox, through the use of examples, will

Figure 1: Xerox PARCtab:
A palm-sized device to support computation, communication and
location One of the expanded repertoire of computational
resour ces offered by UbiComp. (Photo Credit: Xerox PARC)

Alias Research Inc.
110 Richmond St. East

constitute a significant part of what follows.

Around the same time that Weiser and his colleagues
were developing the ideas that were to emerge as
UbiComp, others down the hall at Xerox PARC were
developing video-based extensions to physical
architecture, so-called Mediaspaces (Bly, Harrison &
Irwin, 1993). These were systems through which
people in remote offices, buildings, and even cities,
could work together as if they were in the same
architectural space. While prototypes, these systems
enabled one to work side by side at one's desk with
someone in aremote location. You could call out of
your door and ask "Has anyone seen Sara?" without
thinking about whether the answer would come from
Portland, Oregon or Palo Alto, California. Nor did it
matter at which of these two centres either you or Sara
were at. The technology supported a sense of shared
presence and communal social space which was
independent of geographical location. The result can
perhaps best be described as a social prosthesis that
afforded support of the links that hold together a
social network — links which are typically only
maintainable in same-place activities.

While reading Weiser's paper gave no hint of the
activities of the Mediaspace group, and vice versa,
| increasingly began to see the projects as two sides
of the same coin. Consequently, | directed the
Ontario Telepresence Project research program to
apply the tenets of UbiComp to the mediaspace
technology. Just as in UbiComp it is deemed
inappropriate to channel all of your computational
activity through a single workstation, so in
Ubiquitous Video (UbiVid)) is it inappropriate to
channel all of your communications through a single
"video station" (viz., camera, video monitor,
microphone, loudspeaker). Asin UbiComp, these
technologies are deployed in the locations, scales
and forms appropriate to their intended function.
And while ubiquitous, access to the services of
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Figure 2:

these communications technologies must also be
transparent.

UbiComp and UbiVid — let us call them collectively
Ubiquitous Media — represent an approach to design
which is radically different than that seen in today's
multimedia workstations.  In current designs, all
activities are centred around a single multipurpose
device. Ubiquitous Media, on the other hand, is an
architectural concept in that it is concerned with
conventions of traditional location-function-distance
relationships. Ubiquitous Media says that the box into
which we try to fit our solutions is not some box or
"super appliance" on the desk; rather, it isthe desk
itself, or the room, or building, in which the desk is
found.

By way of another contrast, Ubiquitous Media can also
be understood in relation to Artificial Reality. Rather
than turning inward into an artificial world, Ubiquitous
Media, encourage us to look outward. It expands our
perception and interaction in the physical world. (For
example, in the attempt to find Sara, consider the
augmentation of the social space to include the
physical space of both Palo Alto and Portland. The
augmentation was socially transparent. There was no
"user interface" other than that used in conventional
architecture: one just called blindly out the door.) In
contrast to "virtual" or "artificial" reality, we consider
our use of Ubiquitous Media as Augmented Reality
(Wellner, Mackay, & Gold, 1993).

Shared Open Office via Mediaspace
Here, Randall Smith and Steve Harrison collaborate in a shared office environment  gttributes:
despite their geographical separation. (Photo Credit: Xerox PARC)

In what follows, | discuss our
experience living in such an
environment over the past seven
years (3 with OTP, and preceeding
this, with Xerox PARC). From this
experience emerge insights that we
believe have important implications
to the future deployment of media
— insights that we feel are doubly
important in this period of
technology convergence, especially
since they are derived from actual
experience, rather than theoretical
speculation.

UbiComp: A Brief
Overview

Introduction
As described by Weiser, UbiComp
can be characterized by two main

 Ubiquity: Interactions are not
channeled through a single workstation. Access to
computation is "everywhere." For example, in one's
office there would be 10's of computers, displays,
etc. These would range from watch sized Tabs,
through notebook sized Pads, to whiteboard sized
Boards. All would be networked. Wireless networks
would be widely available to support mobile and
remote access.

e Transparency: Thistechnology is non intrusive and
isasinvisible and as integrated into the general
ecology of the home or work place as, for example, a
desk, chair, or book.

These two attributes present an apparent paradox: how
can something be everywhere yet be invisible?
Resolving this paradox leads us to the essence of the
underlying idea. It isnot that one cannot see (hear or
touch) the technology; rather, that its presence does
not intrude into the environment of the workplace
(either in terms of physical space or the activities
being performed). Like the conventional technology of
the workplace (architecture and furniture, for
example), itsuseis clear, and its physical instantiation
is tailored specifically for the space and the function
for which it isintended. Central to UbiComp is a
break from the "Henry Ford" model of computation
which can be paraphrased as;

You can haveit in any form you want aslong asit hasa
mouse, keyboard and display.

Fitting the square peg of the breadth of real needs and
applications into the round hole of conventional
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(Photo Credit: Xerox PARC)

designs, such as the GUI, has no place in the UbiComp
model.

Technology Warms Up

We can most easily place Weiser's model of
computation in historical perspective by the use of an
analogy with heating systems. In earliest times,
architecture (at least in cold climates) was dominated
by the need to contain heat. Special structures were
built to contain an open fire without burning down.
Likewise, in the early days, special structures were
built to house computation. These were known as
"computer centres."

As architecture progressed, buildings were constructed
where fires were contained in fireplaces, thereby
permitting heat in more than one room. Nevertheless,
only special rooms had fire since having a fireplace
required adjacency to a chimney. Similarly, the next
generation of computation was available in rooms
outside of computer centres; however, these had to
have special electrical cabling and air conditioning.
Therefore, computation was still restricted to special
"computer rooms."

Figure 3: Xerox Liveboard and PARCpads
The photo shows two other components of UbiComp: a wall-sized interactive surface,
called a "Liveboard" and lap-sized interactive pen-based displays called PARCpads.

In the next generation of
heating system, we moved to
Franklin stoves and even to
radiators. Now we could have
heat in every room. This
required the "plumbing" to
distribute the system, however.
The intrusion of this
"plumbing" into the living
space was viewed as a small
price to pay for distributed
access to heat. Again, thisis
not unlike the next generation
of computation, (the
generation in which we are
now living), where we have
access to distributed
computation everywhere, as
long as we are connected to
the "plumbing" infrastructure.
And like the heating system,
this implies both an intrusion
into the space and an "anchor"
that limits mobility.

This leads us to the next
(today's) generation of heating
system: climate control.
Here, all aspects of the interior
climate (heat, air
conditioning, humidity, etc.) is
controllable on a room-by-
room basis. What actually provides thisisinvisible
and is likely unknown (heat-pump, gas, ail,
electricity?). All that we have in the space is a control
that lets us tailor the climate to our individua
preference. Thisis the heating equivalent of UbiComp:
the service is ubiquitous, yet the delivery isinvisible.
In this mature phase, the technology is seamlessly
integrated into the architecture of the workplace.

By analogy, within the UbiComp model, there is no
computer on my desk because my desktop is my
computer. Astoday, there is alarge white board on my
wall, but with UbiComp, it is active, and can be linked
to yours, which may be 3000 km away. What | seeis
way less technology. What | get is way less intrusion
(noise, heat, etc.) and way more functionality and
convenience. And with my Pads and Tabs, and the
wireless networks that they employ, | also get far more
mobility without becoming a computational "orphan.”
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Figure 4: My Office Layout:
People visiting electronically can assume one of three
locations (A, B or C). Location"A" on my desk is for
close one-on-onework. Location "B" is above the door.
This affords people glancing into my office without
disturbing me and, on entering, making a gradual
approach froma distance. Location"C" isa virtual seat
around the coffee table. This affords the remote person
to participate in informal round-table conversations.

Mediaspaces and Ubiquitous
Video

Introduction

UbiVid is the video compliment to UbiComp in that it
shares the twin properties of ubiquity and transparency.
In "desktop videoconferencing," as it is generally
practiced, what we typically see is a user at a desk
talking to someone on a monitor that has a video
camera placed on top. Thisisillustrated in Figure 2.
Generally, the video interactions are confined to this

single camera-monitor pair.

In UbiVid, we break out of this, just as UbiComp
breaks out of focusing all computer-mediated activity
on a single desk-top computer. Instead, the assumption
is that there are a range of video cameras and monitors
in the workspace, and that all are available. By having
video input and output available in different sizes and
locations, we enable the most important concept
underlying UbiVid: exploiting the relationship between
(social) function and architectural space.

In what follows, we explore the significance of this
relationship. We start by articulating some of the
underlying design principles, and then proceed to work
through a number of examples.

Design Principle 1: Preserve function/location
relations for both tele and local activities.

Design Principle 2: Treat electronic and physical
"presences’ or visitors the same.

Design Principle 3: Use same social protocols for
electronic and physical social interactions.

Example: My Office

Let us work through an example to illustrate how these
principles apply in a specific context, namely my
office. A floor-plan of my officeisillustrated in Figure
4.

Thereis adesk where | work and a coffee table, around
which | have small informal meetings. There are five
chairs, one of which is normally behind my desk. The
others are around the coffee table. There are three
distinct locations where remote visitors can appear. If
they we working closely one-on-one, they appear on
my desk. (Thisis shown aslocation "A" in Figure 4.)
Here, they appear right beside my computer screen
(which might contain information that we are both

Figure 5: Close Collaboration at the Desktop
Here we see the author engaged in a face-to-face collaboration with a colleague Gale Moore. Through
the close proximity of each participant's video display to their computer display, a shared presence of
both person and shared document is provided. The interaction here is akin to same place intimate side-by-
side work at the desk.



and distance, they don't
intrude on my meeting. If |
want, | can glance up and
discretely determine who is
there. If it is someone that |
don't want to speak to at the
moment, | can then glance
down and continue my
meeting. The person at the
door is aware that | know of
their presence, and by my
action, they know that | can't
see them at the moment. On
the other hand, if it is
someone who could
contribute to the meeting, |
invite them in. Finally, if it
is someone that | know needs
urgent attention, |  will
suspend the meeting and deal
with the issue (hopefully
briefly).

While some may claim that
this additional technology is
superfluous or an added
"luxury", we believe that it
may well make the difference
between success and failure

of a system. We can
(a) (b) illustrate  this ~ with  an
Figure 6: Interactions at the Door example. 1n 1993/4, Hiroshi

When someone comes to my office, they come via the door, whether they come physically
or electronically. Thisisshowninthefigures. Figure 6.a illustrates my assistant Tabatha
Holtz having a temporary conversation from my doorway. Figure 6.billustratesthe
electronic equivalent. Regardless of how she comes, conventions of social distance and

approach are respected.

viewing simultaneously). An example of this type of
meeting isillustrated in Figure 5.

If someone wants to glance into my office to see if |
am available, they can do so from the door (location
"B" in Figure 4), whether they come physically or
electronically. A camera mounted above the door
gives them approximately the same view that they
would have if they were glancing through my physical
door. Thisisillustrated in Figure 6. | can see who is
"at the door" on a small monitor mounted by the
camera, and — as in the physical world — | can hear
their approach by means of an auditory icon, or earcon.

Likewise, when I'm engaged in a meeting in my office,
if someone comes by the door to see if I'm available,
this same arrangement provides me with the same
options regardless of whether the person comes
electronically or physically. | can ignore them if |
don't want to be interrupted, and due to their position

Ishii visited us from NTT for
ayear. When he first came,
this "door cam" was not
deployed. After he had been
with the project for a while,
he explained to me that when
he firss came he was
reluctant to use the system to contact me because he
felt that it was rude to just "arrive" on my desktop. His
reasons were partially due to not knowing me that well
at the time, and partially out of "respect" for my
position as director of the project. To him, the distance
and means of approach afforded by the "door-cam” was
an important affordance to his making effective use of
the system. Our claim is that the need for such social
sensitivitiesis not rare.

In addition to working at my desk and interactions at
the door, there is a third location-sensitive function that
takes place in my office: informal meetings. These
normally take place around the round coffee table, and
may involve up to five or six people. Frequently these
include a participant from a remote site. In order to
enable them to do so from an appropriate location, a
special "seat" is reserved for them around the table.
Thisislocated in position "C" in Figure 4, and is
shownin Figure 7.



Figure 7: Informal Meetings
Here, a group of colleagues are having an informal
meeting in my office. Oneis attending from a remote site.
All take their place around the table, regardless. The
video "surrogate” affords the remote party to have a
sense of gaze awareness much like the other
participants.

By appearing in a distinct and appropriate location,
participants physically in my office are able to direct
their gaze at the remote participant just asif they were
physically present. Likewise, the remote participant

Figure 8: Back-to-Front Videoconference
The remote attendee takes his place at the table by means of a video monitor
mounted by the back wall. He sees through the camera above, hearsvia a
microphone, and speaks through his monitor's loudspeaker. The presenter
interacts in the same way with those attending physically and those attending
electronically. No new skills are required.

has a sense of gaze awareness, that is, who is looking
at whom, and when. The reason is that the remote
participant has a physical presence in the room — a
presence afforded by the location of the video
surrogate through which they communicate.

In our discussion, we have mainly dealt with social
function and distance in relation to fixed locations.
These are issues, however, which normally have a
strong dynamic component. People move. In so doing,
functions change. In thisregard, our system is still
lacking. One can move from location to location
within the room, but the transitions are awkward. This
is an area that needs improvement. But before one can
work on movement, one has to have places to move to.
This has been our main focus to date.

Having lived in this environment in this form for almost
two years, perhaps the most striking thing is a seeming
paradox. By adding this extra equipment into the
room, there actually appears to be less technology and
far less intrusion of the technology in the social
interactions that it mediates. Our argument is that this
is due to the technology being in the appropriate
locations for the tasks undertaken in the room. In a
single desk-top solution, for example, one would be
twisting the camera and monitor from the desk to the
coffee table when switching between desk-top and
group meetings. Aswell, due to the multiple cameras
and monitors, we avoid the contention for resources
that would otherwise result. For example, | can bein a
desk-top conference on one monitor, monitor a video
which | am copying on another, and still
not prevent someone from appearing at
my electronic door.

As we have pointed out in the examples
above, through increased ubiquity, we
have achieved increased transparency.
This last point is achieved, however,
only through the appropriate distribution
of the technology — distribution whose
foundations are the social conventions
and mores of architectural
| ocation/distance/function relationships.

Example: Back-to-Front
Videoconferencing

Another example of using spatialy
distributed video is the implementation
of "back-to-front" videoconferencing at
the University of Toronto. In contrast to
traditional videoconferencing rooms, the
camera and monitors are placed at the
back of the room, as illustrated in
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Figure 9: Hydra: Using video "surrogates" to support a 4-way video conference
Figure (a) shows Abi Sellen in a 4-way video conference where each of the three remote participants
attends via a video "surrogate." By preserving the "round-table" relationshipsillustrated in (b),
conversational acts found in face-to-face meetings, such as gaze awareness, head turning, etc.. are

preserved.

Figure 81 The intent here is to enable remote
participants to "take their place at the table."

The scenario shown in the figure illustrates the notion
of transparency. Due to the maintenance of audio and
video reciprocity, coupled with maintaining "personal
space," the presenter uses the same social mechanisms
in interacting with both local and remote attendees.
Stated another way, even if the presenter has no
experience with videoconferencing or technology, there
is no new "user interface" to learn. If someone raises
their hand, it is clear they want to ask a question. If
someone looks confused, a point can be clarified.
Rather than requiring the learning new skills, the
design makes use of existing skills acquired from alife
time of living in the everyday world.

Example: Hydra: Supporting a 4-way
Round-Table meeting

In this example, we introduce a technique to support a
four-way meeting, where each of the participantsisin
adifferent location. It was designed to capture many
of the spatial cues of gaze, head turning, gaze

1In fact, the room also supports traditional "front-to-
back conferencing, which just pushes the issue of
ubiquity even further.

awareness and turn taking that are found in face-to-face
meetings.  Consistent with the design principles
outlined above, we do this by preserving the spatial
relationships "around the table."2 Thisisillustrated in
Figure 9.

As seen in the left-hand figure, each of the three
remote participantsis represented by a small video
surrogate. These are the small Hydra units seen on the
desk (Sellen, Buxton & Arnott, 1992). Sitting in front
of the desk is a colleague, Abi Sellen. Each unit
provides a unique view of her for one of the remote
participants, and provides her a unique view of them.
The spatial relationship of the participantsisillustrated
by the "round-table" in the right-hand figure. Hence,
person A, B and C appear to Abi on the Hydra units to
her left, centre and right, respectively. Likewise,
person A sees her to their right, and B to their left, etc.

Collectively, the units shown in the figure mean that
Abi has three monitors, cameras and speakers on her
desk. Yet, the combined footprint is |ess than that of

2 Thisidea of using video surrogates in this way for
multiparty meetings turns out not to be new. After
implementing it ourselves, we found that it had been
proposed by Fields (1983). Later, we found that it had
been demonstrated and documented at the University
of Toronto in Feb., 1970 (Vowles, 1992).



her telephone. These Hydra units represent a good
example of transparency through ubiquity. This is
because each provides a distinct point source for the
voice of each remote participant. As aresult, the basis
for supporting parallel conversationsis provided. This
showed up in aformal study which compared various
technologies for supporting multiparty meetings
(Sellen, 1992). The Hydra units were the only
technology tested that exhibited the parallel
conversations seen in face-to-face meetings.

The units lend themselves to incorporating proximity
sensors that would enable aside comments to be made
in the same way as face-to-face meetings: by leaning
towards the person to whom the aside is being directed.
Because of the gaze awareness that the units provide,
the regular checks and balances of face-to-face
meetings would be preserved, since all participants
would be aware that the aside was being made,
between whom, and for how long.

None of these every-day speech acts are supported by
conventional designs, yet in this instantiation, they
come without requiring any substantially new skills.
There is no "user interface." One interacts with the
video surrogates using essentially the same social
skills or conventions that one would use in the face-to-
face situation.

Concept: Video Surrogate: Don't think of the camera
asacamera. Think of it asa surrogate eye. Likewise,
don't think of the speaker as a speaker. Think of it asa
surrogate mouth. Integrated into a single unit, a
vehicle for supporting design Principles1 & 2is
provided.

Much of the above is based on the notion that the
physical location of participants has an important
influence on social interactions in face-to-face
meetings. What we are driving at from a design
perspective is that these same cues can be used or
exploited in telepresence.  When we talk about
distance between participants, therefore, it isimportant
to distinguish between their physical distance from me,
and the distance between their video surrogate and me.
The latter, rather than the former, is what determines
social distance.

Premise: Physical distance and location of your
video surrogate with respect to me carries the same
social weight, function, and baggage asif you were
physically in your surrogate’s location. Furthermore,
the assumption isthat thisis true regardless of your
actual physical distance from me.

Qualification: This equivalence is dependent on
appropriate design. It sets standards and criteria for
design and evaluation.

Telepresencea
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Figure 10: The Telepresence Client
Thisisthe interface to the main Telepresence
application. It mediates connections and interactions
among usersand resources. Connections are made by
selecting the person's name from the scrolling list in the
main part of the screen, then selecting the " contact”
button below. Note that beside each person's nameisan
icon of a door in one of 4 states. Thisindicates that user's
accessibility. See Figure 11 for more detail.

Ubiquitous Media: UbiComp +
UbiVid

Introduction

To this point, we have discussed computation
separately from the mediaspaces. Clearly, however,
these two classes of technology coexist.  They
compliment each other in a number of ways. First,
there is a dependence relationship: it is only through
the computational resources that the control and
operation of mediaspaces can be deployed.

Second, there is a cummulative relationship. In
collaborative work, the mediaspace technology
provides the shared space of the people, and the
computers the shared space of electronic documents.
Both types of shared space are required to establish a
proper sense of shared presence, or telepresence.



Figure 11: Using "door state” to specify
accessibility

The figureillustrates a technique for usersin a media
space to control their own accessibility following the
same approach used in physical space: by the state of
their door. Each one of the selectable door states allows
a different level of accessibility. The specified door
state isvisible to potential callers who, likewise, know
the implied permissions by anal ogy with the physical
world.

When used together, a sense of awareness of the social
periphery is afforded — as sense which would
otherwise only be possible in a shared corridor or open
concept office.

In the remainder of this section, we will give examples
which illustrate each of these three cases.

Making Contact

It is misleading to think about computation as separate
from collaboration via mediaspaces. The notions of
UbiComp and UbiVid go hand-in-hand. Thisis most
easily seen in the example of how the computer is used
to mediate interactions within a mediaspace.

Figure 10 shows the user's view of the main application
used to mediate connections among people and
resources of our system. The main part is made up of a
scrolling list of names. These are the names of the
people at the specified site. | can contact someone by
selecting their name, then selecting the "Contact"
button below the list.

The system enables me to contact people at various
sites, not just those who are local. In the example,

residents at the Toronto Telepresence site are
displayed in the list. Thisisindicated by the labeled
box above the list. Selecting this box enables me to
select a different site, with the resultant effect that the
list now shows the residents for that new site. The
method of contact is the same regardless of the
geographical location of the site.

In essence, this technology paves a potentially wide
pathway to your door. To balance this, a means is
provided to enable the user to control their own degree
of accessibility. Thisis done using a metaphor from
the physical world: the door.

Notice that beside each namein thelist isan icon of a
door. The door can be in one of 4 states. Each
indicates a different degree of accessibility for that
user. If itisopen, you are welcometo "pop in." Ifitis
gjar, you can glance in and determine if | am busy, but
you must "knock" if you want to enter. If it is closed,
you must knock and wait for a response before
entering, and glancing is not possible. Finally, if the
door is boarded shut, you can only leave a message.

A user can set their door state by selecting the door
icon in the top left corner of the panel. This causes the
panel shown in Figure 11 to pop up. The stateis set by
selecting one of the four icons. If | select the "open
door" icon, for example, this new state is set and
communicated to all other users at all other sites.
They need only look at the door icon beside my name
to determine my accessibility. Hence, a means is
provided to control accessibility which is based upon
everyday social protocols.

Shared Presence of Person & Task

In an earlier publication (Buxton, 1992), we argued for
the need to support a sense of shared presence of both
task and person. The main argument was that being
able to move seamlessly from one to the other was
important in undertaking a number of common
interactions. This point has been argued by others,
especially Ishii, Kobayashi, and Grudin (1992).

The next set of examples are examples of how we have
combined industrial design and the integration of
UbiComp and UbiVid technologies to support such
shared person / shared task interactions.



Example: Hydra with Shared Computer
"Whiteboard"

The first such exampleisillustrated in Figure 12. Here
visiting scientist, Hiroshi Ishii of NTT, isin the midst
of a multiparty meeting. The remote participants
appear on the Hydra units, seen previously in Figure 9.
Each participant can both see and markup the
technical drawing which is the topic of the meeting. In
the figure, the drawing is distributed and displayed by
the computers and associated network, and displayed
using a rear-projection system (thereby emulating a
large flat panel display).

In this example, note that the gaze awareness
discussed earlier in the Hydra example extends to the
document. Because of the use of the Hydra units and
the geometry of the set-up, people can follow each
other's gaze from person to person, as well as person to
document.3

Example: the Active Desk

The example in Figure 13 shows another configuration
involving collaborative work on a shared document
with a remote participant. Again, it is achieved
through an integration of UbiComp and UbiVid
technologies.

In this case, the document appears on what we call the
Active Desk.4 Thisis alarge electronic drafting table.
It employs a 100x66 c.m. rear projection display. One

afford the full utiizstipe of Daze Shelriddy Taxkg&@zRerson Space

interacts with the system with a high-resolution stylus
(4000x4000 points resolution), or a keyboard. In the
illustration, a Hydra unit is mounted on the desk,
through which the operator is communicating with the
remote colleague. As with the previous case, the
document is visible to all parties, and all parties can
interact with it, such as pointing, making annotations,
or adding to it.

What is central here is how little technology is
actually visible. Inthe example, industrial design has
been used to strong effect to render the technology
transparent to the task. In essence, there is no desktop
computer and no desktop metaphor. The desktop is the
compulter.

Design Principle 4: The box into which we are
designing our solutionsisthe roomin which you
work/play/learn, not a box that sits on your desk.

Example: Sitting Across the Desk

This final example, illustrated in Figure 14, is the
UbiVid equivalent to sitting across the desk from
someone. Here, through rear projection, the remote
participant appears life-size. What we are trying to
capture in this example are two people working
together on ajoint project, such as a drawing or budget.
While not the case in the example, the shared
documents would appear on the desktop, using a
technology similar to the Active Desk seen in the
previousfigure.

First, notice that having one's counterpart displayed
this way is not like seeing them on
aregular video monitor. Because
of the scale of the image, the
borders of the screen are out of our
main cone of vision. Hence, the
space occupied by the remote
person is defined by the periphery
of their silhouette, not by the bezel
of amonitor.

PuRslti party meeting concerning a technical drawing sillustrated. The technical

firee Mydt\kPlesietvan tesigngd or ety hithe Datasidra units (which are used for
fhel sheesehpeBenpecbiaticd theAtraipidridss draGr paptafi pant can see and markup the

fientonital drawing.



Figure 13: The Active Desk
The Active Deskisa drawing table with a 100x66 c.m. rear
projection computer display. The user interacts with the
desk with a high-resolution stylus, or keyboard.

Second, by being life size, there is a balance in the
weight or power exercised by each participant.

Third, the gaze of the remote participant can traverse
into our own physical space. When the remote party
looks down on their desk, our sense of gaze awareness
gives us the sense that they are looking onto our own
desktop. Their gaze traverses the distance onto our
shared workspace, thereby strengthening the sense of
Telepresence.

Portholes and Awareness of the Social
Periphery

The original Portholes system was a joint development
between Xerox PARC and Rank Xerox EuroPARC
(Dourish & Bly, 1992). A typical Portholes display is
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shown in Figure 15. What it does is present a
tiled view of video snapshots of all members of a
distributed workgroup. In the case of the Ontario
Telepresence Project, these snapshots are
updated every five minutes. Unique to the
Telepresence application is the superimposition
of the door icon on the snapshot.

The snapshot and door state icon provides
information as to both the presence or activities
of group members, as well as their degree of
accessihility. Furthermore, the snapshots
provide a user interface to certain functions
concerning individuals. For example, after
selecting the snapshot of me on your screen, you
can then click on the Info button on the top of
the frame to get my phone number, name,
address and email address. Or, double clicking
on my image, or selecting the contact button
asserts a high bandwidth connection to me
(thereby providing an alternative means t make
a connection to that illustrated in Figure 10).

Portholes takes advantage of the fact that each
office has a video camera associated with it. It
goes beyond the stereotyped notion of desktop
video as simply a videophone. Rather, it
supports a very important sense of awareness of
the social periphery — an awareness that
normally isonly available in shared office or
shared corridor situations. It introduces a very
different notion of video on demand and delivers
its potential with a transparent user interface.

Finally, discussions about Portholes always touch upon
the issue of privacy. "How can you live in an
environment where people can look in on you like
that?" we are frequently asked. There are a couple of
responses to this. First, Portholes is not an "open"
application. It embodies a sense of reciprocity within a
distinct social group. People cannot just randomly join
a Portholes group. Members know who has access to
the images. Secondly, even within the group, one can
obtain a degree of privacy, since the distribution of
your image can be controlled by your door state.
Finally, remember that the images have no motion and
no audio. What is provided is less than what would be
available to someone looking through the window of
your office door. Thisis especially trueif the snapshot
is taken from the "door camera”, such asillustrated in
Figure 6.
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Figure 15:

Portholes: Peripheral Awareness of One's Social Network

The original Portholes system was a joint devel opment of Xerox PARC and Rank Xerox EuroPARC. Every 5
minutes, in the case of the Telepresence Project, a snapshot of each member of the workgroup is distributed to
all other members of the group. In the Telepresence implementation, thisis accompanied by an icon of that
member's door icon (see Figure 11). Theresulting tiled image of one's workgroup affords a strong sense of who is
available when. It also can serve as a mechanism for making contact, finding phone numbers, and avoiding

intruding on meetings.

Active Sensing and the Reactive
Environment

Introduction

In the examples thus far, the use of computational and
video technologies has been complimentary. However,
the net effect has been cumulative. Our argument is
that the benefits go well beyond this. In this section
we will show that there is a synergy that occurs when
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these two classes of technologies are used together.
The result can be far more than the sum of the parts.
We will illustrate this in the examples in this section,
of what we call proximal sensing, reactive
environments, and context-sensitive interaction.

Video, Portholes and "Call Parking"

We can leverage the video and computational
technologies of Ubiquitous Media by recognizing that
the same cameras that | use for video conferencing can



give my computer "eyes." Furthermore, the same
microphone through which | speak to my colleagues
can also provide my computer with an "ear."

Design Principle 5: Every device used for human-
human interaction (cameras, microphones, etc.) are
legitimate candidates for human-computer interaction
(and often simultaneously).

Krueger (1983, 1991) has demonstrated how video
signals of the user can be effectively used in human-
computer interaction. By mounting a video camera
above the Active Desk, and feeding the video signal
into an image processing system, one can use the
techniques pioneered by Krueger to track the position
of the hands over the desk. Thisisillustrated in Figure
16, which illustrates a prototype system developed by
Yuyan Liu, in our lab. Inthe example, the system
tracks the position and orientation of the left hand as
well as the angle between the thumb and forefinger.
The resulting signal enables the user to "grasp"
computer-generated objects displayed on the desk's
surface.

Figure 16: Using the Hand as Input
In this prototype system devel oped by Yuyan Liu, a
video camera mounted above the Active Desk captures
the position and orientation of the operator's left hand.
It also determines the angle between the thumb and
forefinger. The user isableto grasp and interact with
computer generated objects displayed on the desk's
surface.

Such use of video isrelatively non intrusive. One need
not wear any special gloves or sensors. The system
sees and understands hand gesture much in the same
way that people do: by watching the hands or body.
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Another simple, yet effective, use of video to support
interaction can be demonstrated by an extension of the
Portholes application. A prototype written by Luca
Giachino, avisiting scientist from CEFRIEL in Milan,
Italy, demonstrated this. The underlying observation is
that two Portholes images in arow constitute a motion
detector.

By comparing two frames, if more than 40% of the
pixels change, there has been motion. Hence, one can
have a rather reliable indication whether there is
someone there. By keeping 1 bit of state for each
frame, one can determine — within 5 minutes of
resolution — if someone is still there, still away, come
in or gone out.

With this observation and the resultant code, the
mechanism for a new type of "call parking" is provided.
If I want to call you, | could look up at Portholes to see
if you are there. If so, | could double click on your
image to assert a connection. Otherwise, | could
instruct the system that | want to talk to you. Inthe
background, while | get on with other work, it could
monitor the state of your office and alert me when you
appear to be in and (by virtue of your door state) when
you are available. The benefit of such a utility
increases dramatically when it is a conference call that
one wants to set up.

The Digital Desk

The information store of most of us consists of two
solitudes: the information that is electronic form and
that which is not (such as all the paper in our filing
cabinet. Aswas discussed earlier, it isimportant to be
able to maintain a shared space of task as well as
person. And, yes, video can transmit images of
documents and other nonelectronic artifacts, while the
computer can distribute the electronic ones. But the
combined forces of the technologies can do even better
than that, as has been shown by the Digital Desk of
Wellner (1991).

With this system, the video camera enables the
computer to "see" what is on the desktop. Like the
systems of Krueger, it enables the computer to see the
actions of the hands on the desk, and to use this as
input. It also enables the computer to "see" documents
and objects on the desktop. Here again the potential
exists for recognition. In Wellner's working prototype,
for example, the camera was used to scan
aphanumeric data to which optical character
recognition techniques are applied, thereby enabling
the computer to "read" what is on the desk. Wellner's
system is an excellent example of the concepts of
Ubiquitous Mediain action.



Doors Revisited: the "Door Mouse"

The cameras and microphones found in the office are
not the only sensory devices that can be taken
advantage of in the domain of Ubiquitous Media
Other alternatives include the full repertoire of motion
and proximity sensors used in home automation and
security. Let us revisit an earlier example, the
specification of door state, as a case in point.

Specifying door state using the mechanism illustrated
in Figure 11 preserves the protocols of the physical
world by metaphor; however, it fails to comply fully
with the design principal of using the same mechanism
in both the electronic and the physical domain. The
reason is that while the protocols are parallel, they are
not one. One still has to maintain two systems: the
physical door and the logical one, as represented in the
computer application.

Using the physical door to control both mans that
accessibility for both electronic and physical visitors
are handled by the same mechanism. Hence (naturally
subject to the ability to override defaults), closing my
physical door is be sensed by the computer and
prevents people from entering physically or
electronically (by phone or by video). One action and
one protocol controls all.>

Such a system was implemented in a number of rooms
in our lab by a student, Andrea Leganchuk. Her simple
but elegant solution isillustrated in Figure 17.

Observation: A door isjust as legitimate input device
to a computer as are a mouse or a keyboard.

Proximal Sensing and Context

What characterizes the previous examples is
the increased ability of the computer to sense
more than just the commands that are typed into
it. Our experience suggests that computation is
moving towards a future where our systems
will respond to more and richer input.

One hint of this today is remote sensing, the
gathering of data about the earth and
environment by sensors in satellites. What we

S|nreality, it is probably wrong to hard-wire such
protocolsinto a system. The meaning of door stateis
culture specific, for example. Asthe ability of a
system to sense the context within which it is to react
increases, so must the quality and flexibility of the
tools for user tailoring of those actions. The examples
that we give are to establish another way of thinking
about systems. They are not intended to provide some
dogma as to specific designs.
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Figure 17: The "Door Mouse"
Thisis a mechanism for instrumenting the door such that
its current state can be monitored by my computer. It
was designed and implemented by Andrea Leganchuk. It
consists of a Macintosh computer's mouse, with the
cover removed, screwed onto thewall. A belt couples
the door hinge to one of the mouse's shaft encoders. The
mouse is then connected to the computer.

are describing is similar, except the sensors
are much closer, hence the term proximal
sensing. In this case, it is the ecology and
context of the workspace which is being sensed.

When you walk up to your computer, does the screen
saver stop and the working windows reveal
themselves? Does it even know if your are there?
How hard would it be to change this? Isit not ironic
that, in this regard, a motion-sensing light switch is
"smarter” than any of the switches in the computer, Al
notwithstanding?

We see this transition as essential to being able
to deliver the expanded range of functionality
being promised as a result of technological
convergence. Our perspective is that if
considerable complexity is not off-loaded to the
system, much (if not most) of the promised
functionality will lie beyond the complexity barrier,
or the usersthreshold of frustration. Our final example
briefly introduces some of our ongoing work which is
based on this premise.

Reactive Environment

The way in which proximal sensing and context-
sensitive interaction can help reduce complexity while
supporting new services is illustrated in our fina
example, an augmented meeting room. Much is
promised in the way of meeting support by new
technologies. Videoconferencing, electronic
whiteboards, audio and video based meeting capture
and annotation and electronic presentations that
support video and computer graphics are just some



examples. The components for nearly all of these
services are now commercially available. And yet, our
ability to deliver them in a way that augments a
meeting, rather than intruding upon it, is limited, to
say the least. Their being delivered to atechno-novice
in a walk-up-and-use conference room is virtualy
unthinkable.

The reason is the amount of overhead associated with
changing the state of the room to accommodate the
changing demands and dynamics of a typical meeting.
Take a simple example. Suppose that you arein a
video conference and someone asks, "record the
meeting." This turns out to be nontrivial, even if all of
the requisite gear is available. For the meeting to be
recorded, the audio from both sites must be mixed and
fed to the VCR. Furthermore, the video from each site
must be combined into a single frame using a special
piece of equipment, and the resulting signal also fed to
the VCR. Somehow, all of this has to happen. And
recognize that the configuration described is very
different than if just a local meeting was to be
recorded, a video played back locally, or a video
played back so that both a remote and local site can
seeit.

In each of these cases, let us assume that the user
knows how to perform the primary task: to load the
tape and hit record or play. That is not the problem.
The complexity comes from the secondary task of
reconfiguring the environment. However, if one takes
advantage of proximal sensing, the system knows that
you put a tape in, which key you hit (play or record),
and knows if you are in a video conference or not, and
if so, with how many people. Hence, all of the
contextual knowledge is available for the system to
respond in the appropriate way, simply as a response to
your undertaking the simpler primary task: loading the
tape and hitting the desired button.

Over the past year, we have been instrumenting our
conference room (the one seen previously in Figure 8),
in such away asto react in such away. Furthermore,
we have been doing so for a broad range of conference
room applications, in order to gain a better
understanding of the underlying issues (Cooperstock,
Tanikoshi, Beirne, Narine,Buxton, in press).

Summary and Conclusions

We have hit the complexity barrier. Using
conventional  design  techniques, we  cannot
significantly expand the functionality of systems
without passing users' threshold of frustration. Rather
than adding complexity, technology should be reducing
it, and enhancing our ability to function in the
emerging world of the future.
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The approach to design embodied in Ubiquitous Media
represents a break from previous practice. It represents
a shift to design that builds upon users' existing skills,
rather than demanding the learning of new ones. Itisa
mature approach to design that breaks out of the
"solution-in-arbox" super appliance mentality that
dominates current practice. Like good architecture and
interior design, it is comfortable, non intrusive and
functional.

The Ontario Telepresence Project has clearly shown
that to reap the benefits of ubiquitous media, we
require a rethinking of how we define, teach and
practice our science. Following the path outlined
above, the focus of future research in this area must be
to apply our skills in technology and social science to
both refine our understanding of design, and establish
its validity in those terms that are the most important:
human ones.
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Abstract

Telepresence is the art of enabling social proximity despite geographical or temporal
distances through the iggation of computer, audio-visual, and telecommunications technologies.
The Ontario Telepresence Project (OTRas constructed a variety of software and hardware
sysems to support telepresence applications and it was the mandate of the project to deploy these
applications in the field to evaluate their acceptance and use by peapleifice environment. The
applicationghat were developed included: (1) thelepresence Media Space (TM&¥ystem for
computer-mediated intra-site and inter-site synchronous audio/video (A/V) communications
employing strategally placed cameras and monitors, ®stcardsa background awareness tool
using low frame rate snapshotsusiers (based on Xerox's Portholes), (3) video and voice mail, (4)
receptionist and video automated attendant functionsdeo call management, and (4) room level
A/ management. Beginning with conventional H.261 dial-up éddecs for long haul connections,
OTP moved itapplicationgo atrial ATM network for longhaul A/V and dataconnectionsand
exploreda numberof uses of itdechnologiesn the context othis emergingtelecommunications
cgpability. This reportdescribegshe OTP approach arekperienced the transitionfrom current
telecommuicationstechnologyto future technologiesand the how thévo technologiexan co-
exist. Numerousbservationsare madefor end userapplicationssuch as: point-to-point and
multipoint meetings;virtual open office; sharedpublic spacesand remotdecturing. Suggested
deployment ideas and open questions are provided a starting points for further research.

1. Introduction

Telepresence is the art of enabling social proximity despite geographical or temporal
distances. It is a set of computer, audio-visual, and telecommunications technologies, which are
carefully integrated to permiepple to work together using technology as an intermediary [28]. In
the activities of the Ontario Telepresence Prof€CIP) [28] we have constructed a variety of
software and hardware systems to support telepresence applications and it was the mandate of the
project to deploy these applications ie field to evaluate their acceptance and use by people in an
office environment. The applications that were developed included: (1) computer-mediated intra-site
and inter-site synchronous audio/video (A/V) communications employing strategically placed
cameras and monitors, (2) background awarenass lasv frame rate snapshots of users (based on
Xerox's Porthole§?]), (3) video and voice mail, (4) receptionist and video automated attendant
functions for video call management, and (4) room level A/V management.

In the last phase of OTP research, several of the applicatEnesre-engineered to function
over a 45 Mb/s ATMink between the OTP lab at Carleton University in Ottawa, Canada, and the
OTP lab at University of Toronto, in Toronto, Canada. As a result, we had an opportunity to "live
in the future” and study the ways in whichiremt and future technologies for collaboration might be
combined and interact with one another.dAs original long distanceA/V link was handledby



conventional 112 Kb/s dial-up video (H.261 compliant), this changeto
broadbandA/V transmissiorwasakin to movingfrom an old4-laneblacktop
highway, such as the famedddute 66, to a brand new, high-speed, state-of-tt
art Interstatehighway,such as 1-40 thadnakests way across theAmerican
southwest, bypassing much of the roadway originally servic&blye 66

Connoisseurs of Amean highway history will know that the Intersta
system did indeed kiRoute 66bu this didn't happen quickly, nor did it happe
completdy. The OTPexperiencewith both current and future A/tfansport| RQUTE 66
mechanisms replays much of the histoiyransition fromRoute 6&o interstate
highways, and theanalogiesserve hasistorical remindersfor the telecommunicatiorservice
providers, applicationdevelopers, and nelusinesseshat will springup around theso-called
"Information Superhighwdy

The OTPtrials over conventional and ATM networks has led to some understanding of the
issues that will make or break synchronous collaborgpigbcations, and in many cases, raised more
questions than were answered.

2. Building the Old Road

The goals of the Ontaridelepresencé®roject were two-fold: (1jo study methods of
deployment for telepresee applications in workplace environments, the way in which telepresence
technology is incomrated into workpractice,
employiterative, user-centred design, and to
'recommenddesigngoals and strategies for
telepresence techngies based on this work;
and (2) developelepresencdechnologies;
t'evaliate them in experimental situations, and

hopefully in field studiesin a workplace

ernvironment, and thenrecommenddesign
goals andengineeringrade-offs based on tldevelopmenbf these technologies. The philosophy
of applicationdevelopmentwas to use off-the-shelf componentsto create apossiblefuture
workplace. This was tied to our ieflthat "in order to design the future we must have lived it in the
past”. The project was fundég the Province of Ontario and several industrial partners with a total
cash budget aibout CAN$3 Million over a three year period ending in December of 1994; in-kind
contributiors of seconded staff, equipment and services added another CAN$1 Million to the value
of the project. During its lifetime, OTP employeg to 12 full-time staff (the majority of which were
engineersand computescientists)andinvolvedthe efforts of many graduate students and faculty
researchers.

The engineeringphase®f the project produced rmumberof applicationghat weretested,
deployed for usevithin the project, andh some casem field study sites. Thénternaluse of
applcations often provided a good first order evaluation because the physical organization of OTP
had been estéibhedto require the use afollaborativetools. Specifically,half of the project was
located in Toonto,and theotherhalf was locatedn Ottawa--- a separation of some 27#dles;
furthermore,in Toronto somemembersof the project were located on the second floor of the
building that housed the project, and some onaielh floor --- this distance was sufficient to make
a casual "walk-by" rather tiresome. But disiamlone does not justify the necessity for collaborative
tools; there must be a need to camitate. Communications among staff members was fostered by

"66 is the path of a people in flight, refugee
Cunos 4 from dust and shrinking land, from the thun
@ of tractors and shrinking ownership ... they

come into 66 from the tributary side roads,
ROUTE 66 rom the wagon tracks and rutted country

roads. 66 is the mother road, the road of fli
--- John Steinbeck froifhe Grapes of Wratf6]
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splitting the developmenandmanagemerteamshorizontally,thus theapplicationsengineersand
systems Bgineerswveresplit across sites, and the varionanagersvho coordinated the research
effort were similarly divided. In short, OTP was a testbed for its own tools, by design.

The majorapplicationsdevelopedby OTP included: (1) the Telepresence Media Space
(TMS) (2) Postcards-- a background awareness tool; {@Jeo Mail (4) Ubiquitous Voice Maijl
(5) the Desk AreaNetwork(DAN); (6) theVideo Receptionistand (7) a mock-up of ®ideo
Automated Attendan®f these, only TMS, éstcards, and DAN are discussed in detail in this article
as they were used most heavily in the deployment over the ATM network.

2.1  The Telepresence Media Space

The phrase "media space” captures the lisatudio and video devices (sources, sinks) and
transmission are managed eotively for a site (a "local area”, such as a floor or a building). This is
different from tyjcal notions of desktop video conferencing through a workstation or conventional
conference room video conferencing. OTP uses the concept@dia ecologyin which A/V is not
locked in a box or room to a spécipurpose, but in fact exists where and when it is needed, to best
serve the objective @haintaining social proximity. For example, a meeting between three people in
a private oftce, including one remote visitor, is not well served by a 4 sqg.in. image of the visitor on
someor'sworkstation thats facingawayfrom the meetingarea.Not only is the video surrogate
(camerayisual display, microphone, and speaker) of the visitor improperly placed in the room, but
the imageis too smallto maintaina "presence’ln the room, thus, theisitor quickly becomesa
disenfrachisedmemberof the meeting. The samesituationis equally poorly handledby most
boardroom onferencingsystems,which are rarely designedfor the type ofinformal meeting
previously described --- often the video surrogate is to@faoved from meeting table, or projected
with too large an image, orgaed in such a way, that all discussion is directed at the remote visitor,
rather than thgeneralgroupin awkward attempts "ndb leave the visitor out of the discussion”.
The OTP approach is to use a separate video surrogatelfatistauct social function (such as face-
to-face meetingsmall group meeting, visitor "dropping in", etc.). This multiplicity of functions and
A/V devicesthusdemandsa more
sophisticatedpproach to managin
devices, connections and services.

The essence of the TMS is
site of A/V cevices controlled by a
audio/video  private  branch
exchange (A/V PBX). The AV
PBX is composed of softwar
servers runningn a host compute
that control anumberof devices, P
most notably the A/V switching ANV PBX SWICh FaOMC | e £
fabric. The architecture of the TMS and swiiching :
is shownin Figure 1. The key A O
components are a set of
conventionaloff-the-shelfdevices, window o S
as follows: (1) a node --- that il Switchse
includes one or more cameras
monitors, microphones,speakers, Figure 1: Telepresence Media Space

Ethernet LAN

. AN PBX Server

saur [ouo9 391A8(q
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associated with elient computer, that executes the TMS client applications; (2) an Ethernet LAN
that interconnects the client computers and the A/V PBX host computer; (3) an analog A/V network
comectingall A/V devices(most withbi-directionalcircuits)to the A/V switchingfabric (oneor

more analog A/V switches); (4) vaus VCRs, audio mixers, preamplifiers, angicure-in-picture

unit (used for multipoint meetings); and ) H.261 compatible dial-up-video codec operating over
two Swich56 (2 x 56 Kb/s) data lines (ISDN can be used instead) provided by the public switched
telephone network (PSTN). The extensive use of analog devicesrasmdigsion for audio and video
reflects the realities of se&bf-the-art A/V --- the only inexpensive way to achieve high quality A/V

in alocalsiteis by analogtechnology Currentdigital technologyrequiresspecializechardwaren
eachuser's PCa significant bandwidth from the LAN, and still will not achieve the image size and
quality of analog video. Furthermgiieis a requirement that video be projected outside of the client
computer, and quitpossibly,involve multiple video sources and sinks. Digital A/V networks may
becomelessexpensiveput not in the short termespeciallyas organizationswill be reluctanto
replace existing computer networks.

The TMS provides aumberof differentfunctionsto the users ofhe system. Some of the
main services are summarized below. Note that these functions are described first in the context of
single site, and then later extended to a multi-site model.

Point-to-point and multipoint meetinggdserscan
contact one anotherom a node(which includesboth
conferencerooms andlesktops)by usingthe TMSclient o _ _
applicationshownin Figure2. User names appear in a lisl, [i1&  Edit Lontrals
that is used to select a person with whom to communic"aE

—|

lominic Bichensz

garry belrme at
telepres ence—toronto

and then thecontact button is usedto establish the
connection. A door stateis used to denote auser's |!
accessibility to others; therecagiour states: (1Joor open-

- othersmay enter the user\@rtual space withouexplicit ALl Sites j
confirmation;(2) door ajar --- others must "knock" beforg -
entering and receive a positive confirmation before a codec—telep... i,,

connection is establisheldowever short segments of vide
only (glancesor Postcard$ could be used without explicif
confimation; (3)door closed-- like door ajar, except tha
no videosegments are available; and ¢pr locked--- no
connections are permitted. A user's curiatessibilityis
shown ly an icon in the upper left corner of the applicati
and theaccessibilityof other users are showby icons
beside heir namesn the namelist. Once aconnectionis
establisheda user can addther users into anultipoint
meding by highlighting their nameand usingthe contact
button again. Multipoint meetings are aaplished by using

a picture-in-cture unit to divide the video screen into foge

quadrants, where eagdarticipant(up to a maximum of
four) occupies one of the quadrants. The asijpalsare
mixed so that an at@source receives a combination of &

csri conference (ba
csri conference roog
demo suite
gale moore
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Contact | S|
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Comment., ., |

audio sources excejts own. Wehavefoundthis form of

Figure 2: TMS Client Application
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spatial multiplexing to be very superior to voice-activated switching, that uses the voice of the current
speaker to select the image that is shown.

Shared video deviceAudio/Videodevices can be shared by users for a variety of purposes.
For example, VCRs can be controlled and shared by utbimu@h this was not built into the simple
interface of Figure 2). A video tape coulel placed in a common VCR and users can share the VCR
to watch the tape as a backgrowudtivity, and yetstill be ableto makeand accept foreground
connectionsThesimplestand mosunassuminghareddeviceis the windowcamera In this case,
a cameras pointed through a window that showé$ivee outdoorsceneo the community.Users,
particularly thosein windowlessoffices, can select the windosameraas a background shared
device,and thus use their video monitors to gain a sense of the weather or time of day, and share a
common view withmembersof the group;again,this would not preclude the use of thedeo
connectionfor initiating or acceptingforeground connections. Ttaevicesbutton on the user
interface gives access to shared devices.

Univ of Toronto

AN PBX

Carleton University
AlmeX Server De:ll(\?ps

Desktops
and
Conf. Room

EE

Server

Conf. Room

1
1
1
1
I

= !
1
I
! Qo

m[:ly I O
AN Switch : AN Switch
1
:
Switch56 Codec 1 Switch56 Codec
e/ | ~
1
1
1
1
1
I
The Internet
—a =

Public gl'elephone Network

Switch56/ISDN Services (112 Kb/s or 128 Kb/s)
TRIO

g F
[

|
4

Standalone AV
& Switch56 Codec

Figure 3: Multisite TMS Installation with Dial-up Video Codecs
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Integrated desk-level and room-level interactionlse TMSdoes not distinguish between
nodesin privateoffices and thosan conferencaooms (except fonames).This allows usersto
participate in conference room meetings from their desksy eithactive members (asking questions,
presentingnformation),or aspassivememberglisteningonly, in which case the conference room
nodes can bé&reatedas sharedlevices).Furthermore, usemmay enter aconferenceoom from
different logical positions. Feexample, the client application in Figure 2 shows two positi@ss: "
conference (back) and ‘tsri conference roon; in the fird case, the user enters and views from the
back of the room, anid the second cas&pm the frontof the room. In this example, there are at
least two separate A/V lines into the room. Once inside a room, a DAN can be used to move a remote
visitor around the room (the DAN is discussed later).

The A/V PBX supports all of these functions tigh its client-server architecture: (a) clients
runningon usermr room workstations converse with the ARBX server to declare ownership of
devices, shardevicescontrol devices,andestablishconnectiondetweendevices;(b) the server
maintans a database of thdevicesand possibleinterconnectionsyisercharacteristicsand state
informationfor devices and users; and (c) the server constantly updates each user's client regarding
state changes in all users (e.g., door state, login state, etc,).

The TMS supportsconnectionsto "the outside world" throughwo approaches: (1)
connections to other TMS sites a@)l ¢connections to foreign sites. In both cases, a variety of short
and longhaul A’V communicationsechnologiexan be used. Forfareignsite, the most popular
type of canectionis through theoutside linefeature (shown as "codec-teldp'the usetist of
Figure 2), in whichhe user selects an outside line, and is then able to dial an explicit phone number
(or use a speed dial) using a conventional H.26ugialideo codec. Another choice, that was never
explored, but is possible, is an outside line that connects to atéeldanalog connection to a foreign
site. For a connection to another TMS site, the A/V PBX sec@mmunicate signalling information
over thelnternet --- this includes the exchange of state information, connection establishment, and
accessibility. Intersite A/V links areqvrided transparently through dedicated analog A/V for nearby
sitesor dial-up video for distant sites. Once one or more TMS sites have been interconnected (this
is done by configuration files), the user names and rooms besaméessly integrated. For example,
Figure 2 shows userfom Ottawa(e.g.,"gerald karam") and users/roomgom Toronto (e.g.,

"garry beirne", "csri conference roor). A user at one site can then contact a user at another site,
as easily as a user at the same site. An exarhplenultisite TMS setup is shown in Figure 3. In this
llustration, two sites are connected via the Internet (for sigme#ind dial-up video for intersite A/V

links. The diagram also shows how a simple standalone dial-up video codec at a foreign site ("TRIO")
can be accessed through the outside line feature.

Multisite A/V PBX servers communicate as a fully connected network; while this is not the
most effective way for them fanction, it was relatively simple to construct. Each A/V PBX server
is implemented as two Unix processes:Tiekepresence Application Server (TA8Y thdntegrated
Interactive Intermedia Facility (IlIF)The llIF process manages the A/V devices, connections, and
a database of users follaral site; it has noknowledgeof other TMS sites. The TAS process
maintains knowledge of its local users, as well as users at all otl&sii®4 to which it is connected.

TAS processeat differentsites query the IlIF serveed their own site and peer sites build a

database that reflects all of the users in its network of sites. Furthermore, whenever the state of a user
at a sitechangege.g.,thedoor stateis changed)all TAS processes that are connected to the site
(including thelocal TAS process) arautomaticallyinformedof the change. Ithisway all TAS
processes at the connected TMSssitee constantly updated so that their databases reflect the same
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stae information; i.e., they are similar to a distributed database in which local sites each maintain a
full copy. An intersite connection is established through the TAS process at the originating site, by
issuing transactions to the llIF processes at the atiggnand target sites to make A/V connections.

2.2  Postcards

The orginal XeroxPortholessystem [2] supports background distributed group awareness
by providing a palette of contiously updated (about once every 5 minutes), small "postage stamp"
images of persons that are part of the usersmunity A community refers to those users that are
capale of providingimagesto a groupof oneor more sites, than turn exchangeanddistribute
these imagesTechnically, this system had a narrow capability for a limited model of use: (1) it was
composed otlientsconnectedo a server that acquirechagestills through aframegrabber and
distributed them to clients on a peipbasis; (2) servers at different sites could exchange images to
build a distibuted community, but the software was not sufficiently reliable nor efficient to support
more thartwo sites;(3) users couldhot select from the set of images to include in their palette ---
they hadto takeall imagesthusall imageswere sento all users; (4) users couitbt control who
would have acceds theirimage;and (5)anyonewith a copy of the Portholedientand Internet
access to the server, could connect to the server andnaeyes --- even if they were not part of the
community.

The newPostcardssystemmplemented at OTP (and shown in Figure 4) revamped both the
social malel of use and thengineeringmplementationjn orderto provide arefficient, reliable
solution ttat was more sensitive to the realities of a typical workplace. The social model embedded
in the behavior of the tool imiversal reciprocityaugmented by the conceptmiblic andnon-public
images Universal reciprocity states that "I am capable of seeing you, if and only if you are capable
of seeingme”; thus,anyusers that wartb be ableto view othermembersf the community must
make their image available for distribution and if they choose not $0,dben they will be prevented
from viewing the images dhe community. Images, for which distribution is governed by universal
reciprocity, arenon-publicimages. If users (including common images sources, such as the window
camera) wish their image to be available to aryavithout the enforcement of universal reciprocity,
then they would declare their images tgplolic; public images can be viewed by anyone, including
those outside ahe community. Finally, to reduce both image traffic and the number of images on
a user's screen, a user can séem the set of available image sources, and have only these images
displayed in the palette.
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pec — PostCards

Figure 4:Postcard<Client Displaying a Palette of Images and Selection List

The re-engineeringf the applicationwassignificant. A Postcardsdeploymentonsists of
three majocomponents: the clients (one per user), the servers (usually one per "site", or local area
of potentialclients,but possiblyservingonly anintermediary store-and-forward function), and the
frame grabbers (oner more allocatedto one servein a site).Permittingmore that ondrame
grabber per siteallows common framegrabberdo be used,or frame grabbersin personal
workstations to be used, or any combination; the OTP deployrsestonly a common framegrabber
per site. Serversommunicaten a spanningreein orderto forwardimagesto clientsthat are at
different sites(since a user'scommunity may be spread over aumberof sites), thusmage
transmissions reduced (ammageis transmitteconly once betweetwo servers), and aimageis
grabbed and shippemhly if thereis a clientthatis specificallyrequesting thémage. Each server
maintains a database of images avaifarlsubscription (to be viewed), images being requested for
subscription,andwhich users are permitte@bublic/non-public)to subscribeto animage.Every
changeto the databasmformation about a user at one site is propagated to all other sites through
the servers; i.e., it is a distributed database with a copy maintained at each site.

2.3  Desk Area Network (DAN)

TheDesk Area Netork application allows local control of many A/V devices in a room; this
would suit an office with several video surabgs and devices such as VCRs, or a typical conference
room. The currentersionprovides forocal switchingof the A/V sources ansinks so that the
room can beonfiguredeasilyfor anyparticularsocialuse. Forexample an office could be seto
video tape both endd a meeting involving local and remote visitors, or be quickly reconfigured to
a simpleface-to-facemeeting.Previouslydefinedpresetsare usedo specifyknown or standard
configurations of device interconnections. Teeices are wired to a small analog A/V switch (such
as an 8 x &ross bar switch) that is controlled by the DAN application from the user's workstation.
The A/V trunks linking the room to the outside world (typically the A/V PBX in a TMS) are attached
to the A/V switch, and form part of its set of connection alternatives.
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Further objectives for the DAN include: control Ui 1N ——e
devices such as VCRs, angan/tilt camerasautomated—

meeting establishmentamong several rooms (typically | | watch wer while playing a slide  [<F
conference rooms); and d¢ert sensitive ("reactive”) roomp | =he for the glances. il
and device configuration(e.g., placing a paper under a e
document camera would ambatically cause the camera [

be routedto the remote visitors). Several aspects of thegdsfault iis

P show Bmm to &0

have been explored aspterm research projects by OT AR

Karam, McLeod, and Boersnievedevelopedsoftware
infrastructure fordistributedconferencecontrol [3] and
Buxton andCooperstockhave developedreactive room
concepts and prototypes.

3. Experiences on Route 66

In the 18 month periofftom Januaryl993 to July
1994, the engineeringteam completed thdollowing [ |
activities that represented most of our experiendéairie i
66. In early1993, thebasicsinglesite TMSsystemwas
developed (starting with softwarefrom the Cavecat [ Select ’s] [[:reate Preset]
project) thatincluded a prototype client user interface, =
basic connectionservices,and an outsidéine capability [ Copy-Create ] [Delete preget]
through adial-up video codec. The TMS waseployed
initially for OTP use, and thenodifiedto supporta field
site with two remotelylocatedoffices. Even though the | Reset | =
field site hadwo locations, it wasnanageds one TMS=— . —I
site, in which the malog switches and dial-up video codecg'9U"e 5: Desk Area Network Application
at each site werenatrolled from a central site (via the Internet) so that they formed a single logical
switch fabric. Thus, all connection requeststierone site, from which control signals were issued.
This wasnot very robust because it didot allow the remotelycontrolled siteto function when
failures occurred at the controlling site.

This basicsystemserved the project for most of 1998was used for aariety of formal
meetings:(1) theengineeringeam metveeklyin a "room-to-room"meetingformat; (2) the user
interface group met weekly at times, andragacally at others; (3) infrequent management meetings
were held; (4) regular formaéminars were conducted during about a 12 month period (into 1994);
(5) formal demonstrations and meetings with interestedtimalusartners and visitors were held; and
(6) even an OTP Halloween party was held over the video link, to explore its use in a purely social
situation. Informal use also existed, however suobntacts,as withall formal contacts,were
prearranged bgther means (email or telephone). We recognized the need for a true multisite TMS
that permitted group transparency; i.e., thiitg to pick a name from the user list and automatically
contact thandividual, including all dial-upvideo codecsignalling. The work on amultisite TMS
began in late 1993.

In parallel, the Portholes software wasrtedto TMS, madeoperationalin fall 1993, and
made significant inroads to improving the sense of group awarboess, limitations were apparent,
and at the end of 1993, the designs for the new version,ddieteostcards were developed. From
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the formal seminars grew the demidar improved room control, and this resulted in a prototype of
the DAN that came into reliable service in late 1993.

Starting in edy 1994, full multisite servers were developed with plans to introduce them to
the field sitein June 1994Simultaneouslyall client applicationgsuch as the TM8lientand the
DAN) which until then had been based on Supercard or Hypercard stacksevimplemented using
a platform independent GUI builder, called XVT. This mader@rmous impact on the performance
of the interfaces, and trability to put clientapplicationson avariety of machinegdifferentUnix
platforms and the MAC platfm). Also, a major reworking of the A/V PBX servers was performed
to improve their flexibility, by providing them with anterpretive command language, TCL. By July,
afully operationamultisite TMS hadbeendeployedn OTP and thdield site, including enhanced
servers and new client applications. During this time numseemhancements were made to the DAN
and some maintenance to the existing the Portholes was handled.

The othermajor projectin thefirst half of 1994 was the developmentRidstcardsand the
extensive debate on the appropriate social model that was to be supported. Much discussion was had
among the OTRRommunitywhile the infrastructure of servers afidmegrabbers/asdeveloped.

Later in 1994, a social model was fixed and the infrastructure and client were engineered.

On the whole, the end of June 1994 presented a much improved system over the first TMS
deployed in mid-1993; people were happthwihe performance and convenience of the new facility.
The utilityand limitations of 112 Kb/s dial-up video were well understood through our many hours
of experience in a variety of situatiofife blurry image and annoying time delay exacerbated larger
meetings, and made many social interactions (jokesjaction, banter) very awkward. Nonetheless,
it allowed work to proceed much more smoothly, and inexpensively, than if we had been forced to
do without. But when improved opportunities forlabbration presented themselves, we were keen
to try them ot1 In July 1994, significant plans took shape that would lead OTP to bigpass 66
in favor of a brand new Interstate highway, an ATM network connecting the OTP sites in Toronto
and Ottawa.

4.  Telepresence over ATM
The deploymentof the TMS andPostcardsto function in an ATM environment was
accomplishedvithout significant re-engineering of the software; the DAN was not affected by this
transition, but was used extensively for experimgntemote lecturing over the ATM network. This
"By the mid-1950s, the wrecks, the easyco.n\./_ersion was achieved in partt becau;e of
Cnos §  breakdowns, and the congestion had [ the flexibility of the A/V PBXserver design and in
made their point: even the people whol§ part dueto the choiceof ATM equipmentThe
needed 66 the most understood that it @gal\TM network, as illustreed in Figure 6, provided
fbgﬂ??gfavhfsagdomﬁ? r;afgrkgm?te threelogical connectiondetween thewo OTP
access highway system. They may not have liked it, oSIteS over a dedicated 45 !\/Ib/§ DS-3 line: (a) two
they may not have known what to do about it, but feWf] full-duplex analog A/V circuits, and (b) an
people orRoute 68vere surprised when the old road ] Ethernetlink. The key elementsof the network
was replaced.” were theterminationequipment--- two loaned
--- Susan Croce Kelly from _ Newbridge 36150four-port ATM switchesthat
Route 66 --- the Highway and its Peof¢ were equipped with two A/V codecs, an Ethernet
interface card and an outgoingjrcuit card. The
AV codecs provided JPEG compressed near NTSC quality video transmission (scalable according
to the peak allocated cell rate) and stereo CD quality audio channels.

ROUTE 66
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The remainder of the network provided the path betweeetimérial equipment. In Toronto,
theterminalATM switchwas located aignificantdistancefrom the DS-3 access providég the
carrier. Anothethird loaned Newbridge ATM switch was used to convert the electrical DS-3 to a
140 Mb/s LATMfibre connectiorso that undergrouniibre at the University of Torontocampus
could be usedo reach thaerminal ATM switch. From theUniversity of Toronto campusBell
Canada donated a DS-3 channel to the Ottawa area wbenmécted to OCRINet, an experimental
ATM network connecting numerous Ottawa compariigniversities and Government labs. Carleton
University, as one of the OCRINet nodes, provided the DS-3 connection to the Ottawa termination
on the Carleton campus.

Pernanent virtual circuits were created between the two terminal points for the duration of
the trial; nominfly, the maximum data rates were established as follows: full duplex video circuits -
18 Mb/s; full duplex, stereo audioauits - 1 Mb/s; and Ethernet - 1 Mb/s, for a total capacity of 39
Mb/s (2 x 18 + 2 x 1 + 1)Thisrepresented most of ttevailablepayloadcapacityof the DS-3
connection. The control interfaces of the ATM switches were put on the respective LANs at the two
Universities so that the ATMwitches could be remotely controlled, and reconfigured as desired ---
including changing bandwidth allocations.

Bell Canada

45 Mb/s DS3

OCRINet

kg

alv alv ethernet

ok

alv alv ethernet

|

|

|

|

|

|

|

|
i i
I .
2 @ 45 MB/s DS3 |
S i | i
2 i i o
5 140 Mb/s LATM | | = i
> I ! Y o i
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Figure 6: ATM Network Interconnecting OTP Sites in Toronto and Ottawa
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Therewere several goals for the experimentation of telepresence over ATM, although time
did not permit all of them to be achieved before the intercity DS-3 service was discontinued.

. Demonstratesinglewire integration of OTP multimedia signals (audio, video, data,
and control) over ATM.

. Demonstrate the effect of varying thenlbwidth for video transmission for different
applications; i.e., the quality of the image and the round trip delay.

. Demonstrate the use ahultiple full-duplex channelsof A/V in telepresence
applications.

. Demonstratéhe integration of current A/V technology (such as analog, and dial-up

video codecs), and fututechnology(A/V transmissiorover ATM), and suggest

models for how the two might be economically combined.
A number of specific expinents and uses of the telepresence applications were devised in order to
illustrate agmanyof these points ggossible.The activeterm for thetrial was about 2-3 months,
some ofwhich wasunfortunatelyover theChristmasholiday season. Thatercity DS-3 service
continued unexpectedly for an extra 2.5 weeksteyhe formal trial and allowed more information
and experience to be collected.

4.1  Operation over the ATM Network

The TMS wasconfiguredto treatthe A/V circuits as"very long”, dedicatednaloglinks
interconnedng the two sites, asllustratedin Figure 7. Therefore,n orderto establishA/V
connections over the ATMetwork,only the configurationfiles of the A/V PBX servers needed
modification so that they would search the didagtdts between sites before resortibg links
provided by thealial-up video codecs. The Ethernet link between the two sites was somewhat more
complex to estaish as there was an explicit requirement not to permit conventional Internet traffic
to be carried by the experimental ATM service. This forcgdtewayconcept to be used, where the
host computers for the A/V PBXa each site, acted as ddtansmissiorgateways between the
public-acess Internet on one side of the gateway, and the private LAN on the other side; i.e., each
computer was physically attached to two LANs. Rauiimformation for the Internet was configured
so that only the gateway machines could transfer data over the private link.
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Toronto Ottawa
AN PBX A/ PBX
Degl:\tdops Server Server Degﬁtdops

Conf. Room E Conf. Room

A/ Switch

A/ Switch |

Switch56 Codec - Switch56 Codec

Notes:

1. Client sends connect request to local A/V PBX server

2. Local server forwards request (over private ethernet) to remote server
3. Remote server contacts local client to establish permission

4. A/V PBX servers establish A/V connection through baseband network
and over ATM A/V circuits

Figure 7: Connecting over the ATM network

Control messages exchanged between servers were routed over the giaviatd dherefore

signalling times were expectedo be only marginally longer than thosexperiencedor local
connections. The sequencf actions for connection establishment with a remote user, as shown in
Figure 7, are as follows:

1. A user invokes @onnectionto a recipient;the user'slient applicationsends a
transaction to the local A/V PBX server over the public LAN.

2. If the A/V PBX server finds that: (a) there is an available intersite A/V link (over the ATM
network), and (b) that the remote ugecurrentlyavailablefor a videomeeting,then it
proceeds to establish a connection.

3. The local A/V PBX server allotes a physical path through the switch fabric from the user's
node to the available intersite A/V link.

4. The A/V PBX server uses the private LAN to send a transaction to the peer A/V PBX server
requesting the completion of the connection at the remote end.

5. The remote A/V PBX server sends a requeshe client of the remote user. If theser's
door is ajaror closed, then the user must provide an explicit confirmation of the connection
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request. If the userdoor was open, then the request causesuatible warning of an

incoming video call.

6. Once theconnectionis to be acceptedby the remote user, the remote A/V PBX server
allocates a physical path through the switch fabric from the remote user's node to the intersite
AV link.

7. The remote A/V PBX server sendsassageo thelocal A/V PBX server,confirminga
successfulconnection;this information then permits the original client transactionto
complete.

There is nothinginiqueaboutthis configurationexcept for the use of the ATM network for A/V

transmission and the private LAN. The same cardigon is illustrated later using a fully analog link

between sites located in two nearby buildings that share a campus-wide LAN.

The Postcardsapplicationfunctionsin exactlythe samemanneras it wouldin a regular
Internet environment, except that the Toronto and OtRw&icardsservers would exchange images
and information over the private LAN. Unfortunately, due to techniald and the limited time and
resoures available for the ATM triaRostcardsvas never made to operate over the private LAN.

4.2  Communications Technology Integration

Integration of current and future technologies was accomplished entioelglththe flexibility
of the TMS asign. There are thregechnologiesto be linked: (1) all-analogintersite A/V
transmission; (2) digital intsite A/V transmission
using conventionalH.261 dial-up video codecs;
and (3)digital intersite A/V transmissiorusing
ATM video codecs. Populatechniquesin
workstation basedigital A/V codecs and data
transnission could also be accommodated within
taking the traffic away from the deteriorating two- or i the g@eral design, but are not a significant focus
three-lane highway, the long gestation of those intergatef OTP research (with thexceptionof the
highways had the effect of scaring many business pe@pl§ystcards application, that is at best a low
into years of inaction." . . .

- Susan Croce Kelly from resolution, very v frame rate variant). Figure 8
Route 66 --- the Highway and its PeofB illustratesa network of TMS sites (and one non-
TMS site) that interoperated dlg the ATM trial

to demamstrate the integration: (1) the Carleton University OTP site; (2) the University of Toronto

OTP site in the Sir Sandfollemingbuilding; (3) thelnformation Technology Research Centre

(ITRC) site locatd on the University of Toronto campus in the D.L. Pratt building (adjacent to the

Sir Sandford Fleming Building); (4) the Xerox Webster site, outside of Rochester, NY; and (5) the

Telecommunications Research Institute of Ont@rielO) located in Ottawa. The A/V PBX server

interconnections are shown if Figure 9. Users at sites that are dimsutigcted appear in each others

name lists, andhaybe contactedeasily.Usersat sites that ar@ot directly connected could reach

each other only through the outside line feature. Not shown in Figure 8, but appearing in Figure 9,

is the ITRC site located at University of Waterloo, in Waterlanta@o. It has a dial-up video codec

as an external A/V link and uses the Internet for communications with other TMS sites.

An additional notion in TMS is thieusted sitethat is, a siteds permission to use the outside
lines of remote site witlwhich the trustedsite has a dedicated A/V connection. Egamplethe
Ottawa OTP site is a trustetlesof Toronto OTP, thus the Toronto OTP dial-up video codec could
be accessed by Ottawa Otuigers (it was shown in Figure 2 asdec-telep). This allows a site to
pool dial-up video cdecs even though the codecs are not physically resident at the site (indeed, the

"The interstates came slowly, a piece
Cuos 4 here, a stretch of new concrete there,
@ bypass around a city. Where it had tak

twelve years to pave U.S. Highway 66

the first time, it took two-and-a-half tim

ROUTE 66 : : )
that long to replace it. Besides finally
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Figure 8: Multisite Integration using Current and Future Transmission Systems

Ottawa dial-up video codec was not in operation for the period of the ATM trial, therefore Ottawa
OTP users regularly employed the Toronto OTP dial-up \adéeec for video meetings to non-TMS
sites).

The mulisite organizationof Figure 8 tests the variousombinationsof connectionsas
follows. The Toronto OTP site and Toronto ITRC atte interconnected by a dedicated full-duplex
analog A/V link over copper unshielded twisted galtheir A/V PBX servers communicate over the
campus LAN. The ITRC site is known only to the Toronto OTP site (and the Waterloo ITRC site),
thus users at ITRC can contact users at Toronto OTP, and vice-versa, however, other sites connected
to Toronto OTP cannotontactthe ITRC users. Th&orontoI TRC andTorontoOTP sites are
trusted sitesvith respect to each other. Thus, they can access each others outside lines, effectively
giving each a logical pool of two dial-up video codecs. The Waterloo ITRC site is connected to both
the Toronto ITRC site and the Toronto OTP site, however the A/V linkyigtamough dial-up video.
The Xerox Wester site is connected to the Toronto OTP site through an Internet firewall machine
usedto provide securityfor the Xeroxcorporatenetwork againstunwanted access through the
Internet. Several modifications veerequired in the A/V PBX server in order to cross the firewall in
a standat and safe manner (similar to the way in which applications like News, FTP and TELNET
are landled).The A/Vlink is throughdial-upvideo. Asdescribeckarlier,the OttawaOTP siteis
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connected to thedronto OTP site
through the dedicated ANinks
over the ATM network, and
communicatesover the private
LAN; the OTP sites each consider
the otherastrusted sitesFinally,
the TRIO installation is a non-TMS
site, thatis reachedoy an outside
line, dial-up video codec only.
With this arrangement, the
Toronto OTP site has a TMS user
community of people at the Ottawa
OTP site, Xerox Webster site,
TorontoITRC site, and Waterlop
ITRC site; furthermore itis a
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AN PBX

Server

\ Xerox Internet Firewall

Ottawa Private LAN

o
-
o
[
\

Server

N
7

ITRC
Toronto
AN PBX

Server

Toronto
OTP
AN PBX
Server

Internet

A

N

ITRC
Waterloo
AN PBX

Server

trusted site witfDttawaOTP and
Toronto ITRC. This arrangement
permitssomeinterestingpoint-to-
point and mitipoint meetinggo be establishedi-or examplethe TorontoOTP site coulthavea
four-way multipoint meetingwith Xerox WebsterQttawaOTP, and TRIChy: (a) connectingo

Ottawa OTP over the ATM A/ link; (b) connecting with a Xerox Webster user through its dial-up
video codec;and (c) connecting to TRIO by using the outside line from the Toronto ITRC dial-up
video codec. Imnother example, Ottawa OTP could establish a point-to-point meeting with Xerox
Websterby usingthe outsiddine from the TorontoOTP dial-upvideo codec, and thananually
arranging themeeting;that is, the A/Vconnectionpassedrom a node through th®ttawaOTP

switch fabric, travelsover the ATM A/V link to the Toronto OTP switch fabric, where it is routed
over thedial-up video codec, through the public switched telephone network, where it reaches the
dial-up video codeat Xerox Webster, and thefinally passes through thewitch fabric at the
destination site and ternaites at a node. In one final example, Toronto OTP could have a four-way
multipoint meetingwith thetwo ITRC sites and the Ottawa OTP site, as follows: (a) Ottawa OTP
connects over the ATM ANInk; (b) TorontoITRC connects over itanalogA/V link; and (c)
Waterloo ITRC connects over the dial-up video codec.

Figure 9: Network of A/V PBX Servers in Five TMS Sites

5. Experiences on the Interstate

OTP conducted aumberof experimentsand studiesn orderto gainasmuchinsightas
possibleinto thebenefitsof the ATM capabilityover our previousexperiencesvith dial-up video.
In most cases, theocialscienceresearchers arill evaluatingresults, but somearly anecdotal
commentsare appropriate. Each of tbealuationsdescribedelow, wasntendedto explore one
or more of our goals for telepresence over ATM.

Basic point-to-point connectiong?oint-to-point connections over the ATM network were
an enormousmprovemenbver the previoudial-upvideotransportmechanismFor comparison,
the number of dial-up video codec connections from Toronto OTP to Ottawa OTP over a 128 day
period was 26; unfortunately the number of connections in the reverse direction was not recorded due
to technical problems. Even if the number of connections from Ottawa to Toronto was assumed to
be abouthe same (this would not be unreasonable), this still represents fairly low usage. There are
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anumberof reasons: (1) themeto set-up a call was anything from 35-80 seconds because of the
dialling required to eshdish the video link usually required more than 20 seconds; (2) the quality of
the image and annoying tirdelay were workable, but suppressed a real feeling of presence; (3) the
128 periodincluded August, in which most staff were onholidays; and (4) there werstaff
fluctuations dugo somecompetingprojects.During some ofthis time period (about 3@aysin
October to Novendr) the ATM capability was up, so there was little demand for the dial-up video
codec.

The nunber of ATM video connections in a 97 day period of operation from Toronto OTP
to OttawaOTP was 310. There was mdi&ely a similar numberof connectionsn the reverse
direction, although theris no log datato corroboratethis. This numberwas subjectto several
caveats asvell. In supportof high traffic: (1) there was a spur t¢arning,experimentationand
demonstrabn early on, that accounted for some of the additional traffic; (2) communications were
increased becaugtanningATM experimentiecessitated; (3) connectionsvere very easyto
establish as there was no dialling time (conne&@&irup time was typically 5-15 seconds, depending
on the network load); and (4) the high quality ofithage and (virtually) delay-free communications
conveyeda much greatersenseof presence anthadeboth socialand businesscommunications
effortless. On thetherhand, thdraffic level may havebeenreduced for some of tHellowing
reasos: (1) OTP staff were declining so there were fewer people with whom to interact; (2) about
three weeks were lower traffic due to the Christméiddnp season; and (3) the last 18 days of traffic
occurred after OTP had officially ended and there was reduced need artdrppto communicate.

In summary, the point-to-poirgxperiencesvere very positive,and thehigherconnectiontraffic
largely validates this conclusion.

Some measementswere takerto show theconnectiontimesusingthe complete ATM
system (ATM video link, and the private LAN for control signalling): (1) complete ATM --- about
5.3 seconds was required for A/V PBX server overlagaldl AN communication required about 2.6
seconds, thus the user saw a delay of about 8 seconds, and this was constant as OTP did not load the
datachannel(2) ATM videoonly --- againwith an A/V PBX server overhead of 5.3 seconds, the
communications over the Internet consumed about 6.6 seconds under average conditions for a total
of about 12 seconds, although this could vary upwardsdesably due to Internet load. Thus, while
sending the control signals over the ATM was 2.5 times faster than the Internet, the end user only
perceived a 1.5 times improvement because of the basic server overhead.

The meetings using ATM A/V links were often very short, as they were to some degree more
convenient and interesting than phone caillsmail (telephone traffic declined considerably between
Ottawaand Toronto OTP sites, although email traffic was still used a lot). Some connections were
also much longer, becaussers did not feel constrained by the telecommunications cost and simply
let the length of the meetings fitethvorkpractice. This differs from the dial-up video links that were
simply not as convenientto use, didnot provide thesamequality of interaction, andtalls were
typically focussed on a specificirpose. Cost was not really an issue for the dial-up video link, even
though regular phone rates (the cost of two long disgaimoee calls) were incurred, but usually was
the line washot usedto excessas we knew it wasot free (we dichave2 hourmeetingsput not
every day, and probably would avoid a 4 hour open coongcthlso, the tiring nature of the dial-up
video codec image quality and time delays, discouraged lengthy meetings.

Finally, point-to-pointconnectionswvere invokedfrom OttawaOTP to TorontoOTP to
access the dial-up video codec in Toronto asuaside line. In the 97 day period some 50 uses were
recorded, although about 70% ofdbevere likely experimental in nature. Of particular interest was
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the interaction between tidewbridgeJPEG video codec, that provided the analog-to-digital-to-
analogconversionover the ATMnetwork,and the PictureTel H.26dial-up video codec, that
provided the analetp-digital-to-analog conversion over the telephone network. Several sites were
contactedand overall, the recipients did not notice much degradation over their usual experiences
with dial-upvideoat 112 Kb/s (or 128 Kb/s) ratesThus the JPEG codec worked very well in this
situatin. We found however, that the JPEG codec was rather sensitive to the quality of the analog
video source; a noisy analog source, such as bad cabling and some computer-to-NTSC composite
video scan converters, caused the JPEG video cadesesynchronizatiorwith the video signal

and generate faeeze frame effect that we nicknamed, "the Max Headroom Effect”, after the jittery
computer generated character from late 1980's television.

Multipoint meetings. A numberof multipoint meetingswere held; in some casethey
involved uses connected by analog and ATM video intersite links, and in other cases also involved
dial-up vdeo intersite links. We found that in the first case, there was no difference between an all-
local user multisite meeting, and a meeting involving ATM A/V link users (at times we had two ATM
AV link participants since two A/V links were available). As there was no significant time delay in
the ATM A/V transmission, interactions proceddsmoothly. Multipoint meetings involving dial-up
video participants, proved to bdittle more difficult, as the majority of the participants had no time
delay, ad the dial-up video participants had poorer picture quality and suffered the usual annoying
communications delay. In this case, the meetingeda revert to a protocol of waiting for answers
and stilted conversation when the discussion was directed at the dial-up video participants, and tended
to be nore freewheeling when they were not the main focus. One such example was the OTP Final
ReviewMeeting for industry collaborators that included a multipoint meeting of: (1) two people in
a Xerox Webstenpffice (by dial-up video); (2) more than a dozen peopiethe Toronto OTP
conference room (the site of thrultipoint bridge--- where the meeting was constructed); (3) four
peoplefrom the OttawaOTP conferenceoom (by ATM A/V link); and (4) one persaimom an
Ottawa OTP private office (also by ATM A/V link).

Virtual open office collaboration.In a virtual open office model, a point-to-pointor
multipoint connections left on for an extended period tine (e.g.,for half or the entire business
day), in order allow distant collaborators the opportunity to shamual open office Two offices
(one in Ottawa and oneTroronto) used by 3 of our collaborating engineers were connected in this
way for about 30 days. They reported 29 positive interactions and 6 distractions resulting from the
open office.This datais beinganalyzedby our socialscienceresearchers, howevenverall, the
engineers were impssed by the convenience and were satisfied with the experience. The engineers
reported that since the virtual open office has bessodtinued, their productivity has been impaired
as the typical "quickugstion, quick answer" that was afforded by the shared office, is now handled
by many exchanges of shernail messages. During the study period, email usage was more limited
to comprehensive messagleat were a more effective means of communications than spoken word
or video.

The Telepresence Tunnellhe Telepresence Tunnalas a backgrounfillll duplexA/V
connection between a public spaat the Ottawa OTP site (in the engineering building) and a public
space at thdoronto OTP site (alsan a building occupiedprimarily by engineeringstudents).
Students, faculty, and indeed the general public weréaablalk up to their end of thEelepresence
Tunnelandreadily communicatevith peersat the otherend. Its purpose was understand how
peoplein physicallywidely separateduildings, but with somecommonbackground (they were
mostly engineering students) would socialize using audio and video, once given the opportunity. It
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would al® illustrate how video conferencing novices would react to interactive video, and perhaps
to future publicly available video communication services.

The A/V PBX servers were slightly modified so that Tieéepresence Tunnesed one of the
two ATM A/V links whenever one was not in use for normal meetings. Typicallyehepresence
Tunnelwas in operation 24 hours a day for eight weeks (subject to some interruptions for our normal
video meetings during the busieatay), although for about 3 weeks there were final exams at both
sites, followed by the Christradoreak. Images were sampled at five minute intervals at both ends of
the Telepresence Tunnahdformedinto MPEGmovies.With this samplerate,we gainedsome
sense of usage through a 30 day period and generated aboulirha@8€ Questionnaires were also
availableto be completed by tunnel users at both ends. Both the movies and the questionnaires are
being analyzed. Anecdotal observations suggest thaelepresence Tunneias widely enjoyed:
some people "hung out at the tunnel"éxtended lengths of time to engage in conversation; people
would arrange (by email or telegte) to meet one another; even OTP staff passed each other in the
tunrel on occasionWhenthere were lots of peopia the building there were often periods of
significant interaction (during class change and at lunch time), fallinyeeriods of quiescence. One
major problemwas the low audidevel, which provedto be very challengingbecause of the
environment(hallways)and thelack of an echacancelleron the ATM A/Vink (thisis discussed
later).

Remote teaching/lecturingWe ran threevaluations of a remote teaching experience in a
three week period. In all cases, the lemtwvas at the Toronto OTP site and the audience was at the
Ottawa OTP siten the conferenceroom. Also the DAN was preserat both endsto easily
reconfigure the rooms for different phaséshe lecture. The goal was to assess the impact of image
size image quality, sense of presence, and the effect of having two full duplex A/V channels rather
than the traditional one. In all cases there were questionnaires coraplétietierviews or comments
by thelecturer --- as these will be assessed formally at a later time, the remainder of this discussion
will focus on the configurations we used and some anecdotal information.

Lecture 1: A lecture for an undergduate class (about 60 seniors in electrical and computer
engineering) was given byecturer with no video conferencing experience. Initially, it was planned
that one A/Vlink would be used for the lectureifsage,and one would be used for a document
camera in which the overheads would be placed, and that would capture the lecturer's hand gestures.
The lecture room had the lecturer's image displayed on a large screen using a projection television,
and other monitors would be usédl display the document cameralnfortunately,technical
difficulties prevented us from using two links for most of the lecture, thus, the lecturer's image was
alternated with the document camera by antassis The lecturer saw two static images of the class
on 19inch monitors at a distance of about 20 feet from the lectern, thus the individual members of
the class had little psence to the lecturer. During question period, an assistant in the lecture room
used a remotely controlled camera to zoom-in on students askingsiestd therefore significantly
improved their presence to thetierer, however, poor audio hampered the experience. Nonetheless
the discussion flowed easiiecause there was no time delay and the lecturer's image and overheads
were easily seen.

Lecture 2: A seminar was given k@n OTP staff member to an audience of about 40. In this
case a single ATM A/V channel was ussdchoice. The lecture was given from a private office and
used an inexpensive picture-in-picture unit to project both the lecturer's image and the slides (from
PowerPoint on a MAC using a scan converter to NTSC video); i.e., for most of the talk, the lecturer's
image was in one corner of the main picture --- the presentation materials. The video in the lecture
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room was agin projectedto a large screen. Thpoor quality of the picture-in-pictureunit
significantly degraded thguality of the lecturer'smage,andfailed to conveya sense of presence.
Worse still, the lecturer really did not watch the remote audigrite were projected on a very small
monitorin the peripheryof the lecturer'siew. In essence, the lecturer just spakehe camera
leavingthe audiencewith a perception that theyould have been watching a video tape. When the
formal presentation was concluded androgiscussion ensued, the lecturer's image was the primary
image and the use of the picture-in-picture was disooed. Again, the discussion was easy and free
flowing as the remote controlled camera panned aathed around the room to the current speaker
in the audience, and the lack of any notitedelay permitted interruption, debate and natural social
situations.

Lecture 3: Another seminar was given by another Ot snember to an audience of about
25. In this case both ATM A/V links wereads This lecture was done from a room that allowed the
audience to belisplayedon a large projection screen. A documeamerawas used for paper
overheads and was transmitted over one ATM A/V link; the lecturer's hand gestures could be seen
in the document camera. In the lecture room, the docuoanerawas displayedon multiple
monitors around the room, and the lecturer's imagesmitted over the second ATM A/V link, was
displayedusingthe projectiortelevision.In the lecturer's room, still imageof the room was sent
over one ATM A/VIlink anddisplayedon the projectiontielevision,and aroamingimage(guided
manuallyby anassistanin the lecture room) wadisplayedon anearbymonitor (lessthan 8 feet
directly in front of the lecturer). During the formal presentation, the assistant used the remote control
on theroamingcamerato pan and zoom around the room as a lectonight do naturallywhile
giving a talk.Again, once the question period was reachetflljid discussiorhappened, ais the
other cases.

This lastconfigurationgave the most satisfying result to both the audience and the lecturer
because: (1) the audience saw the full size image ofctioede at all times, and saw good interaction
with the presentatiodevices--- thetwo werenot viewedas separate; (2) the lecturer saw a large
(albeit grainy) mage of the audience and thus always had a feeling of their presence in the lecturing
room; and (3) the lecturer got a mareémate view of the audience membdrging the talk due to
the constantlyroamingcamera, and thus could get a betésingfor how thematerialwasbeing
received. In short, both audience and lectheasl a sense of telepresence. All lectures suffered audio
problems, that are described next.

General commentverall, the ATM network performed beyond everyone's expectations,
however we wereonstantlyplaguedby audioproblemsbecause thdlewbridge JPEG codecs did
not have any echaacellation, and we had no external echo cancellation. This resulted in a slightly
annoyingechoat times(about 0.1 seconds), as ttemote microphone picked up the sounds from
the remotespeaker, and sent it back to the originating site. But worse, was the audio feedback that
would resultif the audiogainwasraisedtoo high. This forced usto keep audidevelslower than
would normally be used anthterferedparticularlyin the conferenceooms and th&elepresence
Tunnel For he tunnel, the large physical spaces with poor acoustics and much reflection (concrete
hallways) exacerbated the audio feedback problem. The enoéerooms were also a major problem
as they weer large, and their acoustic characteristics changed widely (especially in the Ottawa OTP
conference room) when an audience was present. In particulandiemce voices were much harder
to pick up in the microphones, thus more gainldidae needed, but more gain would lead to greater
ambient room noise in the audio system, thus leading to feedback. If we had echo cancellation, our
audio qudty would have beensignificantly improved,thus conveyingan overall more positive
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experience (people often peraeihat a video experience is poor, even if the problem is actually the
audio). The acoustic characteristics of private offices could usually be managed sufficiently well to
avoid both feedback and echo problems.

6. Conclusions

Before the ATMexperienceQTP had demonstrated thélity andcharacteristic®f the
synchronousA/V mediaspacen supporting workplaceollaboration.The advent ofelepresence
applications over ATM showed us the future
"All told, it took almost thirty years to [ could bemuchbetter than we haidhaginedand

wios 4 completely bypasRoute 66after yetleft us realizing that there was so much more
@ Congress passed in the Interstate to be explored, botln the situationsthat we
Highway Act, in 1956. Nonetheless, thl styded, and those that we omitted ftack of

law and the first bits of new concrete th

ROUTE 66 i i i i
were poured, cast a cloud over the Gre time and resources. Thexperiencegainedin

Diagonal Highway. People were not so likely to see combining' current and future:ommunicatipns
their fortune on the edge of a doomed road, and of [§ technologies, validated much of our design
those who were already there, fewer and fewer sawggpproah, as well as showed the degree to which
value in upgrading or expanding or --- sometimes -8 they could interact today. It also suggested some

doing basic maintenance. After 195&ute 66 possible modelsfor deploymenin the near term
remained important, but its importance was slowly

moving away from the concrete toward the as ATM transmission servicesdmme available in
glorification of what the highway had been." metropolitan and long haul networks. The
- Susan Croce Kelly from exanple of Figure 10, shows a largeompany
Route 66 --- the Highway and its Peof8¢ with severalbuildings on a campusor spread

across acity could use ATM andanalog
technologyto reducemuchtravel between sites armtcreasdhe quality of interactions. However,

as longhaul ATM servicesare boundo beexpensive, it may be more practical to connect to sites
locatedin othercities (perhapsrancheof the samecompany pusinespartnersor clients)using
conventional dial-up video services. Again oysraach not only easily permits this model, it allows
sites that are directly linked to share thesgecs very easily. In the example, site A directly controls
three dial-up video codecs, and site Dpas the city, controls two dial-up video codecs. Since sites
A through E arall connectedoy dedicatedinks (ATM or analog) and ar&rustedsitesto one
another, then the pool of codemmilableto usersin thecity is five. Note: that this configuration
assumes that a TMS site could forward A/V connections (e.m,dit@ D to E to B to A); this is not
currently supported by the TMS as all intersite links must be point-to-point. However, this would not
be a difficult modification to the design.

In this suggested configuration users in the city could: (1) maintain virtual open offices, (2)
have sophisticated, multichannel conferences, (3) have point-to-pamtitipoint meetings, (4) have
shared public sgres (like th@elepresence Tunneh common areas, and (5) have a wide range of
window camerago view (evenif only through short term connectiors, as Postcardamages).
Finally, users compgrwide could maintain convenient and close visual ties with one another, all in
a cost-effective manner.

Many experimentshadto be left unfinisheddueto the limited time and resources. Most
regrettable was ehlack of time to evaluate the effect of different video data rates (and hence lower
video quality and increased delay) on the different applicationan@heobstacle was the complexity
involvedin changing the peak cell rates on the permanent virtual circuits for the JPEG video cards.
Late in the ATM trial we received control hardware that allowed us to use TELNET scripts to alter
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the ATM switch parameterfsom A/V PBX server host computer. Weadesome progress
developing the control software ver had an opportunity to finish it. The scripts would perform

VT-220 emulationto disconnectircuits,and then reconnect them witffferent parametersthis
would have to be done for the three ATM switches in the network.
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Figure 10: Example Integrating Analog, ATM, and Dial-up Video Services

The ATM experience showed the power and pitfalls of the remctigring application. More
work is needto understand thémpactand needs omultichannelvideo andlecturing styles.
Furthermore, we never had the opportuhityinderstand andvaluatethe A/V requirement®f a
shared classroomin which the class exists in two or more rooms, one of which acts as the broadcast
center for the lecturer, In this case, theredssire to let the audience members have a sense of each
others presence, and not just that of the lecturer.

The small stretctseof the ATM Interstate on which we drove just made us beg for more ---
it was fast, smooth, and let ascomplishour travelsmuchmore convenientlythan the old road.
Route 66served us well, and continues to servaas since the ATM Interstate is still in its infancy
andexistsonly in smallsegmentswWhile the completion of the ATM Interstate is, to some degree,
inevitable, it wil probably take many years due to some of the same challenges that plagued the US
InterstateHighway System.To justify the roadway, wewill needservicesand traffic, and our

experiencesuggests that these amot easily defined nor understoodwithout considerable
experimentation and study with the real user community.
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4. REPORT OF THE HEAD OF SOCIAL SCIENCES!

A basic premise of the Ontario Telepresence Project was that information and communica-
tion technologies are inherently socia in nature. Consequently, it was essential in the design
of these technol ogies to take advantage of the social skills and the knowledge of social
protocols which future users aready possess, building on existing skills rather than de-
manding or forcing new behaviours. Similarly, we recognized the need to incorporate an
understanding of work and workplace variablesin the design. The specification and elabo-
ration of the relationships among work variablesis a primary goa of our research. One
sizeisunlikely to fit al and the successful development, adoption and diffusion of the
Telepresence system must take into account existing work practices and organizational
culture.

The Context for the Research Studies

While the Ontario Telepresence Project built on the work of the earlier CAVECAT Project
and took advantage of research findings, particularly in the areas of cognitive psychology
and human computer interface, the goal of the current research was on moving the design
from the laboratory into the workplace. Taking the project beyond the laboratory and the
local workplace into external sites broaden the research plan, both substantively and meth-
odologically, but as the continuous devel opment and testing of new technical applications
was a so central to the Project it was evident that it would be necessary to continue to do
research internally. There was a great deal to be gained by using the first prototypes of new
applications by users familiar with the system and tolerant of both of continuous change
and software that was not sufficiently robust for external users. OTP had in fact been struc-
tured to encourage the team to work collaboratively across distance. Both the engineering
and the social science group were divided between Ottawa and Toronto, and, in these loca
tions members of the group were distributed within buildings. This was anatural labora-
tory for testing new ideas, applications, and technology, and encouraged the devel opment
of group processes so essential in any team, but particularly in one where a number of dis-
ciplines were represented and the majority of members had not worked together
previously.

In the case of the external sites two approaches were taken. Our primary goal wasto
deploy the most robust version of TMS; Telepresence Media Space into workplaces
outside the laboratory. A research agenda was established and a set of criteriawere
developed for the identification of field sites. The negotiation processes involved in gaining
access to potential field sites required considerable effort and we had only limited success
in achieving this goal. While the field studies would be conducted without financial cost to
the client, the client would have to invest in hardware which depending on the specific
installation could run from $100,000 - $250,000. The Project was thus dependent on the
client's ability and willingness to incur these costs. For example, onefield site was close to
closure when the organization was bought out by an American firm.

1The first year of Ontario Telepresence Project ended on Dec. 31, 1992. It is important, however,
to note that the social sciences component only became institutionalized in the project in July
1992 when a full-time social scientist was appointed



The second strategy adopted was to seize opportunities that were available and to study the
use of commercial videoconferencing systems that were already in use in organizations, or
were being introduced into workplaces to which we had access. This provided the
opportunity to gain an understanding of the use and usefulness of these technologiesin
actual workplaces, insights that could be fed back into the design of the TMS.

The Field Studies

1. “Indigo”

A robust version of TM S technology was deployed in this site - a small research admini-
stration organization in which headquarters and the branch office are approximately 100
km apart - in March 1993. Research was carried out at this site for the next 18 months.
This site provided the opportunity to put into practice user-centered design principles and to
collect longitudina datathat are being used in the preparation of scientific papersin the
areas of diffusion of innovation, organizational usability, and control of communication
spaces and privacy. Preliminary results suggest the need to install systems that are tailored
to support existing communication networks, both formal and informal. An unanticipated
consequence of the deployment was the visibility the installation brought the organization
within its environment and the symbolic meanings that emerged around this which fur-
thered the organization’ s mission to be an information technology leader. One early report
on thisresearch in this site entitled The Creation and Control of Media Space was presented
by in aworkshop at the 1994 ACM Computer Supported Cooperative Work Conference.

2. “Provitd” Site

In the fall of 1992, Provitel Inc., atelecommunications organization who was deploying
VISIT technology to selected groups within the organization agreed to deploy TMSlinking
two of the participantsin the VISIT trial. This provided a unique opportunity to evaluate
these two systems. Full details of the study can be found in an OTP Report - Videoconfer-
encing 1990s Syle: Sharing Faces, Places and Spaces. The results of this study demon-
strated a clear need for an ecological approach to understanding videoconferencing tech-
nologies. Successful deployment, adoption, continued use and increasing demand requires a
fit between the organizational culture and the work practices of the employees, and lent clear
support to our hypothesis that technologies often fail for social rather than technical reasons.
Vauableinsightsinto the potential uses of video in the workplace were also gained.

A second part of thiswork at this site focused specifically on the deployment of the VISIT
system in the organi zation. Management had used what we have characterized asthe
Velcro Mode of Deployment - i.e., tossit out and see where it sticks. The organization had
designated a group of workers to receive desktop videoconferencing without concern for
the existing work practices, communication networks or organizational subculture. As
predicted, adoption rate was poor and the deployment problematic. These results and
observations were relayed to management for use in future deployment activities.

3. “ResCorp” Site

ResCorp, aresearch division of alarge multinational corporation, had invested heavily in a
conference room videoconferencing facility, but found that it received little use. This mode
of deployment we have characterized as The Field of Dreams Modél, or, if you build it
they will come.



In Sept. 1993 OTP undertook a study of agroup of early adopters to identify arange of
social, organizational and technical issues that affecting adoption. The results of this study
have been reported in A Tale of Two Cities: A Study of Conference Room Videoconferencing.
The technical issueswererelatively easy to identify and to diagnose but the social and
organizational issues were lessvisible. While less attention is generally paid to these aspects
of videoconferencing, we concluded that it was the resolution of this class of problem that
would in the long run determine whether the organization not only recovered the cost of its
investment, but maximized the long term benefits to both the organization and the
employees.

Lessons from Organizational Reality

The following insights were gained from our field studies. The research to support these
brief statements can be found in the OTP published literature.

1. The three most important things in understanding the interaction between
organizations and technology are .... context, context, context.

2. Technology fails often for social, not technical reasons
3. Technology is an enable, not adriver

4. Technology transfer is more than just software and hardware - methodologiesare
technologiestoo

5. Communication technologies have at least two ends. There isaneed to understand
the ways in which users and organizations are not autonomous and independent with
regard to communication media

6. A new productivity metric is need for the new economy

7. Technology makes explicit what has previously been implicit. Negotiated socia order
and associated behaviours often become visible only when disrupted and technol ogy
can provide just thiskind of disruption. Well designed technologies support dynamic
accommodation to a variety of ‘understood' social arrangements - i.e., they score high
on a social/technical accommodation index.

8. It isimportant to understand how mediawork as environments
Other Activities

ATM Studies

In October of 1994 the Ontario Telepresence Project had the opportunity to incorporate an
ATM environment into the existing TMS; Telepresence Media Space.2 At thetime the

2 Newbridge Networks of Ottawa loaned the OTP three 36150 four-port ATM switches that
were equipped with two audio/video codecs, an Ethernet interface card and an outgoing circuit
card. The codecs provided JPEG compressed near NTSC quality video transmission (scaleable
according to peak allocated cell rate) and stereo CD quality audio channels. Bell Canada
donated a DS-3 channel between University of Toronto and the Ottawa area where it was
connected into OCRINet, an experimental ATM network linking a number of Ottawa
universities, government institutions and companies. The technical details of this installation
are elaborated in a paper by Gerald Karam (1995).



ATM network was made available, members of the Project had over 2 years of experience
with avariety of audio/video services3 and were highly sensitive to the ways in which
audio and video quality, and the ease of making connections - both in terms of the action
required to make the call and the time required to make the connection - affect how the
system might be used. The superiority of the ATM service was recognized immediately in
terms of the television quality image (and stereo sound) and the speed at which connections
could be made between the two sites, but it was three years of living in amedia space that
helped us 'see’ beyond the obvious technical advantages and led to the design a series of
studies exploring innovative ways in which the technology could be used to improve social
relations.

Saocial scientists from the Ottawa and Toronto ends of the OTP in cooperation with the
engineering group used the ATM technology to design a series of studies which are
described briefly below. A set of working papers describing these studiesin detail are
currently in preparation.

1. Telepresence Tunnel

The Telepresence Tunnel was alive audio video link between acorridor at Carleton
University and a corridor at the University of Toronto. The goal was to see how peoplein
two widely separated buildings, with some common background- primarily engineering
and computer science students and faculty- would socialize using an open audio/video
channel if given the opportunity. This also gave us the opportunity to see how people
without any experience of videoconferencing would react to interactive video, and allowed
us to ask about their potential use of and concerns about this type of serviceif it were
commercially available. The sample was self-selecting as the Tunnel was in operation 24
hours a day and questionnaires were simply left at the site. Additional observations were
gathered from OTP staff who were encouraged to visit the Tunnel, speak to the users and
report findings back to the social scientists. Overall, response was highly positive. It was
used for serendipitous encounters as well as arranged meetings. Of interest to the telecosis
the fact that about 70% of the respondents reported they would use a home video system or
would go to a specific facility to use thistype of service for long distance calls. Approx.
60% suggested they would use such afacility for local cals.

2. TeleLearning

Three remote teaching studies were conducted. The Conference Room at Carleton
University was the location for al the Ottawa participants, but in Toronto, where the
lectures originated, the venue was changed in each case - alarge conference room, a mid-
size demo suite and an office. Evaluations were completed by the Ottawa participants at the
end of each lecture. We were particularly interested in what advantage, if any, would be
gained from the use of 2 audio/video channelsinstead of the single channel that is
traditionally available. Evaluations of the sessions showed that the use of the second
channel made a differencein terms of the attendees feeling of ‘presence’ and in their ability
to interact. These studies raised more questions than they answered, but certainly pointed to
problematic areas in the current commercial installations of the electronic classroom.

3 Analog video, PictureTel, CLI high-end codecs,



3. Virtual Office

Two of the OTP engineers working on ajoint project , onein Toronto and one in Ottawa,
shared avirtua office for a period of approximately one month. Overall, both reported ex-
treme satisfaction with the experience and while they had worked together for over 2 years
they developed a socia relationship and sense of community during this period which they
felt enhanced their productivity. In interviews after the ATM connection had been taken
down, both resented the amount of time that they now had to spend on email and missed
the spontaneity that the ATM connection had provide, and could be said to be experiencing
'video withdrawal'. While they had devel oped a social relationship during this period they
felt that this was impossible to maintain, even though both desired it, when the available
mediawere email and telephone. They are currently planning to get together in Ottawa.

Lessons learned

1. Bandwidth on demand has the potential to revolutionize work across time and space

2. The relationship between bandwidth and cost is unlikely to be linear. Pricing
bandwidth isacrucial issue.

Resear ch Bibliography

As research on the social impacts of information technology is a developing field and one
which crosses a number of disciplines access to thisliterature is difficult. A student was
employed in the summer of 1993 to carry out a exhaustive search of the literature, to make
copies of the significant documents and produce a machine readable and searchable index
to thisfile. Thisresource was used by members of the Project, students and visitors. Some
copies have been distributed.

Methodology for the Introduction of New Technology in the Workplace

One of the goals of the social scientists was to develop a methodology for the introduction
of TMS technology into organizations. The method consists of a series of modules that are
specifically designed to be responsive to the multiple contexts of the participating
organization - e.g., organizational culture, work practices. The strength of this approach lies
in the fact that the methodol ogy isinformed by a philosophy which incorporates and
respects the end user, it was developed with input from anumber of disciplinary experts,
and modified in light of experience in actual workplaces. Finally, the model has been tested
under strict conditions as it was developed for deployment of a technology which brings
video into the workplace. The use of video is still unfamiliar in most workplaces and raises
many issues that could thwart adoption.

Sponsor ship of a Workshop: Towardsthe Virtual Workplace: Implications for
Social and Organizational Research

In Nov. 1994 OTP and CITI: Centre for Information Technology Innovation co-sponsored
this workshop to bring together members of the Canadian academic community and
researchers from labour, government, public policy and technology organizations con-
cerned with the interplay between workplace organization/re-organisation and information
technology. The goals were to assess the existing state of research in the field, identify fu-
ture research agendas and areas for cooperation and collaboration, and in general to begin



building a network for a group who are currently working in isolation from one another. A
number of initiatives are now underway as aresult of this meeting.

Continuing Activities

A number of academic papers based on field study research, in particular in Indigo, should
be presented or published over the next year.

The senior managers of the Project have devel oped an outline and proposal for a book
telling the story of the Project. It istentatively entitled Living the Future Today: The Sory
of the Ontario Telepresence Project

While members of the project team have dispersed there are proposals currently being
developed to utilize the expertise and relationships fostered by the Project for new
initiatives. One local example involvesthe University of Toronto Library.

Finally, the social scientists have an ongoing relationships with partners from the OTP
(e.g., Corel) and proposals are currently being developed to continue these relations into the
future.



APPENDIX 1:
PRODUCT INFORMATION

(Not available in on-line version)



FOR MORE INFORMATION ON THE
ONTARIO TELEPRESENCE PROJECT, CONTACT:

RON RIESENBACH, PRESIDENT
TELEPRESENCE SYSTEMS, INC.
ron@itrc.on.ca
ph. (416) 482 6698
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