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CHAPTER 1.0: INTRODUCTION
This research started with a two-hour conversation on a warm August afternoon between Bruce Bond, CEO
of PictureTel Corporation, and I. The focus of the conversation was to develop a thesis topic that could
contribute to the long-term success of PictureTel and add value to the area of Technology Strategy. After
many debates, the decision to develop an Audio Strategy for PictureTel to adopt going into the 21 ' century
was decided. This work fulfills this mission. I hope those deciding to peruse this research derive as much
value from it as I did in the process of writing.

Description of the Research
The research utilized my internal knowledge of PictureTel, having managed the Audio and Video software
development teams for many years, and interviews held with other employees within the company to
develop a Resource-Based Analysis of the company within the Audio Product Development area. This
internal model was then compared with similar models defining the requirements needed to compete within
each of the two Audio industries of focus. The evaluations of these industries utilized discussions with
industry experts, research on individual companies, and industry reports on technologies. Combining these
two models will form the foundation of the recommendation for this research.

Objectives of the Study
The content of the research attempts to deliver a clear direction for PictureTel, given the internal
capabilities of the company and the changing area of Audio Technology. Since there is a plethora of audio
industries it was decided that the focus would be on Voice over the Internet (VoIP), and the Wireless audio
industry. This decision to look at these two markets was based on the size of the markets and the
similarities to PictureTel's technologies. A conscious decision was made to ignore secondary
Videoconferencing industries such as stand-alone echo cancellers or microphones. In the process of this
research, a framework for looking at strategy decision was developed which combined several current
methods into one method. This is not the focus of the research but a consequence of the process.

Organization of the Study
The report is broken up into seven chapters. Chapter

1 is the Introduction and overview of the research.

Chapter 2 delivers an initial description of PictureTel's history building up to the current strategy of the
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company. Chapter 3 then breaks down the internal capabilities of the company. Chapters 4 and 5 analyze
the requirements for the Voice over Internet Protocol (VoIP) and Wireless industries. Chapter 6 presents
the final recommendation strategy for PictureTel to go forward with. Chapter 7 outlines additional areas of
research.
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CHAPTER 2.0: PICTURETEL CORPORATION BACKGROUND
PictureTel Corporation is one of the world's leading manufactures of video communication systems. The
company offers a full range of products, from inexpensive desktop systems for individual
videoconferencing to large complex systems enabling multiple participants in several locations to
participate simultaneously within a videoconference. In addition to videoconferencing, the company also
has audio bridging services and products, offered through a wholly owned subsidiary named Multilink, and
a video streaming subsidiary named Starlight Enterprises.

The Beginning
Most children born in the United States during the sixties and seventies are familiar with the cartoon "The
Jetson's". This was a fictional view of the future where everyone lived in the clouds and drove spaceships.
The carton also envisioned communication through the use of Video-telephones. At the time most people
were watching this entertaining show the development of videoconferencing had already started. During
the 1960's AT&T had developed a videophone that would send and receive a series of still images over a
standard phone line. This product was disbanded when it AT&T realized that the technology was not
mature enough for general acceptance and the buying public was not ready to accept being seen when
talking on the phone at home.
As the technology progressed and travel expenses grew within corporations, video communications started
to gain interest inside the business community. The opportunity to improve the speed of communication
between geographically isolated locations had the potential to expose large productivity improvements for
many corporations. AT&T rekindled their video communications products and started to offer services for
rent in major US cities. The fees for this service were very large and the quality was poor, discouraging
demand for the systems. In 1984, the US government divestiture of AT&T made it possible for other
players to break into the telephone equipment market.

The Barriers
Many technology improvements were needed to make usable video communications a viable business tool.
Specifically there were three major areas: Video Compression Algorithms, Telephone Network Bandwidth
Improvements, and Application Specific Integrated Circuit (ASIC) Technology improvements.
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Video Compression Algorithms were required to minimize the large amount of video data associate with
transmitting high resolution, smooth motion video. These algorithms used Digital Signal Processing
techniques as their foundations and were being developed in research and academic environments.
Telephone Network Bandwidth Improvements were being introduced with a new Digital infrastructure
(ISDN) which supported data transmissions of 56kbits per second. With this amount of bandwidth and a
standardized digital protocol in place the foundation was set for new applications such as video
communication.
Advances in ASIC technology, specifically in the speeds and number of gates per device, made it possible
to implement both an audio and video compression algorithms within a single platform.
As these three domains came together the future of video communication started to become a reality.

The Founders
During the 1970s two MIT students were working on electrical engineering degrees, focusing on the
science of image processing and video data compression. With the direction of their advisor, Dr. David
Staelin, the three conceived a plan to develop and market video communication devices over this new
developing ISDN network. They initially focused on the video side of the problem, working on developing
a 'codec', an algorithm for compressing and decompressing video images from capture to transmission and
eventual display. As the plan progressed, the three members found financial backing from Robert Sterling,
an entrepreneur that specialized in high-tech ventures, forming Pictel Corporation on August 13, 1984.
Shortly after forming the company, Robert Bernardi and Dr. Norm Gaut were recruited to become part of
the management team. Later, Dr. Ronald Posner became the President and CEO and Thomas Spaulding the
CFO. With this team in place the company went public, prior to producing its first product, on November
8 th

in 1984, selling 2.2 million shares at $2 per share.

Name Change to PictureTel
Between November of 1984 and July of 1986 the team worked on making the first product. In the process
of this development a new compression algorithm was invented, MCT. With this algorithm the bandwidth
required to have quality video and audio communication was reduced from 768Kbits/sec to just
224Kbits/sec. The first product, C-2000, shipped in July catapulting Pictel to the leadership position within
the video communication industry. Their superior technology was their major differentiation and the
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quality of the product made the industry take off. During this time the company name was changed to
PictureTel to distinguish it from the common "pixel" term which was commonly mistaken for "pictel".

Maturing Products
The development teams continued to work on improving the Video and Audio quality. In 1988, a new
video compression algorithm called Hierarchical Vector Quantizing (HVQ) was released. This algorithm
allowed the usable bandwidth for video communication to drop by 50% to 1l2Kbits/sec. This algorithm
was introduced in two new product releases, the C-3000 video codec and the V-2 100 videoconferencing
system. The C-3000 redefined the price point within the market, being 50% below its nearest competitor
but offering superior performance. During the next few years PictureTel announced several additional
product releases, V-3 100 and the S4000 (a new videoconferencing system). The technology continued to
progress with improved video quality and a 7KHz 24Kbit audio compression algorithm called PT724. This
7KHz audio, defined as Wideband, was the first of its kind within the industry. The ability to offer higher
audio fidelity at lower bandwidths then the competition allowed for more bandwidth to be allotted for
video. This was particularly important in lower bandwidth connections. Also during this time the
company introduced a new echo-canceller, IDEC, which enabled full duplex speech transmission and
greatly enhanced the noise suppression and gain control of the audio signal. These improvements
established PictureTel's audio as the clear leader in the industry, pushing their audio several years ahead of
the nearest competitor.
In 1991 the International Telecommunications Union ratified the first videoconferencing standard for
communication over the ISDN medium, named H.320. PictureTel was a major contributor to this effort
and actively authored or co-authored many sections of the standard. This standard defined protocol, video,
and audio algorithms allowing equipment manufactured by all the competitive companies to inter-operate.
By 1993, PictureTel had developed a low cost PC based product (PCS 100), a multipoint bridge (M8000),
and a low cost room videoconferencing system (S1000). At this point PictureTel had over 70% of the
videoconferencing market and were well on their way to being the industries brand leader.

The Big Push
During the Mid-nineties the videoconferencing industry continued to grow at a 50% rate, PictureTel's
revenues grew from $176M in 1993 to $490M in 1996. During these years they continued to improve
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products with several follow-on releases to existing platforms and new products such as a fully integrated
system (one unit with Audio, Video, and a Network connection) for $9K called the Swiftsite. An
additional mid-range videoconferencing system called the S2000 was also introduced. This was the first
standards only product PictureTel had developed since the ITU's finalization of H.320.
With the advent of the network expansions within the industry, PictureTel was on the forefront of
developing a new videoconferencing standard for use over the Internet Protocol (IP) based networks. The
ITU completed the IP standard, H.323, in 1996. PictureTel quickly released a PC based product to support
the new standard called LiveLan.

The Market Slows
After 1996 the videoconferencing market started to slow down. Larger companies started to introduce
products. Intel came out with a PC based offering, Microsoft introduced NetMeeting and decided to give
away the application, other players also started to appear. There was considerable confusion about which
direction the industry would move in. I n addition to price confusion there was the introduction of packet
based videoconferencing products (IP based) which could be used over existing corporate networks instead
of the ISDN based systems. This additional competition forced PictureTel to lower prices. Subsequently
for the 1997 year PictureTel's revenues fell back to $466M with a net lose of $36M.
During this time the company restructured to eliminate non-profitable operations. In addition to this an
internal development which had absorb over 50% of the engineering resources for the previous several
years was cancelled. This forced the company to start a new product development cycle from scratch in
late 1997, giving the competition a large window of opportunity to introduce new products for which
PictureTel would not have a response to for several years.

Few New Products
In a competitive market, having a short development cycle is critical. Between 1997 and today PictureTel
has had one major technology innovation, the introduction of a speaker location camera (Limelight) which
would allow for hands free camera motion based on individual speakers within a room. There were few
other product releases, all the activity was around upgrades to existing platforms. This lack of cost
reduction and significant platform enhancements made the company very vulnerable to price competition.
In 1998 Polycom Corporation, founded by Brian Hinman after leaving PictureTel in 199 1,introduced a
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compact class product with moderate functionality. This product was developed by a spin-off from
PictureTel's major competitor, VTEL Corporation. PictureTel had the opportunity to purchase this
company in 1997 but decided to pass based on the fact that they were not developing anything that could
not be done in-house. As the internal developments struggled, Polycom introduced the ViewStation and
began to aggressively market it against PictureTel's high-end products. They priced it at a fraction of the
cost but touted the idea that it represented equivalent functionality. In the first quarter of 1999, barely a
year after the release of the product, the ViewStation had captured the market for the most units shipped in
a quarter.

The Polycom Killer
PictureTel released a competitor to the ViewStation in the first quarter of 1999, Swiftsite II. The product
was not ready for the market, to many bugs, and the market rejected it. This forced a recall of the product
and Engineering spent the next 3 months frantically fixing the outstanding issues. When the product was
re-announced it was under featured and has done poorly in the market. This mistake has added fuel to
Polycom engine and has enabled them to secure a larger foot-hole within the videoconferencing market.

Today
As recently as October 18"', 1999 PictureTel announced a new organization. The company was previously
managed as a single business unit, sharing functional components. This has now been partitioned into four
business units - conferencing products, services, MultiLink audioconferencing, and eVideoTM products.
Each of these business units will be responsible for its own profit and loss statements. The units will have
their own autonomous Sales, Operations, Development, Finance, Human Resources, and Product
Marketing groups. Their will still be a corporate Marketing group and Business office but each
independent business unit will be responsible for their own decisions and partnerships required to make
themselves successful. The basis for these changes are to allow each business area to gain focus, increase
efficiency, increase speed of execution, improve accountability.

Intel
In early 1999, PictureTel announced a joint development effort with Intel Corporation. Intel had been
PictureTel's largest competitor within the desktop space. This new alliance featured Intel investing over
$30M in PictureTel and initiating a joint development effort. The fruits of this effort have not been seen by
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the end customer yet but are do in the early 2000 time period. This joint development focuses PictureTel's
architecture to a single platform, which is an open PC concept. In the past PictureTel's high-end systems
have all had User Interfaces (UI) that were custom developed for the Videoconferencing application. The
user would not know if a PC existed within the system or not. With this new development, Windows will
be exposed to the user, allowing additional applications to sit on top of the basic videoconferencing engine.

Q399

Q299

Q199

Q498
Revenue

$ 98,467

$ 76,194 $ 85,974 $ 78,818

Gross Margin

$ 41,146

$ 24,223 $ 27,355 $ 24,935

Operating Expense

$ 47,188

$ 49,885 $ 51,184 $ 44,161

Operating Inc.(Loss)

$ (6,042) $(25,662) $(23,829) $(19,226)

Table 1: Business Performance over last 4 quarters'
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Figure 1: PictureTel's Stock Performance over last 5 years
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1997

1998

1999
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2001
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2003

CAGR 2000-2003

8

18

33

56

90

142

208

62.9

23

27

30

34

38

43

47

12.1

117

117

164

221

283

354

431

29.8

148

162

227

311

411

539

687

33.5

47

87

108

125

136

146

145

10.8

496

462

354

272

203

148

106

-25.6

138

103

100

93

84

75

64

-9.1

680

652

562

490

424

369

315

-13.6

Worldwide Shipment
(K)

Small Group
Videoconferencing

Group
Videoconferencing

Desktop
Videoconferencing

Total Worldwide
Shipments
Worldwide Revenue

($M)
Small Group
Videoconferencing

Group
Videoconferencing

Desktop
Videoconferencing

Total Worldwide
Revenue

Table 2: Shipments and Revenue of Videoconferencing Hardware, Source: Dataquest (July 1999)

The videoconferencing market has been flat for the last 2 years, at about $500M. As volume increases the
average selling price has decreased. This has made the industry fight for a limited amount of revenue,
simple redistributing it as time passes. PictureTel's revenues and gross margins have continued to decline
over the last year. This has resulted in continued losses, Table

1, and subsequent cost cutting actions. Wall

Street has responded by selling equity in the company, thus driving the stock price to a five year low,
Figure 1. The hardware accelerated videoconferencing market is expected to continue its decline in to the
next four years, Table 2.

Video Collaboration Network (VCN)
With the stagnation of Videoconferencing unit sales and the expansion of the Internet bandwidth
capabilities, PictureTel has moved its strategy to being one of a service enabler rather then a systems seller.
This strategy is based on providing a Video Collaboration Network (VCN) which is accessed via the
Internet and will provide video conferencing and multipoint capability much like the phone company offers
call forwarding or call waiting functionality. Much of this work has been developed via the StarLight
purchase. There has been an alignment with Enron Corporation, an up and coming Internet Service
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Provider (ISP), to deliver video services. This functionality is currently under development with the first
systems coming on line in Q4 1999. This strategy was described in the third quarter financial
announcement as:
"We call our strategy Visual Collaboration for the Net, which is the unification of several
collaboration techniques into a seamless environment that our customers can use over any
network - ISDN, Internet Protocol (IP), POTS, or any combination," Gaut said. "Under
the VCN umbrella, we are developing a new generation of products that will enable our
customers to successfully integrate video, audio and data over their network....'
The future of this technology is still unclear. The company is looking for a new market that can offset the
lose of revenue in the hardware area.
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CHAPTER 3.0: INTERNAL ANALYSIS
Developing the Audio Strategy
The process used to develop an Audio strategy for PictureTel combined the concepts from several works of
research. There is a plethora of techniques for evaluating the strengths of a corporation, Michael Porter's
"Value Chain" 4and Goodman and Lawless "Seven Steps of technological Mapping" 5 to name a few.
When reviewing the current literature it is clear that all of these techniques have been developed with one
goal in mind, determine the strengths and weaknesses of the internal capabilities of the organization. Once
these have been established then these characteristics can by correlated with the characteristics needed to
compete within a specific industry. The structure I have selected for the internal audit is one based on the
work of Robert M. Grant, a Resource-Based Approach to Strategy Analysis6 , with augments where
necessary. This collaboration technique was necessary do to the limitations of any one single technique.
The combination of the techniques revealed a structure that allowed for a complete analysis within a
78

controlled environment.,

Internal Analysis - Using the Grant Resource-Based Model
The Grant Resourced-Based model was used to determine internal capabilities of PictureTel. Inherent in
this model is a process for evaluating a company's internal strength. By analyzing these strengths it
becomes clear where the highest potential lies within the company. Without this analysis one could
determine a strategy which would destroy the companies strengths while a different direction would have
capitalized on them. The decision to destroy internal competencies may be a correct one but without
analyzing the capabilities a strategy could be impossible to implement.
The stages of the Grant model are:
I - Resources: Identify and classify the firm's resources. Appraise strengths and weaknesses to
competitors. Identify opportunities for better utilization of resources.
2 - Capabilities: Identify the firm's capabilities: What can the firm do more effectively than its rivals?
Identify the strength of the capability in terms of Core Compentencies.
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Resources
Company's resources are the basic unit of analysis. Resources by themselves do not produce a competitive
strategy or advantage. The cooperation and coordination of the corporation's resources are what build the
capabilities within a corporation. When evaluating PictureTel there are six major categories of resources
we will look at: financial, physical, human, technology, market reputation, and organizational.

Financial
Over the last few years PictureTel has continued to struggle for profitability. For the first three-quarters of
the 1999 calendar year they have lost a total of $68 Million dollars, bringing their total Cash Assets down
to slightly over $70 Million. This has become a major concern within the company and was given as the
reason for removing Bruce Bond from his position of CEO at the end of the Q3 1999 quarter. In an internal
speech by the new CEO, Norman Gaut discussed the fact that expenses needed to be cut to prevent further
erosion of the companies cash position. Given the decrease in the top line over the same period it is
consistent to state the financial position of the company is poor.

Physical
The physical resources of the company are limited in nature. It is primary focused on the equipment
needed achieve product development. This includes personal computers, competitive equipment, network
equipment, and test equipment. The company does not manufacture its own products. There is no strategic
advantage to the internal capital equipment other then the extensive testing facilities that have been
developed over the past five years.
The company has been consolidating its locations over the last year. Primarily located in the Andover
Massachusetts area, at one period occupying 4 separate locations, and California. This was intended to
support expansions to a $1 Billion dollar organization predicted in the 1997-98 timeframe. With the
slowdown in revenue growth, the company has constructed to two primary locations within Andover. The
company continues to have a presence in California, the location of the StarLight Company. Given the
type of business that PictureTel is in, high tech, location to software and hardware engineers is key to the
success of the business. Locating in Andover is considered a positive choice.
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Human
PictureTel's most important resource is its workforce. The creative nature of the videoconferencing
industry requires highly technical and motivated individuals to maintain a successful business. Over the
past two years the company has had two major changes within the management team. This has created
some disruptions within the development groups, causing attrition rates to be above industry averages. At
the time of this writing, there is still a core development expertise within the audio technology group.
There is also a strong development team that could be used to implement any future developments.
PictureTel has evolved into a software company with a small hardware group. The hardware group does
not have a design for cost background, they have tended to design for differentiation. The ability to market
products has always been a weak area for PictureTel. This trend currently continuous, as evident in the
ability of Polycom Corporation to sell an inferior product within the videoconferencing market. As
mentioned above, the company does not manufacture its own products, this is out sourced to the Solectron
Corporation in California. There is a small operations team that works to purchase components for
manufacturing and develop manufacturing tests. PictureTel currently sells 80% of its equipment through
channel suppliers. An example of this would be a major telecommunications company, AT&T. The
AT&T sales force would be the individuals interfacing with the customer. PictureTel would receive an
order from AT&T, not the customer directly, and ship the equipment through the AT&T installation
process. This method of selling has created a layer between PictureTel and its customers, only allowing
visibility to the 20% of the direct customers. This has created a problem with understanding the customer's
true needs, without access to 80% of the customers the new product's requirements come from only 20%of
the users. This creates products that are designed for a minority of the intended customer base. This inturn opens up opportunities for competitors to fulfill the needs of the other 80%. PictureTel has focused on
selling equipment within the Videoconferencing market. They have established channel partners within
this market but have limited relationships with other distribution channels. The Service group within
PictureTel is primarily focused on delivering conferencing services for audio and video multipoint
conferencing, within their Network Operations Center (NOC). The company out sources the support of
their equipment to a third party.

18

Human Resource

Competitive Analysis

Rating for Audio Businesses

Management

Many changes over last two

Poor

years. Poor knowledge outside of
Videoconferencing
Software Development

Strong development and

Above Average

integration experience.
Hardware Development

Limited Cost-based design, high

Average

volume design.
Operations/Manufacturing

Marketing

Out sourced, historically low

Average for Low Volume, Below

volume (IOOs/month) products

Average for High Volume

Limited budget, historically poor

Poor

effectiveness
Sales

Currently only 20% Direct, 80%

Poor

indirect. Targeted at
Videoconferencing channels only
Service

Conferencing Center not a

Below average

support organization, target is
videoconferencing with some
audio bridging services
Audio Research Team

Outstanding knowledge of Audio

Excellent

algorithms and acoustics.
Table 3: PictureTel's Human Resources Evaluation

Technological
The audio technology developed at PictureTel has fostered its lead within the videoconferencing industry.
From an internal survey, over 75% of the people who purchased a videoconferencing product did so, in
some part, because of the competitive audio performance. The core technological resource is a vast library
of audio software components, acoustic audio designs (Microphones and Speakers), along with varies
Patents and Internal Trade Secrets around these resources.
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Market Reputation
The audio reputation within the videoconferencing industry is excellent. The challenge for PictureTel is to
move this brand strength into a wider audio market. The last product announced by PictureTel was the
Swiftsite II. This product had to be called back two months after announcing it because of quality issues.
It then took another three months to fix the outstanding issues and re-release the product. This has left a
serious blemish on PictureTel's reputation. There are currently many in the industry that feel PictureTel is
not capable of delivering a quality product that can compete with others in the videoconferencing industry.
In general PictureTel does not have a reputation within any of the audio markets so it should be considered
average.

Organizational
Currently, PictureTel is structured in 4 Business Units: Services, Products, eVideo, and Multilink. They
have announced the intent to sell the Multilink unit. The eVideo business unit is focused on delivering
products that enable video conferencing services over the Internet. The Services unit has been discussed,
leaving the Products unit. This unit currently supports the development of the videoconferencing products.
From within this business unit the audio expertise currently exists. There are no tangible advantages to the
structure of this business unit compared to any other external competition. In fact, there may be an inherent
disadvantage given the overhead structure of the development process, impacting the minimum sunk cost
associated with any significant development.
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Resource

Evaluation

Financial

Poor Position compared to competition

Physical

Average compared to competition

Human

Broken out be discipline in Human section

Technological

Above Average compared to competition

Market Reputation

Average compared to competition

Organizational

Below Average compared to competition
Table 4: PictureTel's Organizational Evaluation

Capabilities
The capabilities of a company are made up by the combination of resources in such a way as to perform a
value-added function. The combining of Resources in a strategic manner can generate unique capabilities
that are difficult to mimic. The difficulty in replicating internal capabilities of another competitor is due to
the integrated manner in which capabilities exist. Individual resources may be mimicked but the
combination of multiple resources in a manner that adds value to an internal process often takes many years
to develop. When evaluating PictureTel's capabilities one needs to look at the capabilities required to
compete within different audio industries. This list will transverse multiple business segments and will be
the foundation for evaluating PictureTel's ability to compete within these markets. The categories include:
Product Development (Software, Hardware, and Mechanical), Technology Innovation and Integration,
Manufacturing, Distribution, Regulatory, Marketing, Sales, Partnership Development, and Standards
Influence.

Product Development (Software, Hardware, Mechanical)
PictureTel has shown an ability to develop products that incorporate functional components of software,
hardware, and mechanical designs. The ability to execute and deliver products that meet the market
demand is a core capability of PictureTel. In the last few years the company has struggled to deliver new
products, this has not been due to a total lack of execution within the development groups. A major
refocusing of the company's largest development effort cost two years of development resulting in lost time
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to market. This resetting occurred because of poor requirements up front, which lead to the development
teams producing a product that would not bring value to the customer. The schedules and scope of the
development efforts are typical for projects that have average budgets of $10 Million a year. The internal
organizations are optimized for developments of this size, sub-optimal performance is to be expected for
developments that are significantly beyond or below this cost effort.
A capability that should be noted is the software development of highly optimized DSP code. This tends to
be a critical component of integrated audio products. PictureTel's development team has excellent skills
within this domain.

Technology Innovation and Integration
PictureTel has pioneered innovations within the videoconferencing industry. These innovations tend to
come from the Research and DSP Software development teams. The cooperation between these teams has
enabled the success of several key components of technology within the audio subsystem. Specifically, the
audio technology that has been developed within the company has consistently delivered innovative
products to the market. The details behind this technology are found in the preceding section.

PictureTel Audio Evaluation
Innovations at PictureTel have been widespread. Their audio functionality has consistently lead the
videoconferencing industry. This area has been one of PictureTel's core differentiation. When
Videoconferencing first started, the focus was on basic functionality, particularly in the Video dimension.
As the products matured, the shortcomings within the audio subsystems limited the usability of the systems.

Solutions
As PictureTel grew in the late 1980s they added a small research team which included an audio component.
Over the next few years the company worked on improving the core functions of the audio subsystem.
These functions included Echo Cancellation, Noise Suppression, and Gain Control. These three
dimensions are critical to improving the natural feel that humans expect when in a phone conversation.
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Audio Innovation
The audio innovations have come in the areas of Audio Compression, Echo Cancellation, Automatic
Volume Control, Noise Suppression, and Audio Speaker Location technology. The company has derived
many patents from the research applied to each of these areas.

Innovation Process Flow
As an organization, the process for innovation generally starts with the research group. They will act on
input from Marketing or direct conversations with customers. A few researchers will then work to improve
the current technology or look for new approaches to solving the identified complaint. After a working
prototype has been developed, the idea is then presented to the development groups for integration into the
products that are under development or existing platforms. This transition typically takes many months.
Since the Research group is not tied to the schedules found within the development teams, their innovations
may not align themselves with ongoing development releases. This can cause the innovation to be pushed
out until a new product development is scheduled, so the innovation can be integrated in from the start.
The Research group at PictureTel has maintained its edge over the years, primarily through the retention of
key individuals. This core can build off the innovations that have been developed over the years, the
details of which are listed below.

Audio Compression
When transmitting sampled audio over a digital network the number of bits used in the transmission can
vary widely. Given the restriction of bandwidth over the existing transmission media: ISDN, Local Area
Networks (LAN), and Plain Old Telephone (POTs), the desire to send the highest quality audio using the
least amount of bandwidth has been the focus of many companies. Table

1 list some of the existing Audio

compression algorithms that are currently used for videoconferencing and other technologies.
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Audio Compression
Algorithm
G.711

Acoustic Bandwidth/
Network Bandwidth
3KHz/64Kbits

G.722

7KHz/48Kbits

G.728
PT724
G.722.1

3KHz/24Kbits
7KHz/24Kbits
7KHz/24Kbits

G.723

3KHz/6Kbits

G.729A
MP3
Advanced Audio
Coding (ACC)
Microsofts Codec
AT&T 716

3KHz/8Kbits
16KHz/64Kbits
16KHz/64Kbits

Industry/Technology
Videoconferencing,
VOIP, Streaming
Videoconferencing,
VOIP, Streaming
Videoconferencing
Videoconferencing
New,
Videoconferencing
Videoconferencing,,
VOIP
VOIP, Network
MPEG 1, RealAudio
MPEG2, Broadcast
Audio

PictureTel Technology

Yes
Yes

Table 5: Audio Compression Algorithms
This list is restricted because there are many compression algorithms that have been developed for
proprietary implementations. These are also supported by the streaming players, Netshow by Microsoft
and Realplayer by RealNetworks. Do to the open architectures within these tools, any algorithm developer
can 'plug-in' their own software extensions. Those supported by the major standards organizations, ISO
and ITU, are listed.
PictureTel has developed two algorithms: PT724, which is not a standard, and G.722.1 that is a standard.
The development of this type of technology requires the company to support compression experts in the
audio technology space and real-time software developers to implement the algorithm on a platform that
can demonstrate the capabilities of the technologies.

Echo Cancellation
The acoustical challenges associated with having an open microphone and a speaker active within a short
distance from each other are difficult to solve. The microphone will pick up the audio from the speaker,
which has already been sent from the person at the far-end of the call, this will then be sent back to the
original speaker. Without 'cancelling' the speech that comes out of the speaker, a videoconferencing
system is unusable. PictureTel has developed an algorithm which is superior to the rest of the industry.
This algorithm is called an Integrated Dynamic Echo Canceller (IDEC) and was developed and integrated
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into PictureTel's products. To develop this type of technology the company needs to invest in individuals
that understand acoustics, digital signal processing techniques, and real-time software developers.
Appendix

1 - Patent: US5305307: Adaptive acoustic echo canceller having means for reducing or

eliminating echo in a plurality of signal bandwidths.
Appendix 2 - Patent: US5263019: Method and apparatus for estimating the level of acoustic feedback
between a loudspeaker and microphone.

Automatic Volume Control
Given that most videoconferences occur with multiple participants, the microphone tends to be at varying
distances to each speaker. Individual voices tend to vary in both frequency and volume. In addition to
these variants there can also be noise sources that can impact the microphone's pickup. To correct for these
variables, an algorithm designed to modulate the volume picked up from the microphone can greatly
enhance the quality of the audio. The goal of this algorithm is to smooth out the changes in the audio,
when there are changes in speaker volume adjust it to a nominal level so the far end always receives a
constant volume. Although several companies have developed this technology, PictureTel has one of the
best implementations. To develop this type of technology the company needs to invest in individuals that
understand digital signal processing techniques, and real-time software developers.

Noise Suppression
In addition to an Automatic Volume Control algorithm controlling noise sources can improve the
naturalness of the audio portion of a videoconference. This technology detects noise sources and reduces
the volume of the frequencies associated with such sources. A good example of a noise source is a laptop
computer fan that is placed near the microphone. Without Noise Suppression the constant fan noise would
be heard throughout the call, with the filter the noise is removed while the speech still heard. Noise
Suppression also reduces the Volume Control from increasing the audio gain to a level that is too loud
when there is no one speaking. . To develop this type of technology the company needs to invest in
individuals that understand digital signal processing techniques, and real-time software developers.
Appendix 3 - Patent: US5550924: Reduction of background noise for speech enhancement
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Audio Speaker Location
As the algorithm improvements within the audio subsystems became more difficult to differentiate. The
research group at PictureTel developed an external speaker location technology that coordinated the
movement of the video camera with the pickup of the audio within the conferencing room. This became
the foundation of the speaker location algorithm. Using 4 microphones an algorithm was developed which
could pinpoint the speaker's location within the room. This information was then used to direct the camera
and zoom in on the speaker. This technology was packaged as a stand-alone peripheral and sold with highend video conferencing systems. To develop this type of technology the company needs to invest in
individuals that understand acoustics, digital signal processing techniques, and real-time software
developers.
Appendix 4 - Patent: USD0389839: Directional microphone
Appendix 5 - Patent: US5778082: Method and apparatus for localization of an acoustic source

Marketing of the Audio Technology
The technologies described have been marketed as two independent feature options for PictureTel's
videoconferencing products. The Audio Speaker Location algorithm has been developed into a high-end
camera that is bundled on some systems and is sold separately on others for a list price of $2500. Below is
the product description found on the PictureTel website:

PictureTel's LimeLightTM dynamic speaker locating technology makes group videoconferencing easier,
more natural, and more spontaneous than ever by automatically locating and framing speaking participants
anywhere in the room. Unlike other systems that require specially placed room microphones, LimeLight
has the intelligence to locate voices on its own independent of microphone placement. As a result, having
LimeLight is like having a camera operator in the room with you -- 24 hours a day, seven days a week.
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Video meeting participants can focus completely on the meeting itself -- not on the mechanics of the
technology -- thereby ensuring a more comfortable, hassle-free videoconferencing experience.
LimeLight's elegant, unobtrusive design integrates visually and physically with the PictureTel Power Cam
100, and it can be installed easily.

Benefits
*

Intelligently positions the camera to frame whichever meeting participants are speaking, anywhere
in the room
"
Automatically adjusts camera position and zoom to keep multiple speakers in view when more
than one person is speaking
*
Enables organizations to conduct spontaneous, natural video meetings without moving the camera
manually
" Locates meeting participants by the source of their voices, enabling them to change positions in
the room
Installs easily and integrates unobtrusively with the videoconferencing.
The Acoustic algorithms; Echo Cancellation, Automatic Volume Control, Noise Suppression have been
bundled into a package branded 'Virtuoso'. Below is the description of the Virtuoso package found on the
PictureTel website:

The Virtuoso Audio Package is a collection of advanced technologies that work together to deliver clear,
rich sound to all PictureTel Group Videoconferencing Systems. Virtuoso makes it easier for PictureTel
users to hear and understand all meeting participants for a more comfortable videoconferencing
experience.

Benefits
" Eliminates
*
*
*
*
Offers

distracting background noise using PictureTel's patented Automatic Noise Suppression
technology
Uses Automatic Gain Control (AGC) to ensure that all meeting participants can be heard clearly at
a consistent volume level
Includes the PowerMicTM smart microphone, which electronically locates the person speaking,
anywhere within a 360&deg; radius
Delivers full, FM-like quality audio using PictureTel's PT724TM Wideband Audio Algorithm
Eliminates unnatural echo and automatically adjusts for changes in room acoustics with Integrated
Dynamic Echo CancellationTM (IDEC) technology
an optional Boseo Speaker System for the ultimate in high-fidelity sound.
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Manufacturing
The manufacturing capability at PictureTel is limited to working with an external contract manufacturer.
The company does not have manufacturing facilities. The core competency is the ability to understand the
manufacturer capabilities and optimize the development teams to these external skills. The products
developed by PictureTel have low volumes compared to most Audio products. There is no internal
capability to design and manufacture high volume products.

Distribution
The videoconferencing market has evolved to a channel distribution model. PictureTel has partnerships
with many worldwide distributors. Given that the price point of most audio products is significantly lower
then the price of videoconferencing systems, a channel distribution model will also be used. Although
PictureTel does not have channels in these markets, many of their videoconferencing channels also support
audio products. The ability to establish channels and understand the requirements of such a business
relationship is a plus. Not having the channels already, when trying to go into an established market, is a
negative.

Regulatory
The world of telecommunications is full of regulations! Every country has their own version and it takes
expertise to understand all the issues. PictureTel has developed a core competency in dealing with such
issues. This will not be a burden for the company when looking to expand into other markets.

Marketing
The Marketing capabilities at PictureTel are limited. The marketing group does not have a large budget
and tends to do more industry awareness campaigns then direct product marketing. This will work for an
industry that is struggling to grow, such as videoconferencing, but many audio technologies do not need
this type of marketing.
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Sales
The Sales team at PictureTel is limited, given the indirect sales model used. The internal sales competency
is in establishing indirect relationships rather then customer direct relationships.

Partnership Development
PictureTel has a small business development team. They have established strategic relationships with Intel
and Microsoft, too name a few, in the past. In general the team is not very active and cannot be considered
a core competency.

Standards Influence
PictureTel is an active member within the International Telecommunications Union (ITU) and the
International Standards Organization (ISO) as well as other smaller standards groups. The ITU and ISO are
the two current leaders in defining telecommunications protocols. The activity established within these
groups should help PictureTel to establish technology credibility when looking into new business areas.
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Capability

Competitive Capability

Core Competency

Product Development (Software,

Differentiated Integrated

+

Hardware, Mechanical)

embedded products

Technology Innovation and

Many Audio Technologies and

Integration

Products

Manufacturing

Outsource management

*

Distribution

Channels

*

Regulatory

Current Understanding

*

Marketing

Industry Focused

-

Sales

Indirect

*

Partnership Development

Minimal

Standards Influence.

High activity within Audio
standards area

Legend:
+
*
-

Core Competency, adds a competitive advantage
Neutral Competency, no advantage
Minimal Competency, competitive disadvantage
Table 6: Capability Summary
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CHAPTER 4.0: VOICE OVER INTERNET PROTOCAL
Voice Over Internet Protocol (VoIP), also know as Voice Over Packet Networks (VoPN), is a disruptive
technology that will change the way voice based information is transmitted between individuals. Currently
the dominant design for transmitting voice is to use the existing Public Switched Telephone Network
(PSTN) which began development shortly after Dr. Alexander Graham Bell on March 10, 1876 invented
the telephone. Work on a public telephone network was well underway in 1878 when the first commercial
telephone exchange was brought into service in New Haven, CT. Ultimately, one of the largest companies
on this Earth (American Telephone and Telegraph) was spawned. Its been noted that at one point, AT&T
employed over a million people! Dataphone Digital Service (DDS) started deployment in 1974, bringing
digital transmission facilities to the customer's premise.9 DDS circuit deployment also accelerated the
conversion to digital networking within the Bell System. VoIP is a technology that utilizes the digital
attributes of this new network. The migration of voice to this new network has been labeled 'convergence'.
The idea is to combine both Data and Audio traffic under the digital network allowing significant cost
savings within the telecommunications industry. With the expectation that this market will be grow
significantly over the next 4 years:
"There seems little doubt that Next-Generation Telcos are pursuing a potentially huge
marketplace. IDC (Framingham, MA) claims that converged networks only carried about 1
percent-or $700 million-of total voice traffic last year, but projects that the level will grow to
13 percent by 2003, and have a value at that time of $24 billion." 10

With a market opportunity of $24 Billion by 2003 this market is much too large to ignore. Given the goal
of looking for opportunities for leveraging PictureTel's Audio technology, the size of the VoIP market
makes it one that needs to be analyzed.
Within the analysis of the VoIP opportunity the Technology, Market, and Competitive Landscape areas
will be evaluated. It is critical to look at all three of these dimensions when determining the strengths and
weaknesses of a technology opportunity.

Technology
The structure of this evaluation will be to look at the Current State of the Technology, the Current Stage of
Development, if a Dominant Design has evolved, and Future Prospects for the technology. Each of these
areas are needed to address the technology as a whole.
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Current Technology
The VoIP industry is in a state of constant evolution. There are many players committed to creating a
solution, each one looking to differentiate their designs. The number of vendors is constantly growing, the
largest portion are involved in the network equipment needed to enable the architecture.
Table 7 shows a list of the current vendors offering VoIP network equipment:
Corporations developing
VoIP Network equipment
Ascend

Motorola

Cisco

Multi-Tech

Digi

Netrix

E-Fusion

Netspeak

Ericsson

Nokia

Hypercom

Northern Telecom

Lucent

Nuera

Lynk

Radvision

Memotec

Siemens

Vocaltec

Table 7: List of current VoIP Network Equipment manufacturers
These corporations are developing the Gateways that will act as the interface to the public networks. An
example of an architecture for a VoIP network is shown in Figure 2: VoIP System Architecture.

32

Gatekeeper

H.323 Terminal

Route

RIuDN

RoutRruMeU

Enterprise
Network
Gateway

Figure 2: VoIP System Architecture"
As you can see the Gateway is the element which connects each network or device together to enable
communication between the endpoints. This architecture is currently being used to replace the existing
PBX network structure that has dominated for years. The limitation of the PBX architecture is that it only
effectively supported audio data. A separate network was required to support Data traffic, generally
transported over public Internet or private Intranet networks.

An example of a current solution offered by Cisco systems can be seen in Figure 3.
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This solution enables the direct connection of audio between terminals within the Internet Protocol (IP)
Network and a transformation through the Digital Access Gateway to a PBX for communication

33

over the

existing PSTN networks. This is the current highbred network solution that is in existence today, given the
current transitional state of the network infrastructure.
Protocols are extremely important within this network. These are the mechanisms for which each device
communicates. Initially these were proprietary in nature, these have evolved and Standards were created to
help establish interconnectivity between vendors. This was necessary to gain acceptance within the large
telecommunication companies, reliance on a single supplier would not have been allowed given the
enormous power of the existing telecommunication companies. The first standard accepted was H.323,
developed by the International Telecommunication Union. This standard has been implemented in most
Gateways to date. Recently a second standard was created, the Media Gateway Control Protocol (MGCP).
This standard was developed due to the high overhead and lack of scalability found in initial versions
H.323.

The client side of the solution can be found in two forms: Traditional Handsets and Voice Applications for
Personnel Computers (PC). The traditional handsets are part of the total solutions that are presented by
companies such as Cisco. The handset is guaranteed to inter-operate with their Gateways, providing the
highest level of service for the system. This solution is targeted at corporate networks rather then the
consumer market. The consumer market has started to use software solutions that run on existing PCs.
These software packages utilize a sound card, microphone, speaker and modem to create the phone. The
user needs to connect with an Internet Service Provider to attain access to the Internet. At this point, the
software converts the audio from the microphone into VoIP data and transmits it. The Gateways in the
PSTN network will inter-operate with this data and connect the call to either another digital phone or a
traditional analog phone. Several products have been introduced; Net2phone and Dialpad are two of the
most successful.

Current Stage of Development
The technology in all areas of the industry continues to improve. There are many players in the industry
and few successful stalking-horse implementations to rally the industry. This has raised skepticism within
corporate IT departments. The current phone networks work and have an extremely low down time rate,
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typically less than 4 hours a year. On the other hand, Data networks have terrible reputations for
inconsistent behavior and periods of down time. To move a critical component of a business from a true
and tried network to a new and unproven one will require a very attractive payback. At this point the
general feeling is that the solution has yet to mature but will within the next few years. The "bugs" will be
worked out in local Intranets and then rolled out as a wider solution. It is correct to say that this technology
has yet to "Cross the Chasm" as Geffory Moore defined it. This is the time when a new technology
becomes accepted by a wider userbase, outside of the early adopters and technology enthusiasts.

Current usability issues that need to be addressed are:
-

Packet Loss within the networks. As the networks become congested they tend to drop information.
The design of IP networks was based on a "best effort" packet transport. This meant that if the
network became to busy it was lose information and the clients on the network needed to support this.
Unfortunately, when having a real-time audio conversation with someone and part of a word is lost in
the communication, participants start to lose understanding. When this happens several times a
second, the system becomes unusable. This is still a problem with VoIP calls. The Quality of Service
(QOS) is not 100% guaranteed. For VoIP to take off this needs to be corrected.

-

Delay within the network. Human beings can detect delay within a conversation when it exceeds
50ms. The conversation becomes unnatural when the delay exceeds 250ms. Currently VoIP networks
experience delays above 250ms. This delay be improved by sending smaller packets of audio data
more often, one every 20ms, but these smaller packets add to network traffic due to overhead
associated with the transmission protocol. Determining the optimum solution for this is a tricky
endeavor. Network equipment providers need to work on getting delay out of their equipment to help
improve this dimension of the system.

-

Packet Jitter when receiving data. This is the phenomenon that occurs when there is inconsistent
network congestion. Packets get delayed but the delay varies. If this were not corrected one would
hear burst of sound and then no sound and then more bursts. The current solution for this is the
addition of "Jitter Buffers" on the receive side of the conversation. This is fundamentally an
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additional buffer that holds the data for sometime to ensure packets can arrive within a specified
window. This additional buffer adds significantly to the delay within the system.

Dominant Design
A Dominant Design has yet to be derived. There are still some that feel two independent Data and Voice
networks are needed given the requirements associated with each vary. The introduction of Standards
within all of the competing solutions has yet to occur. The Standards are still evolving, the introduction of
MGCP within the last year is a signal of this. The actual transmission of the digital data over the backbone
is still under discussion, Frame Relay or Internet Protocol (IP). There are still many Audio algorithms that
are used within VoIP equipment:
"

G.711 pulse code modulation (PCM)-G.711 is the standard from which all digital voice
begins. G.711 specifies the initial analog-to-digital conversion of speech. As such, the
standard is not technically a compression algorithm, but it does establish the initial quality
measurement for "toll-quality voice."

*

G.726, G.727 adaptive differential pulse code modulation (ADPCM)-ADPCM is the oldest
form of voice compression. It has been deployed in TI/E1 networks, international public
switched networks, and wireless networks since the early 1980s. It can operate at a number of
different bit rates, with the most popular being 32 Kbps and 16 Kbps. The Frame Relay
Forum has chosen ADPCM as one of the compression techniques in the Voice over Frame
Relay Implementation Agreement.

"

G.728 low delay code excited linear predictive coding (LD-CELP)-Unlike PCM and
ADPCM, which are waveform coding techniques, LD-CELP is a predictive coding technique
that provides very high quality with moderate bandwidth consumption. The additional
tradeoff with LD-CELP is that it requires more processing power to implement than ADPCM.
As a result, LD-CELP implementations are generally based on DSP and are usually more
expensive than ADPCM implementations, which are based on large-scale integration.

"

G.729 conjugate structure algebraic code excited linear predictive coding (CS-ACELP)-CSACELP is the most contemporary and aggressive compression algorithm in use. It delivers
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toll-quality voice at bandwidths as low as 8 Kbps. The Frame Relay Forum has chosen CSACELP as one of the compression techniques in the Voice over Frame Relay Implementation
Agreement.
*

G723.1 multipulse maximum likelihood quantization (MP-MLQ)-MP-MLQ is another
aggressive compression technique that offers quality voice transmission at rates of 5.3 Kbps
and 6.3 Kbps. 3

This has made interoperability an issue since not all vendors support all of the algorithms. The common
mode is G.71 1, which may have the best fidelity, but it also uses the most bandwidth per call. H.323 is a
protocol with many extensions and features. Here again, no two equipment providers have implemented
exactly the same features. This also impacts the quality of the calls across different vendors' equipment.

Future Prospects
Given the issues laid out, the future still looks good. Since the technologies described are on the low end of
the Technology 'S' curve, and there are so many companies racing to become the market leader. It would
appear that the rate of innovation will dramatically increase over the next few years. This will result in the
appearance of networks that have low delays and minimum packet lose. Specifically, some of the known
trends will be the explosion of network bandwidth and improved packet handling within network
equipment. This will be related to improvements in software and Application Specific Integrated Circuits
(ASICs) designs.

Evolution of a Dominant Design
It is clear that to make a major step towards the success of a network that achieves convergence of voice
and data, all of the stakeholders need to envision a piece of the success. The PSTN providers need to work
with the Network Equipment companies to create a Win-Win solution. The PSTN provider
(Telecommunications companies) need to see a way to expand their opportunities and offer more high
margin applications to offset the reduction in long distance revenues. The Network Equipment companies
need to recognize that they are not going to replace the Telecommunications industry, but instead, need to
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work with them. With the collaboration of these two industries, a comprehensive standard can be
developed which will allow a design that will cure the current limitations of the network infrastructure.

Market
The VoIP, market is driven by the demand for a unified network that supports both the transport of Data
and Audio, eventually adding Video. The ultimate goal is too integrate these networks to achieve the next
level of economic efficiency on a national and global level. The majority of the current revenues have been
generated by public Internet telephony (mostly international long distance arbitrage) and enterprise
applications for Fortune 2000 companies (15% deployed VoIP fax, voice mail, and business-to-business
and intracompany calling).
The predictions for the next 5 years are an expansion of the PSTN market. This will be driven by increases
in Internet traffic carrying international long distance audio calls, versus the feared transfer of traffic to the
Internet from the PSTN network. This growth is expected to be between

1 and 5 percent. The consumer

market is likely is likely to grow slowly, tracking the improvements within the public Internet.1 4 The likely
client model will include PC to PC, PC to telephone, and telephone to telephone.
Fortune 2000 companies have started to shift their less critical international voice communications to IP
telephony services provided by ISPs and private packet services (ATM, frame relay, and IP).

The demand for VoIP will continue due to many reasons: regulatory, commercial, technological, and
ideological. The initial drivers for audio over IP have been the allure of cost savings. This is always a
driver within enterprise solutions. In addition to this, the ability to deliver critical services, not just noncritical audio traffic, will increase the market. Without crossing this barrier the acceptance of VoIP will be
limited to a niche market. Applications that equal and extend the current PSTN features could also attract a
larger market.

It takes time to turn an ocean liner. This liner is the infrastructure of ATM and Frame Relay found in the
PSTN. Billions have been invested in this infrastructure. The ability to support both IP and the existing
PSTN network architecture will break the capital capabilities over time. A decision will need to be made,
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forcing a dominant design. This design needs to replicate the current carrier class level of stability and
quality of service (QoS) currently found in the PSTN network.

Revenue for the VoIP market, a mere $342 million in 1997, will have grown by a factor of more than seven
to the end of 1999, with a market size of over $2.3 billion. Fixed line services overall will increase at a
healthy CAGR of 7.6 percent between 1999 and 2003. Yet VoPN revenue is expected to sport a CAGR
exceeding 100 percent over the same period with a market size of over $36 billion in 2003. This is the
fastest growing segment of the voice market. The entire worldwide market in telecommunications services
and equipment is projected to be over US$1 trillion in 1999 and to grow at a significant rate through
2003.'"

Substitutes
There are two fundamental components to the VoIP architecture, the network component and the
transmission component. Both of these areas could see significant changes over the coming years as
research is applied to raising the quality of the solution.
The network alternatives are to use the existing PSTN solution and forego a change to IP or leverage the
growing Wireless infrastructure to eliminate the landwired network. The PSTN network has many
advantages over the new VoIP solution: quality, reliability, existing infrastructure, user confidence, and
value added services. Wireless has captured 24% of the worldwide audio traffic 16. The rapid growth is
expected top slow compared to VoIP but this significant market penetration strategically enables wireless
to expand by adding valuable additional services, such as Internet access.
The transmission component includes the protocols and compression techniques. Both of these areas have
a significant amount of research being applied to them. The expectation is that the H.323 and MGCP
protocols will not coexist or a third alternative will emerge. The audio compression algorithms will
continue to improve with better packet lose resilience and higher fidelity capabilities.

User Benefits
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The largest benefit to the infrastructure companies is having a single enterprise network, single backbone
for both audio and data. This will allow for support and development cost savings. The end user will see
the benefits of combining data applications with voice, in applications such as work collaboration from
multiple remote sites at a click of a button.
The integration of the Internet and voice will add to customer service and direct sales opportunities. The
integration of voice and video will become a follow-on service as the network QoS issues complete
resolution.

Market Emergence
Given the large investment within the existing PSTN infrastructure and the improvements that are still
needed to support a fully converged network, the phase-in of VoIP will take up to 20 years too truly "Cross
the Chasm"

17.

This is the ability of a technology to move past the early adopters and be accepted by the

majority of the users. Without QoS very close or better then the current PSTN solution, the acceptance of
VoIP will continue at a stunted pace. A critical service that will drive the market is the assurance of
privacy. Currently, there is a high level of confidence that a landline call is a private connection. The
assurance of this notion needs to be captured for VoIP calls to win 100% of the Enterprise solutions.

Market Opportunities
The Market is split into two main categories; Small VoIP players looking to add value versus Large
infrastructure companies that will provide the network. The large players will drive the QoS issues and
reap a larger percentage of the revenues as the market expands. The smaller players have an opportunity to
create value by differentiating applications and implementing partnering strategies. Given the focus of this
thesis is to address the market of PictureTel, this section will focus on the opportunities for the smaller
players.
-

Given the infrastructure, such as routers and switches, is a mature technology industry, the
opportunities lie on the outside of the infrastructure. One critical area is the VoIP Gateways or
Servers. The need for highly integrated equipment running many instances of the protocols and
compression algorithms will be critical to reducing cost to the network providers.
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-

Web call connectivity software. Smart protocols that can optimize the transmission of calls to ensure
the highest level of success. This could be the heart of the smart client running within an enterprise
solution.

-

Higher fidelity audio algorithms for greater differentiation against the existing PSTN solution. Given
the QoS of the PSTN network, offering quality improvements in other areas could move more
adopters into the VoIP space.

-

Services - Integrated email and answering services, Billing, Chatroom capabilities, intercom for
Enterprise solutions, multipoint functionality, combined voice and data products. These are a few of
the many value-added services that can make the industry expand its reach.

Regulatory
As the Internet grows in popularity the federal government continues to revisit the regulation decisions
from the Telecommunications Act of 1996. This act allows positioned the ISPs in a group that is not
providing interstate telecommunication traffic. This allows them to avoid paying the federal Universal
Service Fund, a tax of amounting to 3 percent. The statement below details the position of the government:
MYTH: Internet service providers (ISPs) and cable companies are getting a free ride, they can take
money from the universal service fund but they don't have to pay in.
FACT: The Telecommunications Act of 1996 specifies that carriers that provide interstate
telecommunications services are required to contribute to universal service support. The statute
also requires that the Commission implement universal service support in a competitively neutral
manner. The Commission has adopted rules that meet these directions. ISPs do not meet that
definition of providers of interstate telecommunications services and therefore do not
contribute directly to the fund. At the same time, contributions to the fund will be based on
telecommunications revenues so ISPs will contribute indirectly through their purchase of
telecommunications services. Allowing ISPs and cable companies that provide Internet access to
schools and libraries and rural health care providers to receive support meets the
goal of competitive neutrality and facilitating their access to advanced services. Otherwise, ISPs
affiliated with telecommunications carriers would be favored over independent ISPs, and schools
would have far fewer options and likely have to pay more for the services they need.1 8
This does not mean that the government will always stay away from taxing this traffic. As VoIP grows the
regulating bodies within the government, in a self-preservation act, will be looking for tax opportunities.

Competitive Landscape
The competitive nature of VoIP is along client technologies and complementary applications. The network
infrastructure companies have established market power by pushing the technology diffusion rate and
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creating distribution expertise. The telecommunication companies have market power due to their
enormous client base that drives a large revenue stream and their existing capital resources. They are also
regulated aggressively, which can limit them but also offers a level of protection.

Basis of Competition
The basis of the competition within the client space will be to develop the most robust technology and then
drive market acceptance. Since most of these components will be software driven the marginal cost is
close to zero. The ability to become a standard and then license to many users or create 'lock-in' for your
solution will drive successful companies. Competition within the Gateway space will be along the lines of
capacity. The ability to handle many sessions of H.323 or CMGI will become a major selling factor.

Competencies
Product Development
The ability to produce new products is critical within this industry. Technology is changing rapidly with
new revolutionary innovations being created at an accelerated pace. Companies with strong development
teams that can transfer innovations to products effectively will win out. The current business environment
sees many of the larger companies offloading high-risk developments to smaller startups. As the
technologies mature they acquire and integrate these new disruptive technologies into their existing product
lines. This approach itself has risk, some companies may not want to sell, but has been effectively
implemented by companies such as Cisco Systems. 19

Technology Innovation and Integration
There are two options, Make-it or Buy-it. Those companies that make it will enjoy a lower price profile,
assuming effective development practices. The companies that buy innovation may also be rewarded if
they are capable of integrating a total solution rather then just a single point of differentiation. The
infrastructure components will require innovation to differentiate and protect against revolutionary
technology. The application components can rely on licensing to deliver average products which can be
added to 'whole solution' offerings. To truly differentiate an application, innovation will be required.
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Manufacturing
The infrastructure companies need to understand the issues associated with manufacturing and have access
to volume and inexpensive resources. This may be achieved via contract manufacturing, given the volumes
needed.

Distribution
Worldwide distribution is essential for infrastructure components. The applications may be able to rely on
the Internet as a way to distribute products. Bundling is also a technique that software solutions may use.
Marketing
The infrastructure equipment is sold to a limited customer base so wide marketing is not necessary. The
applications will demand a wider audience. The ability to market application solutions will be one of the
most critical components to the success of an applications company.

Sales
Direct sales within the infrastructure business. The applications based products tend to be sold over the
Internet or bundled with other software. Initially, network companies, Cisco Systems, looking to push the
new paradigm, will provide Enterprise solutions.

Partnership Development
This will be a key component for the entire industry. With technology moving at this rate and innovation
coming from many sources a companies ability to partner will become a key advantage. To leverage other
technology which will add to your own value proposition is a necessity in an environment where the
diffusion rate of innovation is high.
Regulatory
The key here is to understand where you can be impacted, from a financial and architectural level. A
competitive advantage can be had by those who understand how to influence and work within the system.

Standards Influence
There are several standards groups that are critical to be influential in, ITU and ISO. These are the groups
that will determine standards within the VoIP industry. In addition to these groups, there are industry user
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groups that also provide influence within the community. Involvement is these will sustain a view into the
direction of the technology.

Competencies

Requirements (Infrastructure)

Requirements (Applications)

Product Development (Software,

Execution, Embedded

PC and Internet

Hardware, Mechanical)

Development

Technology Innovation and

Network and Audio

Network and Audio

Integration

Technologies

Technologies

Manufacturing

Network and Gateway

None

Distribution

Direct and Channels

Internet and Channels

Regulatory

Knowledge and Influence

Knowledge and Influence

Marketing

Few Customer, limited scope

Consumer Based

Sales

Partnerships Indirect

Consumers

Partnership Development

High

High

Standards Influence.

Long term influence is needed

Long term influence is needed

Table 8: Requirements for VoIP Market
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Industry Needs
Quality, Quality, Quality! The barrier for acceptance of VoIP is the poor quality. The latencies and
dropouts prevent the technology from becoming wide spread. The creation of a client side solution for this
lack of QoS will enable a broader-scale of acceptance for individuals and enterprises. The Poll results
shown in Figure 4 represent the quality concerns. 47% of the individuals polled stated that quality was the
reason for not using VoIP. Unless this number improves the success of the industry is in question.

Quality of VOIP
teway
calls

Long-distance calls

handled by
Vop

Reasons for not using VOIP

48
Quality of VOIP

service
calls

45%
from data bandw
nel
Takes
2%Prop rietary
52%

20
Figure 4: Data Comm Poll Results

Analysis
This section looks at the VoIP market and correlates the industry requirements with PictureTel's
capabilities. The result is a recommendation for PictureTel's future developments and business
opportunities.

Infrastructure Market
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Capability

Competitive Capability

Requirements

Correlation Rating

(Infrastructure)
Product Development

Differentiated

Execution, Embedded

(Software, Hardware,

Integrated embedded

Development, Carrier

Mechanical)

products

Class

Technology Innovation

Many Audio

Network and Audio

and Integration

Technologies and

Technologies

Neutral

Strong

Products
Weak

Outsource

Network and Gateway

management

Carrier Class

Distribution

Channels

Direct and Channels

Neutral

Regulatory

Current

Knowledge and

Strong

Understanding

Influence

Industry Focused

Few Customer, limited

Manufacturing

Marketing

Neutral

scope
Sales

Indirect

Partnerships Indirect

Strong

Partnership

Minimal

High

Weak

High activity within

Long term influence is

Strong

Audio standards area

needed

Development
Standards Influence.

Table 9: VoIP Infrastructure Correlation Matrix
Strong Correlation
Technology Innovation and Integration, Regulatory, Sales, and Standards Influence are all areas where
PictureTel has strength within the infrastructure market. Two of these categories are also Core
Competencies at PictureTel. This fact improves the chances of being successful in this area.
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Neutral
Product Development, Distribution and Marketing are considered neutral. These are areas where
PictureTel should consider liabilities. The existing internal knowledge and processes should be enough to
support this business area.

Weak
Manufacturing and Partnership Development are areas where PictureTel have weak capabilities with regard
to the needs of the industry. These are areas that would need improvements within the company to
compete within the industry.

Recommendation
Without the improvement within the company in the area of Partnership Development any success within
theses industry will be difficult. With technology moving at the current pace, having weak business
relationship skills will over-shadow any development capabilities.
With a partnership with a current manufacturer of carrier class equipment in the telecommunications space,
there is an opportunity for PictureTel to become a player as a developer of embedded applications. This
would make sense only if PictureTel could influence the partner to integrate their technology that would
then be matched with an independent VoIP client or application. Without this additional effort it does not
make sense for PictureTel to try and compete within this industry unless there is a significant commitment
to developing skills in designing and manufacturing carrier class equipment. This skill will take several
years to develop, with a high risk of failure.

Applications Market
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Capability

Competitive Capability

Requirements

Correlation Rating

(Applications)
Product Development

Differentiated

PC and Internet

Weak

(Software, Hardware,

Integrated embedded

Mechanical)

products

Technology Innovation

Many Audio

Network and Audio

Strong

and Integration

Technologies and

Technologies

Products
Manufacturing

Outsource

None

Strong

management
Distribution

Channels

Internet and Channels

Neutral

Regulatory

Current

Knowledge and

Strong

Understanding

Influence

Marketing

Industry Focused

Consumer Based

Weak

Sales

Indirect

Consumers

Weak

Partnership

Minimal

High

Weak

High activity within

Long term influence is

Strong

Audio standards area

needed

Development
Standards Influence.

Table 10: VoIP Applications Correlation Matrix

Strong Correlation
Technology Innovation and Integration, Manufacturing, Regulatory, and Standards Influence are all areas
where PictureTel has strength within the infrastructure market. Two of these categories are also Core
Competencies at PictureTel. This fact improves the chances of being successful in this area.
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Neutral
Distribution and Marketing are considered neutral. These are areas where PictureTel should consider
liabilities. The existing internal knowledge and processes should be enough to support this business area.

Weak
Product Development, Sales, and Partnership Development are areas where PictureTel have weak
capabilities with regard to the needs of the industry. These are areas that would need improvements within
the company to compete within the industry.

Recommendation
The lack of experience developing product for the Internet is an area that PictureTel needs to improve if
they expect to compete in the area of multimedia in the future. To develop applications for VoIP, the
recommendation is to partner or purchase an Internet savvy company. If purchasing is not possible, due to
financial considerations, then they need look at aggressively hiring and training. Since this will take
several months to put together a strong team, partnering is the most likely path for near term success. This
partnership should be with a company that has experience in sales and marketing within the VoIP space,
like Hearme.com or Dialpad. The application should focus on the expanded fidelity standard G.722.1 and
its proprietary 14KHz version. This application should be multi-platform (Mac, Windows, Linux, and
Unix). An aggressive marketing campaign, developed through the partnership, should coincide with the
rollout of the product. The company could also approach larger ISPs to partner in the development of online chat products that utilize voice instead of text based messages. These would include AOL or ICQ.
PictureTel lacks the expertise in creating chat sites and other value-added applications that are needed to
attract individuals to their Internet site. This experience could be acquired through working with an
existing Internet company.
Research
With the expertise within PictureTel they should work on developing a solution for the packet dropping
issues on the network. This may include a new compression algorithm or smart network routing software.
This would generate extreme value over other competition.
Application partnering and Market

49

With the evolution of Virtual Private Networks, VPN, there are corporate networks that offer accessibility
from internal and external locations to a corporation's networks utilizing the public Internet. The value is in
the security offered and the controlled network connections. PictureTel should work with a particular ISP
to offer a controlled network solution for VoIP services within a VPN offering. This would require
additional applications, like voice mail and chat, in addition to high quality voice. Given an agreement
with a single ISP, the network quality would be well understood, hence ensuring the highest level of
success.
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CHAPTER 5.0: WIRELESS
The Wireless communications industry is defined as Cellular or Satellite personnel communications
devices. Interactive voice communication from a distance has evolved from using a wired telephone, to inhome mobile phones, too cellular and satellite phones that allow users to be virtually anywhere and still
communicate. The initial cellular phones occurred in 1946, with the introduction of mobile telephone
service (MTS) by AT&T.2 ' The first successful cellular phone system was publicly introduced in Chicago
in 1983, the advanced mobile phone system (AMPS), developed primarily by AT&T and Motorola and was
a success from the beginning. At the end of the first year of service, there were a total of 200,000 AMPS
subscribers throughout the United States; five years later there were more than 2,000,000. Since then
several other cellular phone systems have been introduce worldwide along with the Satellite system,
Iridium, which is primarily owned by Motorola. The Iridium system uses 66 low earth orbit (LEO)
satellites to receive and transmit radio communication. The benefit of the Iridium system is that it enables
total global coverage where a cellular system cannot provide service outside of its cellular range. It should
be noted that the Iridium system has been a market failure at the time of this research. As the demand for
Internet access and other applications grow, wireless communication has started to push outside of the
voice only vehicle it started as. The introduction of personal digital assistants, PDA, have moved
individuals from using paper based planners to small computer-like organizers. The growth of this market,
along with the cellular phone technology, has spawned a new "smart-phone" market that is combining the
ability to make calls with a unit that can also search the Internet and store daily meeting calendars and
customer addresses. In a recent presentation at MIT, Sam Ginn, CEO of Vodafone Airtouch, stated that he
predicted 90% of the audio and Internet traffic in the future would be over wireless networks.
The total cellular and PCS handset units for 1998 was close to 30 Million, 1999 is expected to be over 40
Million.

This new technology space is still emerging, this section looks at the corporate requirements and

potential opportunities for PictureTel within this market.

Within the analysis of the Wireless opportunity, similar to the VoIP section, the Technology, Market, and
Competitive Landscape areas will be evaluated. It is critical to look at all three of these dimensions when
determining the strengths and weaknesses of a technology opportunity.
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Technology
The structure of this evaluation will be to look at the Current State of the Technology, the Current Stage of
Development, if a Dominant Design has evolved, and Future Prospects for the technology. Each of these
areas are needed to address the technology as a whole.

Current Technology
The wireless industry continues to evolve as it grows. The technology can be viewed in two major
categories: Cellular/Satellite infrastructure technology and Client capabilities, basically how it does it? and
what can it do? This is very similar to the VoIP partitioning of functionality. In fact some people will say
that the transfer of digital voice will evolve to the wireless networks before the land networks transition to
VoIP.

The Cellular Infrastructure
Four key components make up most cellular systems: the cellular layout itself, a carefully engineered
network of radio base stations and antennas, base station controllers which manage several base stations at
a time, and a mobile switch, which gathers traffic from dozens of cells and passes it on to the public
switched telephone network.
The Cellular layout consists of coverage from of each antenna within the network. Since the area that each
antenna can detect a signal from is geographically limited, distributed antennas are necessary for

24
Figure 5: Cell Structure for Total Coverage

100% coverage of a region. Figure 5 shows the interlocking structure of the network. Each color signifies
a new region and a corresponding cellular antenna. A major component that defines the distance between
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antennas is the power of the antenna itself. Both the federal government and the cost of high-power
antenna drivers limit this value.
After the layout is completed the actual antenna and base stations receive and send the signals. The base
station controller (BCS) is responsible for managing the network of antennas. This involves coordinating
signals from multiple antennas, selecting the best quality signal, and managing the transitions of moving
Mar'"
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Figure 6: Cellular Coverage Representation 25
objects through cell zones. The BCS also manages the power and frequencies of the signals themselves.
These BSCs react and coordinate with a mobile telecommunication switching office or MTSO, sometimes
called a MSC or mobile switching center. It is here that the signal is transitioned to the PSTN network and
transmitted over land networks. These locations also provide network services such as caller-id or voice
answering machines. Figure 6 shows a typical cellular network topology, Macrocells for fast moving
objects, Micro and Picocells for slow moving or internal coverage.
When initiating a call from a cellular phone, the client, to a cellular tower there are two main techniques
that are used to transmit the data. These are defined as Analog and Digital formats. Throughout the world
there are many different Analog and Digital standards, listed in Table 11. The existence of multiple
standards geographically distributed throughout the globe makes it difficult to travel worldwide with a
single phone.
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AMPS

C-450

Analog Cellular Technologies
Advanced Mobile Phone System. Developed by Bell Labs in the 1970s and first used
commercially in the United States in 1983. It operates in the 800 MHz band and is currently
the world's largest cellular standard.
Installed in South Africa during the 1980's. Almost like C-Netz. Now known as Motorphone
System 512 and run by Vodacom SA.

C-Netz
Comvik
N-AMPS

NMT450

Older cellular technology found mainly in Germany and Austria. Operates at 450 MHz.
Launched in Sweden in August 1981 by the Comvik network, lasting until March 31, 1996
Narrowband Advanced Mobile Phone System. Developed by Motorola as an interim
technology between analogue and digital. It has some three times greater capacity than AMPS
and operates in the 800 MHz range.
Nordic Mobile Telephones/450. Developed specially by Ericsson and Nokia to service the
rugged terrain that characterises the Nordic countries.Operates at 450 MHz.

NMT900

Nordic Mobile Telephones/900. The 900 MHz upgrade to NMT 450 developed by the Nordic
countries to accommodate higher capacities and handheld portables.

NMT-F

French version of NMT900

NTT

Nippon Telegraph and Telephone. The old Japanese analogue standard. A high-capacity

RC2000
TACS

A l-Net
CDMA
(IS-95)

cdmaOne

CDPD

CT-2
CT-3
D-AMPS
(IS-54)

version is called HICAP.
Radiocomn 2000. French system launched November 1985
Total Access Communications System. Developed by Motorola. and is similar to AMPS. It
was first used in the United Kingdom in 1985, although in Japan it is called JTAC. It operates
in the 900 MHz frequency range.

Digital Cellular Technologies
Austrian Name for GSM 900 networks
Code Division Multiple Access. IS-95. Developed by Qualcomm characterized by high
capacity and small cell radius. It uses the same frequency bands as AMPS and supports AMPS
operation, employing spread-spectrum technology and a special coding scheme. It was adopted
by the Telecommunications Industry Association (TIA) in 1993. The first CDMA-based
networks are now operational.
Wide ranging wireless specification involving IS 95, IS-96, IS-98, IS-99, IS-634 and IS41 .AT&T, Motorola, Lucent, ALPS, GSIC, Prime Co, Qualcomm, Samsung, Sony, US West,
Sprint, Bell Atlantic, Time Warner are sponsors.
Cellular digital packet data. Overlays existing cellular networks to provide faster data transfer.
Bell Atlantic Mobile offers it in the New York metropolitan area, New Jersey, Connecticut,
Massachusetts, Pittsburgh, the greater Philadelphia area, the Washington and Baltimore
metropolitan areas, and North and South Carolina.
A second generation digital cordless telephone standard. CT2 has 40 carriers x 1 duplex bearer
per carrier = 40 voice channels. Supposedly withdrawn in Canada.
A third generation digital cordless telephone, which is very similar and a precursor to DECT
Digital AMPS. Upgraded analog AMPS. Designed to use existing channels more efficiently,
D-AMPS (IS-54) employs the same 30 kHz channel spacing and frequency bands (824-849
and 869-894 MHz) as AMPS. By using TDMA instead of frequency division multiple access
or FDMA, IS-54 increases the number of users from I to 3 per channel (up to 6 with enhanced
TDMA). An AMPS/D-AMPS infrastructure can support either analogue AMPS phone or
digital D-AMPS phones. The Federal Communications Commission mandated that digital
cellular in the U.S. must act in a dual-mode capacity with analogue. Both operate in the 800
MHz band.

DCS

Digital European Cordless Telephony. This started off as Ericsson's CT-3, but developed into
the European Telecommunications Standards Institute's (ETSI) Digital European Cordless
Standard. It is intended to be a far more flexible standard than the CT2 standard, in that it has
more RF channels (10 RF carriers x 12 duplex bearers per carrier = 120 duplex voice
channels). It also has a better multimedia performance since 32kbit/s bearers can be
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GSM

PCS

concatenated. Ericsson is developing a dual GSM/DECT handset that will be piloted by
Deutsche Telekom.
Global System for Mobile Communications. The first European digital standard, developed to
establish cellular compatibility throughout Europe. Its success has spread to all parts of the
world and over 80 GSM networks are now operational. It operates at 900 MHz in most parts of
the world and 1800 MHz in the United States. Omnipoint's Bosch World phone operates in
both bands.
Personal Communications Service. The PCS frequency band is 1850 to 1990 MHz,
encompassing a wide range of new digital cellular standards like N-CDMA and GSM 1900.
Single-band GSM 900 phones cannot be used on PCS networks. PCS networks operate
throughout the USA, under many different brand names, some of which are:
Bell Atlantic Mobile (BAM)-- Uses CDMA
Bell South DCS -- "digital communications service"
DIGIPH PCS
Einstein PCS
Omnipoint
Sprint PCS -- uses CDMA

Inmarsat
IS-54
IS-95
IS-136

JS-008
Nextel
PDC
PHS
TDMA
TETRA

Voice Stream
International Martime Satellite System which uses a number of GEO satellites. Available as
Inmarsat A,B,C,and M.
TDMA-based technology used by the D-AMPS system at 800 MHz
CDMA-based technology used at 800 MHz.
TDMA-based technology offered at both 800 and 1800MHz. Should be referred to as cellular.
AT&T's choice to offer PCS like services.
"Digital PCS"
CDMA based standard for 1,900 MHz.
Direct connect service offers point to point
Personal Digital Cellular is a TDMA-based Japanese standard operating in the 800 and 1500
MHz bands.
Personal Handy System. A Japanese-centric system that offers high speed data services and
superb voice clarity.
Time Division Multiple Access. The first U.S. digital standard to be developed. It was adopted
by the TIA in 1992. The first TDMA commercial system began in 1993.
Trans European Trunked Radio Systems, designed to support both voice and data. Very new.
Mostly used in trucks. Allows roaming. Not yet fully implemented.

UMTS
WLL

Universal Mobile Telephone Standard - the next generation of global cellular which should be
in place by 2004
Wireless Local Loop systems limited-number systems are usually found in remote areas where
fixed-line usage is impossible. Modem WLL systems use CDMA technology.

26
Table 11: Cellular Technology Chart

Breaking the standards out by historical introductions is shown in Figure 7.
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Figure 7: Wireless Standards by Generations
Within each standard there are different audio compression algorithms that are used. The two digital
networks that are used the most popular (GSM and CDMA) have different standards, descriptions of both
are below. GSM networks use a Regular Pulse Excited -- Linear Predictive Coder (RPE--LPC) with a
Long Term Predictor loop. Basically, information from previous samples, which does not change very
quickly, is used to predict the current sample. The coefficients of the linear combination of the previous
samples, plus an encoded form of the residual, the difference between the predicted and actual sample,
represent the signal. Speech is divided into 20 millisecond samples, each of which is encoded as 260 bits,
giving a total bit rate of 13 Kbps. There have been slight variations on this algorithm that offer higher
fidelity at the same bandwidth. Transmission over public airways introduces considerable noise in the
channel. The wireless transmission algorithms have incorporated protection within the algorithms to
improve performance when experience signal distortion. If an error is detected, the 20ms frame is judged
too damaged to be comprehensible and it is discarded. It is replaced by a slightly attenuated version of the
previous correctly received frame. To further protect against transmission errors, the data is interleaved.
This increases the chance of at least a portion of the signal being received. 7
The CDMA digital network uses a compression algorithm developed by Qualcomm, QCELP. The QCELP
coder is a variable bitrate algorithm (8bkps or 13kbps). QCELP is an analysis-by-synthesis speech-coding
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algorithm. The excitation is determined from a fixed 128 entry circular codebook with center-clipped
Gaussian sequences. LSP frequencies are used to encode a 10th order autoregressive spectral model.
QCELP achieves near tool voice quality while keeping the average bit rate low to preserve system capacity
and has an algorithmic delay of 7.5 ms and a round trip delay of only 67.5ms. QCELP when operating in
the fixed rate mode, encodes frames of 160 linear PCM samples (20ms) into 16-bit code words.28
Today the wireless networks are optimized for speech. The quality of the audio connections falls below the
"Toll Quality" level found on the land line connections over the PSTN networks. The network equipment
is supplied by AT&T, Celcore, Ericsson, Hughes, and Motorola to list a few. This equipment is
differentiated by throughput capacity and applications integration ease. Many of the client manufactures
also offer the network equipment. This vertical integration has kept the number of players within the
industry down.
The frequencies for which the cellular audio signals are carried are 800MHz and 1900MHz (PCS). The
PCS bandwidths were auctioned off by the US government and offer the riches potential for higher quality
performance and more capacity then the original 800MHz bandwidths.

Current Stage of Development
The push to expand the current capabilities of the wireless networks is underway. The 3 rd generation (3G)
wireless standard has been under development for over 3 years. This standard is intended to provide a
single standard for global cellular use while still supporting the existing infrastructure and higher
bandwidth connections. The standards groups are leaning towards a CDMA like solution.
The expanded bandwidth offered in 3G will break down to three categories of service. Travelers in planes
and cars would get 144-Kbps data links; pedestrians could reap 384 Kbps; and 2 Mbps will be available to
stationary users. Beyond voice, these rates would support full-motion video and even wireless LANs. The
ability to receive 2Mbps will allow home based cellular to compete against DSL and Cable Modem
solutions. This opportunity puts the wireless equipment providers in a new business market with huge
potential. To date 3G has yet to be finalized. There are many discussions about the final standard,
offering some to suggest a temporary solution to fill in the gaps between now and when the industry
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matures. A major concern is how to prevent users from switching carriers once an international standard is
in place, the regional monopolies become void and the market could move to a price war.
The integration of PDAs and Cellular phones continues to expand. The future introductions will include
Internet browsing, travel information, entertainment information, and videoconferencing to name a few.

Dominant Design
As mentioned above there are many current standards and new ones on the way. The most secure aspect of
the current design is the cellular model. The extensive network infrastructure that has been built up over
the last 10 years will carry forward for many years to follow. The integration of satellite connection within
the cellular networks will start to show up in the coming years, Vodafone Airtouch's Globalstar29 . Outside
of this aspect the phones continue to expand in features. There are many PDAs all with independent
operating systems and functionality. There is a race to the market with new integrated capabilities amongst
all the major players in the client space. This will continue to clutter the market until the final demand for
features is understood.

Future Prospects
The future for Wireless technology looks very strong. The paradigm has been accepted as a useable
alternative to a corded phone. The integration of the internet and other applications over this medium will
be tested in the coming years. The quality of service issues will become the barrier for a wider distribution
of these technologies. The migration of the wireless model to offices and typically 'fixed' line applications
will be a key indicator for the total migration to a wireless solution. The expectation for such a revolution
would be a period of at least ten years, with pockets of transitions occurring as early as within a few years.
Fundamentally this is a strong technology with a long future ahead.

Evolution of a Dominant Design
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This will continue to occur until the 3G group can come to a true global solution. The PSTN network was
built by one company under regulation by the government. The advantage to this methodology is a single
solution that is understood and planned. The current cellular infrastructure has been built within a open
market model, with limited regulations. The outcome, several complex networks running different
solutions. Now the attempts to combine these solutions are hitting roadblocks because of the risk held
within each segment. There is no win-win scenario that pictures all of the competitors walking away
successfully. Some will need to invest much more then others to improve/change their current solutions.
Combining this with the fact that the cellular market has yet to slow down and show signs of going away,
the motivation is low to create a dominant design for the entire network. Figure 8 shows the expected
progression of the standards as they evolve over time to a single solution.
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Figure 8: Wireless Standards Evolution

Market
The current market for cellular phones continues to grow worldwide. This market differs from VoIP as it
has a client that requires mass production and distribution and the infrastructure is well understood and is
evolving but at a rate that is more mature then VoIP. The wireless paradigm has been accepted and is well
into a phase of marketing to the majority of users rather then being at the early phases of evolution. Many
of the issues that the VoIP industry is facing have been overcome by the wireless industry. At this stage the
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ability to come into the market as a major player is very difficult due to regulations and established market
leaders.
The US market is restricted in the number of service providers can co-exist within a region. This was part
of the bidding process for the PCS spectrum. Figure 9 shows the current prices for the different carriers in
Boston. The pricing gets tiered by minutes of usage, generally this is built in to the contract when the
phone is purchased. The digital services are much cheaper then the analog offerings. This chart is
somewhat misleading because it does not take into account if the phone was subsidized or not when the
service was provided. The analog phones tend to be subsidized or given away and then the cost is made up
in hirer per minute charges.
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Sizing the market is difficult, it is in the 100s of Billions. Just looking at the applications market which is
expected to lead the differentiation explosion. Some of the feature enhancements, such as caller ID, call
waiting and forwarding, voice-activated dialing and personal number service, will contribute $773 million
in revenue by 2002, compared with $98 million in '97." U.S. telecommunication operators spent almost
$600 million in March 1998 to acquire Federal Communication Commission licenses to provide broadband
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local access at 28 GHz in over 800 U.S. markets.32 This type of investing is made when the stakes are in the
Billions over many years.

Substitutes
The wireless industry current has no real competition outside of the traditional land based solutions. The
convenience and flexibility of wireless has been accepted and continuos to evolve. The satellite solutions
may eventually become the final answer but that is many years from becoming a reality.

User Benefits
As mentioned above the, flexibility and convenience are the drivers of wireless technology. The ability to
connect anywhere anytime to anyone is a convenience that individuals are becoming accustomed to. This
has been picked up by Europe and Japan faster then the US as over 50% of the audio communication is
over wireless in these areas while the US is only at 30%. The future will see all of the current landline
features offered on the wireless networks.

Market Emergence
Digital is the present and future growth engine for wireless services in the United States. At the end of the
second quarter of 1999, digital subscribers accounted for 35 percent of the market; AMPS subscribers
declined an average of 2.6 percent year over year. There are many reasons for this but a major digital
client side benefit is the ability to compress the streams, offering added security over the analog solutions.
There have been several embarrassing conversations that were captured from analog cellular phones, Newt
Gingrich the ex-US Senator had a conversation tape from a standard radio scanner. This couple was found
guilty of this later but the damage to the senator's career had been done.

In addition to the increase in

usage, the individuals that use digital technology spend 30% more on their monthly bill. This is due to the
type of user, business, and the added services that are offered, voice mail, call waiting and caller ID.
3G establishes an opportunity to lock-out competition, especially for Qualcomm who has many patents on
the CDMA standard. From an industry perspective the 3G standard could initiate a demand for more
frequency spectrum as the added services will swamp the PCS frequency spectrums when they are
introduced. These added applications offer an opportunity for carriers to reap additional revenue from
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value added services. This is an attractive model and will push the evolution of the wider spectrum
network equipment. 4
Specific applications that are expected to push the market for combined wireless clients (phones and PDAs)
are: Video transmission of stills (digital camera functionality for which pictures can be sent instantly),
instant E-commerce over the internet (the ultimate in compulsive buying), and Banking and stock trading
which will become a mobile sport rather then the current day trading from PCs. With a digital network
there will be an ability to transmit higher quality audio signals. Similar to the VoIP market, this may be a
niche market initially (Radio and Television remote broadcasts) but could become a differentiation for
some manufacturers of clients.

Market Opportunities
There are many opportunities in the space of developing applications for the architectures that are being
developed today. The combined phone and PDAs will run specific operating systems (OS) like the current
PALM OS or WinCE. These open architectures will support a wide array of applications. The ability to
produce low cost, low power, small footprints (memory size) applications for these architectures will be in
high demand. Some of the applications have been mentioned above but these are just the beginning,
creativity and innovation will push the most desired applications in the future. As with many architectures,
games are always popular applications that have a wide acceptance rate, for the younger consumers these
may be critical.

Regulatory
The Wireless industry is already regulated, specifically the bandwidth distribution within the US and
globally. Cellular networks require the distribution of large towers to ensure 100% coverage. These
towers have created local battles for the wireless companies, a "not in my backyard" attitude has prevented
the construction of towers on all of the available optimum sites. As towers started to encroach on
residential neighborhoods health concerns also became an issue. Local communities have final approval of
sites, thus requiring many hours of meetings with local leaders to establish agreements over tower locations
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and heights. The Telecommunications Act of 1996 addressed the power of local communities and outlined
a set of requirements for them to follow when deciding on tower locations."
The power dissipated by both the phones and the towers are closely regulated by the FCC. This has
continued to be a source of conflict within the public eye with many stories of cancer being caused by over
use of cellphones. The government assures the public that these stories are not true.
Bandwidth Auctions and competition rules are defined in the Telecommunications Act of 1996. The latest
auctioning off of bandwidth, PCS frequencies, had very strict rules. The idea is to induce competition
within the industry as it is forming rather then forcing it in after the fact, like the current issues with land
based telecommunication.
Regulation will continue to exist within this industry, to be competitive within this market one needs to
understand the issues and be savvy about how to proceed.

Competitive Landscape
The competitive nature of the Wireless Market differs from the VoIP space in that the Infrastructure
companies are also often the service providers. This vertical integration makes it difficult for small players
to exist. The demand for 100% call coverage within a territory or continent is a major differentiation and
those who have it, AT&T, have significant market power. There are strong niche suppliers of specific
components within the industry, Motorola's phones and DSPs, Texas Instrument's DSPs, Qualcomm's
compression algorithm.

Basis of Competition
The basis of competition is primarily on coverage footprint, type of service, applications, and technology
type. Having a Digital phone with call waiting is favored over an analog phone with the same feature
simply because of the perception that digital is the future. Those companies that are late to the digital
conversion will have a difficult time competing in the future. The ability to offer total US coverage at
reasonable prices is becoming more important within the market. Those companies that cannot offer this
are starting to partner or combine to offer this value. AT&T One-Rate, anywhere in the US you get a
single rate without roaming charges, was possible because of the enormous network that they have in place.
The Sprint MCI merging was driven by MCIs desire to have a wireless business, they had not invested
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early enough in this area. Backend services such as call waiting and call forwarding will drive the average
revenue per customer up and become a differentiation in the eyes of the customer. As the PDAs and
phones combine the companies that can successfully find the applications that are of the most interested to
users will win out. There are a lot of discussions about potential applications but these have not been tested
and may not be the value add that some are predicting. The phone form factor is still a major issues for
individuals, does it fit in a shirt pocket? Manufactures need to balance the size/applications equation to
ensure acceptance. In addition to the size battery life is always an issue, if these applications reduce the
usable time of a phone then their value may be reduced.

Competencies
Product Development
Like the VoIP industry, the ability to produce new products is critical within this industry. Technology is
changing rapidly with new revolutionary innovations being created at an accelerated pace. Companies with
strong development teams that can transfer innovations to products effectively will win in the long run.

Technology Innovation and Integration
The ability to integrate the PDA functions within the phone profile, rather then the opposite, will be a
critical expertise. The additional applications that smaller startups will develop will need to be integrated,
developing a platform that supports this seamlessly will needed. Internal vision and technology innovation
at the user side will drive the client winners. The ability to scale and support backend applications with
robust carrier class network equipment will also prove successful.
Manufacturing
The need to produce low cost clients is a major area of differentiation. Although the phones have been
subsidized with a two step tariff model, in the future this may not be the case. The infrastructure
companies need to understand the issues associated with manufacturing and have access to volume and
inexpensive resources. This may be achieved via contract manufacturing, given the volumes needed.

Distribution
Worldwide distribution is essential. The current model for distributing clients is through retail outlets and a
smaller percentage through direct Internet sales. Many contacts are made through business accounts, on
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company sites where workers can apply for services during lunch at corporate discounted rates. Direct and
indirect channels supply the infrastructure equipment. This is carrier class equipment that requires
installation and maintenance. The number of customers are low so the distribution is a regional issue not a
customer volume concern.

Marketing
The infrastructure equipment is sold to a limited customer base so wide marketing is not necessary. The
clients are marketed directly through TV, radio, and print media. The marketing budgets are large, tending
to peak during promotion and holidays. Many marketing focuses are on corporate customers, offering
discounts by the volume of service contracts supplied.

Sales
The sales channels are well defined for many of the client products. The integration of PDA functions may
change this as the services become more complicated. The Internet will be aggressive utilized in the future
for indirect sales.

Partnership Development
This will be a key component for the entire industry. With technology moving at this rate and innovation
coming from many sources a companies ability to partner will become a key advantage. To leverage other
technology which will add to your own value proposition is a necessity in an environment where the
diffusion rate of innovation is high. In particular the integration of applications and services as the third
generation wireless networks becomes available to end-users.

Regulatory
The key here is to understand where you can be impacted, from a financial and architectural level. A
competitive advantage can be had by those who understand how to influence and work within the system.

Standards Influence
The standards groups tend to be aligned with the technology used within the networks, CDMA or GMS.
These are also regionally associated. The 3G push attempted to pull in the influential corporation within
many of the existing standards.
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Competencies

Requirements (Infrastructure)

Requirements (Client)

Product Development (Software,

Embedded Development

Low Power, Client and Server

Hardware, Mechanical)

architecture, low cost

Technology Innovation and

Network and Audio

Network and Audio

Integration

Technologies

Technologies

Manufacturing

Network and Gateway Carrier

Low Cost, High Volume

Class
Distribution

Direct and Channels

Direct / Retail

Regulatory

Knowledge and Influence

Knowledge and Influence

Marketing

Few Customer, limited scope

TV, Radio

Sales

Partnerships Indirect

Consumers

Partnership Development

High

High

Standards Influence.

Third Generation

Third Generation

Table 12: Requirements Wireless Market

Industry Needs
Standards! This industry has been hampered by the proliferation of multiple standards. When the industry
finally migrates to a core dominant design there will be many opportunities to reduce costs and add value.
The current state of the global solution makes it inconvenient to seamlessly travel without carrying multiple
phones. When a single phone can be used with a optimized protocol solution then the differentiation can
converge on value added applications rather then competing on coverage and battery life.

Analysis
As discussed above there are many opportunities within the Wireless industry. This section analyzes
PictureTel's ability to capitalize on some of this opportunities and outlines the steps needed for success.

Infrastructure Market
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Capability

Competitive Capability

Requirements

Correlation Rating

(Infrastructure)
Product Development

Differentiated

Embedded

(Software, Hardware,

Integrated embedded

Development

Mechanical)

products

Technology Innovation

Many Audio

Network and Audio

and Integration

Technologies and

Technologies

Neutral

Strong

Products
Outsource

Network and Gateway

management

Carrier Class

Distribution

Channels

Direct and Channels

Neutral

Regulatory

Minimal

Knowledge and

Weak

Understanding

Influence

Industry Focused

Few Customer, limited

Manufacturing

Marketing

Weak

Neutral

scope
Sales

Indirect

Partnerships Indirect

Strong

Partnership

Minimal

High

Weak

High activity within

Third Generation

Weak

Development
Standards Influence.

Audio standards area

Table 13: Wireless Infrastructure Correlation Matrix

Strong Correlation
Technology Innovation and Integration and Sales are the only area where PictureTel has strength within the
infrastructure market. The technology overlap is the in the digital audio compression area. The strong
Sales correlation is due to the fact that an indirect model will work within this space and that is what
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PictureTel is used to. This is not a core competency of the company and should not hold a lot of weight
within this analysis.

Neutral
Distribution, Marketing, and Product Development are considered neutral. These are areas that PictureTel
should not consider liabilities. The existing internal knowledge and processes should be enough to support
these business areas.

Weak
Manufacturing, Regulatory, Partnership Development, and Standards Influence are areas where PictureTel
has weak capabilities with regard to the needs of the industry. These are areas that would need
improvements within the company to compete within the industry.

Recommendation
The Wireless industry is a total solutions space. Without working with a company on the Client solution
there are not a lot of opportunities within the infrastructure side of the business. To truly innovate,
PictureTel needs to work with a supplier of Clients to get any Audio innovations implemented to make the
value they could supply with the infrastructure equipment worthwhile.

Applications/Client Market
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Capability

Competitive Capability

Requirements (Client)

Correlation Rating

Product Development

Differentiated

Low Power, Client and

Neutral

(Software, Hardware,

Integrated embedded

Server architecture,

Mechanical)

products

low cost

Technology Innovation

Many Audio

Network and Audio

and Integration

Technologies and

Technologies

Strong

Products
Outsource

Low Cost, High

management

Volume

Distribution

Channels

Direct / Retail

Weak

Regulatory

Minimal

Knowledge and

Weak

Understanding

Influence

Marketing

Industry Focused

TV, Radio

Weak

Sales

Indirect

Consumers

Weak

Partnership

Minimal

High

Weak

High activity within

Third Generation

Weak

Manufacturing

Weak

Development
Standards Influence.

Audio standards area
Table 14: Wireless Application/Client Correlation Matrix

Strong Correlation
Technology Innovation and Integration is the one area where PictureTel has strength within the Client
market.

Neutral
Product Development is considered neutral. This is neutral given PictureTel's experience developing
integrated product on DSP processors.
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Weak
Manufacturing, Distribution, Regulatory, Marketing, Sales, and Partnership Development and Standards
Influence are areas where PictureTel have weak capabilities with regard to the needs of the industry. These
are areas that would need improvements within the company to compete within the industry.

Recommendation
Given the weak correlation between PictureTel's capabilities and the requirements within the Wireless
industry, a general recommendation would be for the company to stay out of this market. If a VoIP
strategy if formed then the recommendation would be to work on ensuring compatibility between the two
industries by licensing compression algorithms that have been developed for specific DSPs that are being
used in clients and Infrastructure systems. This will ensure the best performance when talking between a
cell phone and a VoIP application.
There may be licensing opportunities within this industry. Look for one-time licensing fees for algorithms
and contract out development talent. The volumes for the client are so large most deals will only be made
on a set payment price. This should be acceptable given that PictureTel's technology is not the only
solution available, even though it may be the best.
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CHAPTER 6.0: RECOMMENDATION STRATEGY and FUTURE
RESEARCH
Recommendation Strategy
As the

2 1s'century

is upon us PictureTel has some opportunities in the VoIP industry: Investing in this

technology will open up opportunities in the near term and future that have the potential to raise the value
of the corporation as a whole and introduce new business areas in the future. Without this investment
PictureTel may very likely miss the window of opportunity within the lifecycle of their current audio
technology.
VoIP:

1- Develop a VoIP Application Client which showcases the companies superior audio technologies.
2 - Partner with an existing Internet companies, sharing the revenues, to market and develop total Internet
products to support the VoIP market.
3 - Partner with a large ISP, AT&T or GTE, to offer a VoIP solution for enterprise customers using VPN
services.
Wireless:
The Wireless industry has reached a level of maturity that would make the level of investment for a new
player more then what PictureTel could currently support. To become a player in this area, the company
should look to license technology to the current market leaders. There is limited opportunity in the
combined PDA and Phone market, as these devices are just being introduced.
4 - License and develop solutions for the Wireless industry but limit investment. Target value added
services like high fidelity voice or echo cancellation on clients.

Further Research
During the course of this research several other areas with potential opportunities were recognized. These
include the stand-alone audio echo cancellers for large conference rooms. There is also a need for
improved speech recognition algorithms, the preprocessing technology that PictureTel posses may be
beneficial in this area. A business plan for the two markets addressed, VoIP and Wireless could be
developed to add a financial analysis to these topics.
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Appendix 1
Patent: US5305307: Adaptive acoustic echo canceller having means for reducing or
eliminating echo in a plurality of signal bandwidths
Inventors: Chu; Peter L., Needham, MA
Applicants: PictureTel Corporation, Peabody, MA
Issued/Filed Dates: April 19, 1994 / Feb. 21, 1991
Application Number: US 1991000659579
IPC Class: HO4J 001/00
Abstract: An echo cancelling device for reducing acoustic feedback between a loudspeaker and
microphone in a full duplex communication system such as a telephone conferencing system. The device
includes a whitening filter which flattens the microphone signal's spectrum and reduces its auto-correlation.
A first signal splitter separates the whitened microphone signal into a plurality of bandlimited microphone
signals. The loudspeaker signal is similarly whitened and separated into a plurality of bandlimited
loudspeaker signals. A plurality of adaptive echo estimators estimate the echo in each frequency band
defined by the above signal splitters. More specifically, each estimator generates an echo estimation signal
representing an approximation of the acoustic feedback of a corresponding bandlimited loudspeaker signal
into the microphone. To cancel echo, a subtractor removes each echo estimation signal from the
bandlimited microphone signal of the same frequency band as the estimation signal. The device further
processes the echo corrected signal in each band with a center clipper, to remove any residual echo, and
with a noise filler to simulate the background signals removed by the clippers.
Claims: 40 in all, referring to main claim -

1. An echo cancelling device for reducing the effects of acoustic feedback between a loudspeaker and
microphone in a communication system:
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Appendix 2
Patent: US5263019: Method and apparatus for estimating the level of acoustic
feedback between a loudspeaker and microphone
Inventors: Chu; Peter L., Needham, MA
Applicants: PictureTel Corporation, Peabody, MA
Issued/Filed Dates: Nov. 16, 1993 / Feb. 19, 1992
Application Number: US 1992000837729
IPC Class: H04J 001/00
Abstract: An improved echo cancelling device for reducing the effects of acoustic feedback between a
loudspeaker and microphone in a communication system. The device includes an adjustable filter for
receiving a loudspeaker signal and generating in response thereto an echo estimation signal. The device
subtracts the echo estimation signal from the microphone signal to produce an echo corrected microphone
signal. During periods of time when the microphone signal is substantially derived from acoustic feedback
between the loudspeaker and the microphone, the device adjusts transfer characteristics of the filter to
reduce the echo corrected microphone signal. The improvement includes estimating from the adjusted
transfer characteristics an energy transfer ratio representative of the ratio of the energy of the microphone
signal to the energy of the loudspeaker signal. The device compares the microphone signal to the energy
transfer ratio multiplied by the loudspeaker signal to identify periods of time when the microphone signal is
substantially derived from acoustic feedback between the loudspeaker and the microphone.
Claims: 18 in all, referring to main claim 1. In an echo cancelling device for reducing the effects of acoustic feedback between a loudspeaker and
microphone in a communication system:
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Appendix 3
Patent: US5550924: Reduction of background noise for speech enhancement
Inventors: Helf; Brant M. , Melrose, MA and Chu; Peter L. , Lexington, MA
Applicants: PictureTel Corporation, Danvers, MA
Issued/Filed Dates: Aug. 27, 1996 / March 13, 1995
Application Number: US1995000402550
IPC Class: H04B 015/00
Abstract: Properties of human audio perception are used to perform spectral and time masking to reduce
perceived loudness of noise added to the speech signal. A signal is divided temporally into blocks which
are then passed through notch filters to remove narrow frequency band components of the noise. Each
block is then appended to part of the previous block in a manner which avoids block boundary
discontinuities. An FFT is then performed on the resulting larger block, after which the spectral
components of the signal are fed to a background noise estimator. Each frequency component of the signal
is analyzed with respect to the background noise to determine, within various confidence levels, whether it
is pure noise or a noise-and-signal combination. The frequency band's gain function is determined, based
on the confidence levels. A spectral valley finder detects and fills in spectral valleys in the frequency
component gain function, after which the function is used to modify the magnitude components of the FFT.
An inverse FFT then maps the signal back from the frequency domain to the time domain to give a frame
of noise-reduced signal. This signal is then multiplied by a temporal window and joined to the previous
frame's signal to derive the output.
Claims: 21 in all, referring to main claim 1. An apparatus for the perceived real-time suppression of background noise in an input audio signal having
components of noise comprising:
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Appendix 4
Patent: USD0389839: Directional microphone
Inventors: Woodman; Edward C. , Newburyport, MA
Potts; Steven L. , Andover, MA

Reed; Adam, Concord, MA
Siggelkoe; Russell , Bedford, MA

Wang; Hong, Westford, MA
Applicants: PictureTel Corporation, Andover, MA
Issued/Filed Dates: Jan. 27, 1998 / Jan. 8, 1997
Application Number: US 1997000064655
IPC Class: 1401
Claims: The ornamental design for a directional microphone, as shown and described.

75

Appendix 5
Patent: US5778082: Method and apparatus for localization of an acoustic source
Inventors: Chu; Peter L. , Lexington, MA
Wang; Hong , Westford, MA

Applicants: PictureTel Corporation, Andover, MA
Issued/Filed Dates: July 7, 1998 / June 14, 1996
Application Number: US 1996000663670
IPC Class: H04N 007/15
Abstract: An acoustic signal processing method and system using a pair of spatially separated
microphones to obtain the direction or location of speech or other acoustic signals from a common sound
source is disclosed. The invention includes a method and apparatus for processing the acoustic signals by
determining whether signals acquired during a particular time frame represent the onset or beginning of a
sequence of acoustic signals from the sound source, identifying acoustic received signals representative of
the sequence of signals, and determining the direction of the source based upon the acoustic received
signals. The invention has applications to videoconferencing where it may be desirable to automatically
adjust a video camera, such as by aiming the camera in the direction of a person who has begun to speak.
Claims: 37 in all, referring to main claim 1. A method of processing a sequence of acoustic signals arriving from an acoustic source comprising the
steps of:
*

acquiring respective streams of acoustic data at a plurality of locations during a plurality of time
frames;

*

determining whether the acoustic data acquired at any one of the locations during a particular time
frame represents the beginning of the sequence of acoustic signals;

*

identifying acoustic received signals at least two of said locations representative of said sequence of
signals if said acoustic data at any one of said locations represents the beginning of the sequence;

*

and determining a direction of said source based upon the identified acoustic received signals.
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