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EXECUTIVE SUMMARY

Former Secretary of Defense, Dr. William Perry, created the Fellowship Program as a method to explore organizational operational opportunities. He believed the Department of Defense (DoD) could benefit in knowing how innovations in information technology impact information based corporations outside the military sphere. From Sarnoff Corporation in Princeton, New Jersey, come the following observations and recommendations for the DoD, based on how innovations from change played a role in Sarnoff's organization, culture and technology.

Sarnoff Corporation

The Sarnoff Corporation is a success story in today's business world. Originally,

the David Sarnoff Research Center served as RCA's Laboratories. Today, Sarnoff is a

subsidiary of SRI International with core expertise in software and digital integrated

circuit design, process and materials research, digital signal processing,

electromechanical devices, and displays. Sarnoff conducts research in consumer

electronics, solid state physics, communications, high resolution low light cameras, and

computer vision technologies. In short, they merge advanced information technology

with the latest in silicon based electronics to accomplish their mission -- creating

technologies that will change the world. In the ten years since its spin off from GE/RCA,

Sarnoff transformed itself from the corporate research arm of a Fortune 500 corporation

to a profitable, client supported entrepreneurial organization. And today, Sarnoff is

flourishing. Recently, Sarnoff's President articulated a vision to grow the company ten

times in ten years (referred to as 10 in10) to become a $1 billion dollar corporation by

2005. They firmly believe they can succeed through excellence in organization, culture,

and technology.

Observations and Recommendations -- dynamic organization

Long Range Planning

During transition from RCA, long range planning was beyond the horizon line as Sarnoff dealt with the daily struggle to survive. However, with success, company leadership turned their thoughts to the future. In 1996, Sarnoff's President decided it was time to take the long view as he approached a key board meeting with their owner. He called the long view their 2005 Plan. The planning process was an ad hoc effort to describe how required resources would be available to achieve the President's vision.

Sarnoff's and DoD's strategic planning have little in common. DoD's planning is cyclical where Sarnoff's is ad hoc. Sarnoff looked at "money losing" activities as a source for divestiture. DoD looks at "combat readiness" activities it must fund. And, at Sarnoff, the strategic plan was the President's plan, not a "corporate plan". There was no consensus building as occurs throughout the entire planning process of the DoD.

Reorganization

A major reorganization occurred at Sarnoff in 1997 and the process was straight forward. Similar to reorganizations occurring in DoD, it was top down directed. However, the leaders went to the grassroots -- the scientists and engineers -- to identify "thrust" areas where Sarnoff was not the leader and where breakthroughs would come in the near future (5 to10 years) promising explosive growth. The answer came back in the following areas: the web, entertainment, bioinformation, and high resolution cameras. Then, behind closed doors, the senior leadership wove these new thrust areas into their reorganization thinking along with the specific talents of lab directors they wanted to promote to division vice president. They then announced the reorganization to the employees as a way to optimize past and future growth and reward performance.

The Spin-Off Option

Another method of reorganizing in the business world is spinning

off. Sarnoff's vision of "10 in10" and their 2005 plan call for the parent company to spin-

off new companies each year. The spin-off process does three things for Sarnoff. First, it enables the company to stick to its core competencies. Second, it creates a source for future business revenue as the spin-offs turn to Sarnoff to push their technology to the next level. And, third, it provides tremendous incentive for Sarnoff employees. Even though employees cannot leave Sarnoff to participate in the new companies they create, royalties and licensing fees come back into employees pockets. As a result, the spin-

off option is a powerful incentive program for individual employees and the company.

The spin-off concept may be of interest to the DoD in several ways. First, when tackling the challenges of privatization and outsourcing, DoD may find an effective role as an investor in "spin-off" type initiatives. For instance, a large company, well known for it's quality and expertise in a certain core competency, may not want to take on small individual government accounts. On the other hand, they might be willing to spin

off a subsidiary to do just that. Second, venture capital companies that currently invest millions in spin-off enterprises might be interested in a dialog on what role they can play in helping DoD with the privatization and outsourcing initiatives going forward now and in the future. The ventures community can track new, exciting companies and help develop partner relationships. They can also predict major trends and emerging innovative ideas.

The Partnership Broker

Companies, particularly in the information and entertainment business that have little to do with DoD, have limited avenues to bring potential solutions to the table. And, warfighting issues remain little known to them. Sarnoff runs the National Information Display Laboratory, or NIDL, for the intelligence community as a "partnership broker" to bring partners from industry and government together where security compartmentalization and normal business boundaries prevent communications. There

may be potential for a DoD function of this between government and commercial sectors, and between DoD agencies and the Services.

It seems a function similar to the National Information Display Lab could have impact throughout DoD, well beyond the intelligence community. A function that could look across the Services to understand the problems in information operations, for instance, and canvass the commercial world for potential solutions, and bring all the parties to the table may be of great value to the DoD. In addition, this kind of function between DoD Agencies and the military services may be of benefit. A broker entity would work with the joint warfighter in the field to identify problems and canvass Defense Advanced Research Programs Agency (DARPA) programs, for example, to bring solutions already being pursued for a single Service to a broader military audience. The Defense Logistics Agency is another area where a function like this may benefit the DoD. Each Services is searching separately for "leaner" or "just-in-time" logistics, or the inevitable obsolete electronic component issue that is never a matter of if, but when.

Observations and Recommendations -- creative culture

Sarnoff's Unique Culture

For a company that defines the cutting edge of information technologies, one of the most astounding things about Sarnoff's culture and their primary internal communications means is how low tech it is on the surface. They have a personal computer on every desk linked through an intranet. And, they have access to the Internet. That about sums it up. Their cutting edge comes from the top minds in the nation recruited to Sarnoff along with top recruits from pure math centers of the world. The creativity of these minds is not stimulated through interaction over computers or through video medium, but through the ability to discuss, challenge, and vigorously debate theory and ideas, face-to-face. So, the "one building" location for Sarnoff is very important.

The DoD needs to capture some of this capability to discuss, challenge and debate across the vastness of the Department. This is not suggesting "one building" in a literal sense, but in a figurative way. There are many tools like desktop video

teleconferencing and collaborative software that the commercial world is using to bring employees who are geographically separated into the same "virtual" room. Individual units or projects in DoD are doing this in an isolated way. As the cost of individual desktop telecomputing and teleconferencing declines, DoD needs a mechanism to put these capabilities into the hands of DoD personnel on a wide scale -- similar to the "Desktop" contract for computers.

A Matrixed Workforce

The small number of employees in Sarnoff -- 700 plus -- and a survival culture that limited hire of new people, created a highly efficient matrixed work force. As a result, individuals spend 65 to 70 percent of their time on billable work for various projects

throughout the company. The experience employees gain from the various projects help the individual grow in competence. However, matrixing fosters a crises surge work culture. Management directs team members to key project milestones. As individuals struggle to prioritize workloads, they end up surging to accomplish the work, going from project to project. The amount of successful matrixing varies with the capabilities of individuals. This requires extensive hands-on personnel management by supervisors.

Matrixing to this extent may not be advantageous for the warfighting community where the stakes are lives and national resources, but some matrixing is probably already occurring in support areas like depot repair. On the other hand, some of the benefits Sarnoff gained from matrixing might be possible for the military in peacetime through broadening inter-Service exchange programs -- like those in the rated force today. The population to be targeted would be those destined to fill CINC staff billets. For example, imagine a single maintenance/logistics officer or senior NCO bringing experience across F- 16 fighter aircraft, M- 1 tanks, and aegis cruisers to the Joint Force Command team.

Commercial is more than catalog sales

The impression at Sarnoff is that when the government refers to commercial off

shelf, it is referring to something already in a catalog with a price list. In reality, commercial is much more than catalog sales, particularly when dealing with the information and entertainment industry. Most of these companies are located on the west coast and are what Sarnoff refers to as the "Hollywood Business Model". The company works out of a "garage", employs a small core of folks full time, and, when they get a job, hires a team tailored to the job. They are not structured to handle auditors, nor the kind of bookkeeping government business requires. However, these are the companies on the cutting edge in the entertainment and information industries.

It sounds like the DoD may benefit from giving civilian and military acquisition and financial personnel a better appreciation of the information and entertainment commercial market. And, to expand the definition of "commercial" beyond catalog sales. University and commercial training programs and fellowship programs like this one might help. If the education part is done well, changing the definition of "commercial" will happen.

Government Agency Teaming

A trend developing in DoD, as budgets decline, is teaming. Sarnoff's normal business methodology is to always team where you need more strength to attack the problem and win the business. During the Fellowship tour, Sarnoff was observed in many teaming arrangements. A universal observation is that teaming always brings dilemmas. But, one thing was clear. It was the spirit of cooperation with which each member approached the team that had more to do with a successful outcome, than any written contractual arrangements. The DoD may want to put more emphasis on this aspect in the future.

Sarnoff's Cutting Edge Technologies

Electronics Technology

Microelectromechanical Systems (MEMS).  Creates operational miniature devices to move atoms, gases and liquids at the micron level. Potential new devices as unattended sensors, biological/chemical identification, data storage, weapons systems.

Generalized Emulation of Microcircuits (GEM).  Focuses on emulation of obsolete parts duplicating form, fit, and function of the original part without costly redesign. Currently supports JSTARS, the F-15 radar, an Army field radio, the AEGIS radar, etc.

Vision Technology

Moving Object Detection and Tracking.  Detects and tracks objects moving in a scene even when the scene is viewed from a moving camera, and provides unprecedented performance with compact, low cost devices. Great potential for battlefield surveillance.

Multi-resolution Pyramid Databases.  Allows images to be represented and processed at multiple spatial resolutions and at different spatial scales. Efficient image and video compression, progressive transmission, rapid indexing and manipulation.

Joint Operations Visualization Environment (JOVE).  Uses 3D visual and audio to present a fused geospatial and tactical common operating picture. Interaction supports the users' need to control the presentation and to access related/supporting information.

High Bandwidth Communications Technology

Datacasting -- Broadcasting data to personal computers through advanced commercial broadcast channels. The data pipes carry web sites, news, information and other content to consumers of broadcast networks, local TV stations, and cable system operators globally.

Wireless Broadband System (WBS).  A commercial off-the-shelf local multipoint distribution system (two-way interactive wireless communications) provides "last mile" solution. Supports voice, data, and video two-way over a three to five mile radius.

Wireless Interoperability Testbed (WIT).  A consortium of Bellcore, Lucent Technologies, US Army CECOM and Sarnoff using distributed existing facilities to test new generation commercially available wireless communications equipment under realistic conditions.

Microfluidics

Laboratory on a chip.  A new electronic silicon microchip is now the leading ultra high throughput synthesis and screening instrument for discovery and development of pharmaceuticals and chemicals.
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Sarnoff Corporation

A Company at a crossroads

The Sarnoff Corporation (Sarnoff), a subsidiary of SRI International, conducts research in consumer electronics, solid state physics, communications, high resolution low light cameras, and computer vision technologies. Sarnoff is a client-supported facility with expertise in software and digital integrated circuit design, process and materials research, digital signal processing hardware and software, electromechanical devices, and displays. Their expertise is applied to projects for both commercial and government customers.

Sarnoff is a success story in today's business world. Originally, Sarnoff was the RCA Laboratories. It operated, much as the Department of Defense (DoD) does, on a budget it received each year from RCA. The workforce was made up of scientists and engineers organized into separate fiefdoms--9 laboratories, with little to no overhead and a rudimentary financial management structure to track the budget. And, Sarnoff did not have a marketing function. When RCA was sold to General Electric in 1987, Sarnoff became part of SRI International. SRI International, being a not for profit company, left Sarnoff on its own to find sources of revenue. GE/RCA provided Sarnoff a five year budget, declining each year as Sarnoff theoretically brought on a sustaining business base. Sarnoff's leadership had little money to hire marketing expertise from the outside, but they did have a workforce composed of the top graduates in the nation and from

centers of math and science around the world. And a mission that attracted and continues to attract the best.

SARNOFF Corporation Mission

Creation and commercialization of 

innovative electronic and information technologies

that change our world

In order for Sarnoff to survive and flourish, the leadership of the company laid out some radical new groundrules for their employees. Engineers and scientists could pursue their own ideas in their field of expertise and receive a share of the royalties and licensing fees coming back to Sarnoff as a result of their work if they found an outside source to fund the work needed to achieve a significant breakthrough in current technology or to a new technology, or found a partner who would co-invest in developing research and technology and who would act as the marketing mechanism for the achievements, and

protected any intellectual property created in the process, for Sarnoff Employees were then turned loose to do whatever their interests and market forces would support -- sort of the ultimate empowerment. The results were phenomenal. The scientists and engineers embraced the art of marketing their own work. In the ten years since its spin off from GE/RCA, Sarnoff has transformed itself and its culture from the research arm of a Fortune 500 corporation to a profitable, client supported company.

The DoD and other government agencies are particularly attractive clients for Sarnoff from an intellectual property view point. Sarnoff is able to keep patents and rights to license for any technology created with government funding. As a result, Sarnoff can capitalize on potential commercialization of government funded technologies. Sarnoff has built a tremendous business on providing high technology solutions to the intelligence community and other government agencies within the DoD like the Defense Logistics Agency (DLA), the military Services, and the Defense Advanced Research Programs Agency (DARPA). With DoD emphasis on buying commercial off the shelf products, Sarnoff is well positioned to help match commercial enterprises with government needs due to their broad government and commercial business base. And, as government budgets decline and interest in commercializing technologies developed under government funding increases, Sarnoff is flourishing. Recently, Sarnoff's President articulated a vision to grow the company to times in 10 years (referred to as “10 in l0”) to become a $1 billion dollar corporation by 2005.

Plan of Action

Secretary of Defense Fellowship Program

OSD recognized Sarnoff as a company adapting to the changing global environment, exploiting the information revolution, and transforming itself through structural reshaping and reorganizing. In order to grasp the essential underlying principles of how the company achieved these elements of change, the following a plan of action was put into place.

In order to achieve objective #1 -- appreciating revolutionary changes in information and related technologies -- the Fellow teamed on two Sarnoff projects, participated in brainstorming sessions throughout the laboratories, and completed selected Sarnoff Publication readings as part of a comprehensive Study Program included in appendix 1.

Project #1 was a government JCS sponsored program which is rapidly inserting technological developments into military applications in the areas of intelligence, surveillance, and reconnaissance. This particular effort focused on a Multimedia Classroom Project aimed at raising the awareness of warfighter.

Project #2 was a government DARPA sponsored program in the biomedical area where a microfluid technology was being applied to a warfighting need to detect chemical/biological warfare agents with remote or hand

held miniature devices.

To achieve objective #2-- understanding the skills required to address change--the Fellow participated in brainstorming and working sessions where Sarnoff's senior leadership addressed unique problems associated with five year strategic planning. Also, for objective #3--recognizing operational/organizational opportunities -- the Fellow participated in two efforts, a spin-off and bringing a new operating system on line:

The spin-off of a new company for web products Sarnoff is commercializing based on technology developed for the government intelligence community. The Fellow's role was to run the Business Strategy Group, the implementation of a new operating system, Vision 20/10, for the company.

And, for objective #4-- developing leadership skills to motivate Services towards innovative change -- the Fellow observed leadership skills practiced at Sarnoff to motivate innovation, discovery, and entrepreneurship; and, read and analyzed recent books and articles on leadership and military strategy and policy implications as part of a comprehensive study program. The study program is included at appendix 1.

Observations and Recommendations

Organizational change to meet future challenges

Long Range Planning

During Sarnoff's transition period it was a struggle for survival from quarter to quarter, and their leadership did not have an opportunity to do long range planning. In fact, long range planning did not come above their horizon line until the profit line inched into the green. When it looked like they were going to be successful, the leadership of the company turned their thoughts to the future. In 1996, the President of the company decided it was time to take a long term view as discussions began to flow around what Sarnoff would present to the parent company at an upcoming board meeting. In addition to responsibility to their owners, the President outlined several benefits of Long Range Planning.

First, he sought to improve the probability of achieving his vision of "10 in 10" by improving resource availability. Second, he wanted to provide an action plan for the organization rather that letting each initiative proceed independently. Third, he believed long range planning would enhance the confidence of the organization that it could achieve it's goals. Fourth, he thought long range planning provided an opportunity to adjust the timing or the magnitude of an initiative to better mesh with resource availability. And, finally, he wished to provide a long range view as to whether "10

10" would really result in the financially robust and vital business they all wished to build. In addition, he needed a mechanism for Sarnoff to put together a coherent story that would win support of their Board of Directors and parent company for what the President and his senior management wanted to do with Sarnoff in the near future.

The 2005 planning process was a method to describe how required resources (people, facilities, cash) would be available to achieve the President's vision. And, the plan would outline substantial initiatives under way to achieve that vision. However, the 2005 plan was the presidents game plan. In fact, it was strictly a senior management (president and vice-president level) work in progress, with no visible input from lab directors. Through the 2005 planning approach, the president guided his senior staff to separately analyze the resource requirements for various pieces of the business and then did a roll-up into the total business. The main focus was on cash flow in the areas of core business (laboratories), the new business in life sciences, and cats and dogs like light-anufacturing, licensing, real estate and facilities. The president also added a ventures effort to facilitate Sarnoff's ability to spin-off new companies when activities outside the core business began to put a drain on Sarnoff's resources.

The president began by asking each of the division vice presidents to forecast their revenue and profit lines out 5-10 years, similar to the way DoD approaches the FYDP. They were to base their numbers on growth experienced over the past 5 years, current inflation, and a favorable economic outlook for the US. In addition. he asked the

Chief Financial Officer to help identify enterprises within the company that were more of a drain than moneymaker as candidates for potential divestiture. The President himself decided to take a look at the new companies that Sarnoff spun-off during the past live years and their projected potential value, as well as any new spin-offs occurring each year for the next five to ten years. As a result of their analysis, the Senior Staff estimated Sarnoff was well on its way to realizing the President's vision of 10 in 10", and would accumulate a nice cash reserve.

Now the question was, how did Sarnoff convince their owners the profits should be reinvested in Sarnoff's future. Actually, the answer came readily to the table during discussions. After ten years of struggle to get above the profit line, neglect of Sarnoff's facilities was beginning to detract from their cutting edge productivity and image. In addition, Sarnoff's leadership wanted to keep their employees in the same building where barriers to communication and creativity were easily overcome. So, to accommodate the modest growth the company expected over the next few years, a new wing and renovations were needed to upgrade and enlarge the facility. And, to give Sarnoff facilities the high tech image needed to reflect their reputation for cutting edge ideas and technologies.

Another area in need of investment dollars was the spin-off process. The small amount of "seed" money that Sarnoff had been able to invest in past efforts was only part of what was needed. In reality, their people scrimped for dollars wherever they could, working spin-offs as though they were a second job. With the company growing and depending on revenue from the spin-offs as a key source of future profits, the process for starting spin

offs needed some attention. A venture fund idea was added to the plan.

In addition, the senior staff deliberated on the future fiscal environment. This was the only hint of "scenario based plan" thinking during the process. Planning for the next five years was based on how they had performed over the past five years. The past five years had been good ones. The company had grown healthy and strong, at a moderate pace. But, Sarnoff had no "rainy day" fund. Senior management needed a reserve that Sarnoff could "live on" through a rough economic downturn -- to prevent lay-offs. This too would require reinvestment of profit dollars. And finally. Sarnoff needed to give their owners "liquidity" in some way to ensure Sarnoff remained a good asset to own.

While long-range planning at Sarnoff's senior level was conducted in the of sense provided by the 2005 plan, at the division and below it is more haphazard. Division leadership sometimes proposed a separate "pizza party" where lab directors and business developers would meet informally in a round table atmosphere to explore future efforts in communications, HDTV and peripherals, cameras, software tools, etc. At other times Division leadership suggested equally ad hoc discussions on how to integrate these visions. Interesting to note, incentive and reward systems were considered an integral part of these discussions, as were implications of Sarnoff's global relationships, or cross

cultural concerns.

Surprisingly, Sarnoff's strategic planning and the DoD's planning follow the same principle of projecting 5-10 years into the future based on recent past experience to establish future costs. There, the similarity ends and there are many differences. Sarnoff is operating with a growing profit margin, and DoD a declining budget line. Sarnoff looked at "money losing" activities as a source for potential divestiture. And, there was no dialog on whether moneymakers were core competency related or not -- didn’t seem to matter as long as they made money. DoD, on the other hand, looks at "combat readiness'' activities it must fund. At Sarnoff where they are operating on a growth curve, there is little pressure or momentum to streamline or look for efficiencies, except where they are losing money in operating costs. In the DoD, efficiencies must be realized in order to make defense dollars stretch. At Sarnoff there was no scenario based planning to compare with recent planning efforts like Air Force 2025, Force XXI, 2020 Vision for the Navy of 2020, etc., or DoD's usual three or four bogies. Another difference can be found in leadership's approach to planning. At Sarnoff, the strategic plan was the president's plan, not a "corporate plan". There was no consensus building as occurs throughout the entire planning process of the services and DoD. Sarnoff's president began with a strong clear vision -- to grow the company 10 times in 10 years. The focus of deliberations was on how we get there from here. In the DoD, recent efforts to look further than 6 or 7 years out, like Vision 2010, Air Force 2020, Force XXI, etc., have given leadership a glimpse perhaps of where they are trying to steer the individual institutions in the DoD. However, DoD in the sense of operating as an Office of the Secretary of Defense "Staff', does not conduct similar planning efforts, at least not in as visible a way as the Services and Joint Staff. Even the Quadrennial Defense Review focused on the Service branches, and not on the Civilian leadership staff.

Reorganization

A major reorganization occurred during the Fellowship tour at Sarnoff and the process was straight forward. Similar to reorganizations occurring in DoD, it was top down directed. However, key vectors came from the lowest levels of management and supervision. The senior leadership focused on the amount of growth that had occurred in the past and the potential for future growth -- essentially derived from the 2005 planning effort.

Before Reorganization:  730 People

From their analysis, they decided Sarnoff needed to be organized to optimize the growth both past and future. In keeping with the vision of creating technologies that will change the world, and looking for future growth opportunities, the leadership went to the grassroots scientists and engineers. The task was to identify technical and market "thrust" areas where Sarnoff was not the leader and where breakthroughs would come in the near future (5-10 years) promising explosive growth. The answer came back in the following areas: the web, entertainment, bioinformation, and high resolution cameras. Then, behind closed doors, the senior leadership wove these new thrust areas into their reorganization thinking along with the specific talents of lab directors they wanted to promote to division vice president. They also aligned the organization with their investment strategy to use the large cash pool the profit line was generating. As a result, Sarnoff's leadership formed two new divisions in Information Technologies and Integrated Circuit Technologies. They also formed a new Executive Vice President for Ventures and Licensing with a Vice President for High Definition and MultiMedia Systems, and a Vice President for Patents and Licensing reporting. The venture operations would plow profit dollars back into the company as seed money in the thrust areas identified by the grassroots of the company, to accomplish Sarnoff's mission to create technologies that will change the world, with the goal of spinning off new companies.

After Reorganization:   1300 plus people
Where Sarnoff's leadership wished to accommodate growth, they raised laboratories that had the potential for explosive growth to division status. The leadership kept the relatively flat aspects of the organization; and, as you can see from the ventures and licensing organization they created, tremendous growth potential is expected from current and future spin-offs.

This is much the way DoD has reorganized its staff to accommodate new areas of growth like Information Dominance/Information Warfare and Privatization and Outsourcing directorates throughout DoD and Service staffs. The difference is the flatness that Sarnoff preserved. DoD predominantly has opted for additional divisions below the flag officer rank in most cases keeping layering intact.

The spin-off option

Sarnoff's vision of growing the company's value ten times in ten years and their 2005 plan called for the parent company to spin-off about 2-3 new companies per year. The spin-off process does three things for Sarnoff. First, it enables the company to stick to its core competencies. The Spin-off provides a mechanism for productization, distribution, marketing, and sales without distracting Sarnoff from its mission to create technologies that change the world. Second, it creates a source for future business revenue as the Spin-

offs turn to Sarnoff to push their technology to the next level of capability for the customers. In short, Sarnoff is the R&D source for the new spin-offs. And, third, it provides tremendous incentive for Sarnoff employees. Even though employees cannot leave Sarnoff to participate in the new companies they create, royalties and licensing fees come back into the employees pockets that spun the company off. As a result, the Spin-

off option is a powerful incentive program  individual employees and the company.

The process is relatively straight forward, but is an energy hog when it comes to company resources, at least until the new spin-off stands up with its own people and revenue resources. The seeds of a spin-off are planted when marketing and technical champions emerge from lower management, or below, to bring an idea to the attention of senior staff. The Fellowship tour included involvement in two spin-off companies.

In the first effort, a champion came forward from a marketing perspective with the idea that Sarnoff needed to somehow tap into the rich, and growing richer, market of desktop and laptop personal computer software applications. At about the same time, Sarnoff had just finished developing special software for the intelligence community that would mosaic sequences of video frames into a single picture enabling rapid transmission

and the ability to see an entire video in one picture. One of the technical folks linked up

with the marketing champion to put forward the idea that the average consumer, with

their camcorder could have this capability at their fingertips, on their home personal

computer, at a moderate price. All it would take is a small amount of work on the

algorithms. The Senior Staff provided 'seed" money to enable the algorithm work to go

forward. With demonstrations of the personal computer software to large world class

personal computer hardware providers, Sarnoff successfully captured their interest and

began formulating potential partnering strategies and attracting investors. The

negotiations that followed gave Sarnoff enough of an estimate of the revenue potential a

new company might be able to generate to decide to spin-off a company. The deal for

Sarnoff would be, of course, majority ownership, royalties and licensing fees. In

addition, future business would come to Sarnoff to develop technology for upgrades and

new products for the spin-off company. The deal for the employees would be a share of any royalties and licensing fees resulting from product sales made by the new company.

The second effort the Fellow was involved in began when a champion came forward, again from a marketing perspective, and expressed an interest in Sarnoff moving into the biotechnology or health care arena. No specifics in mind, just an interest in what potential Sarnoff could find there. With some "seed" money, the champion touched base with the pharmaceutical R&D world and learned of specific problems in new drug discovery. With an understanding of their needs, the marketing champion brought back a challenge to Sarnoff's technical folks -- how do you do chemistry with electronics? Sarnoff's deep experience in integrated circuit technology and microelectromechanical devices provided a spring board for new technologies they called "microfluidics". Basically creating a laboratory with 10,000 experiments on a chip the size of your thumbnail. The technology moves fluids around on a micro chip just as we move electrons around a micro chip today. An investment firm suggested that Sarnoff might have the basis for a spin

off if the technology could be demonstrated successfully. Sarnoff did, and within a year, the R&D folks at a top pharmaceutical firm made an offer for part ownership of any spin

off Sarnoff might create. The spin-off was done for the same kind of deals mentioned above.

Sarnoff Spin-off Process

The spin-off concept could be of interest to the DoD in several ways. First, as we tackle the challenges of privatization and outsourcing, DoD may find an effective role as an investor in "spin-off" type initiatives. For instance, a large company, well known for it's quality and expertise in a certain core competency, may not want to take on small individual government accounts. On the other hand, they might be willing to spin

off a subsidiary to do just that. The new company would be formed, building on the solid, experience based core competency of the parent company to meet an outsourcing need with the intent to spin-off from the parent company. The government could perhaps match parent company investment dollars and receive a "licensing fee" type of return on investment. Those dollars, in turn, could be plowed back into the new company to fund upgrades in services or new improved products for DoD customers. The upgrades and improvements, in turn, could bring the parent company additional business as a source of R&D for the new company.

Second, venture capital companies that currently invest millions in spin-off enterprises might be interested in a dialog on what role they can play in helping DoD wrestle with the privatization and outsourcing initiatives going forward now and in the future. The ventures community can track new, exciting companies and help develop partner relationships. They also can predict major trends and emerging innovative ideas ripe for investment. At Sarnoff, venture capital companies play a major role in getting spin

off companies off to a healthy start. In fact, Sarnoff has not been willing to spin

off a company without outside investment already on the table. Venture groups also aid in finding potential buyers for a new company if the deal is good enough to tempt the parent company to give up controlling interest. Dialog with venture groups may introduce DoD to innovative approaches to privatization and outsourcing.

Third, the DoD uses a spin-off like concept of organization in standing temporary task forces when addressing crises in theaters of operations. However, the approach to standing up a spin-off is different. Sarnoff provides austere, no trills resources for the initial stand-up of a new business, and streamlines the new enterprise to make money quickly. As Department of Defense resources continue to decline, this more aggressive approach may be an alternative to the intense resource Joint Task Force infrastructure used today.

The Partnership Broker

There are many companies on the cutting edge of information and entertainment technologies that have little to do with DoD, but that may have commercial solutions to warfighting problems, have limited avenues to bring those ideas and products to the warfighter's attention. And vice versa, warfighting problems remain little known to them. As a partnership broker, Sarnoff runs the National Information Display Laboratory for the intelligence community as a mechanism to bring partners from industry and government together where security compartmentalization and normal business boundaries prevent communications.

Mission

The National Information Display Lab mission is to bring the right commercial technology to the government to get the right information to the right people in the right place at the right time in the right format -- all the "right" words we want to hear. In reality, the Laboratory has an intelligence community focus because the contract is through the National Reconnaissance Office. But the principle is sound. A cadre from the National Information Display Lab interfaces with intelligence analysts in the field to gauge problems that analysts face in daily peacetime and deployed operations. The Lab then canvasses their contacts in the commercial world to see what solutions are available.

Then, they bring the government and commercial parties to the table to solve the problem. There seems to be potential for a function of this kind in DoD on two levels: between government and commercial as exists in the National Information Display Lab, and between DoD agencies and the military services.

It seems a similar function could have impact throughout DoD, well beyond the intelligence community. Although it is not well known, the National Information Display Lab is becoming popular in the information military community as it establishes contacts in each of the Services. The information interest stems from Sarnoff's leading edge technologies in displays and communications. Yet even within the information military community, each service is pursuing a solution to its problems without interaction with the other services. If the DoD wants to capitalize on commercial technologies and systems, a National Information Display Lab type function can help build communications pathways for commercial companies on the cutting edge that have little to do with government.

A function that could look across the Services to understand the problems we are wrestling with, and canvass the commercial world for potential solutions, and bring all the parties to the table might also be of great value to the DoD. It would not need to be a permanent organization, but could be a council or consortium perhaps. Whatever form it would take, DoD efforts at privatization and outsourcing could benefit from an entity like this. A group working with Defense Logistics Agency, OSD Installations and Logistics, and Service Support Organizations; canvassing commercial industry for what solutions are available; and, bringing the government and commercial parties to the table to solve problems may be worth exploring. The Small Business Administration works as a referral service for small/ disadvantaged businesses, but the giants out there like Intel and Microsoft as well as the small businesses, who see little "profit" in doing business with the government when compared to commercial business, need to be brought to the table. In the commercial world, there is no "fair business practice", he who has the best deal wins. DoD cannot rely on these businesses to bring solutions to the table on their own, but a National Information Display Lab like function could provide a way to bring DoD and commercial enterprises together.

In addition, great benefit from this kind of function could be realized within the Defense Establishment between DoD Agencies and the military Services. For example, few DARPA briefings to high ranking military officers end without a question as to where the other "Services" were with regard to the program. The answer is consistently that the other Services did not provide funding and DARPA only worked with the Service that did. Also, the overwhelming aspects of budget audit and competition in the Washington area created a culture resistant to open dialog. For instance, a program manager, trying to protect funding, usually discourages visibility outside the primary source of funding -- if other Services or Agencies don't know about it, they can't challenge the programs approach. A National Information Display Lab-like organization could work with the joint warfighter in the field to identify problems; and then, canvas research programs to bring solutions already being pursued for a single Service to a broader military audience. The Defense Logistics Agency is another area where a function like this might benefit each Service as they separately search for "leaner" or “just-in-time” logistics, or the inevitable obsolete electronic component issue that is never a matter of if, but when.

High Tech is a state of mind

Creative Culture

For a company that defines the cutting edge of information technologies, one of the most astounding things about Sarnoff's culture and their primary communications means is how un-high tech it is on the surface. When you first look at Sarnoff, you see a personal computer on every desk linked through an intranet called Sarnoff Share. And, even though they have access to the Internet through Netscape software, that about sums it up. Sarnoff does use state of the art tools for breakthroughs in hardware like multi-spectral cameras and lasers, and space age materials for making micro chips and displays, etc. And, they use their intranet to its maximum capacity for communicating and coordinating daily activities, and for word processing and constructing briefings. But, they do not use information technology as a primary means of conducting their business which is creating new technologies that will change the world.

Their cutting edge comes from the top one percent of the top universities in the nation that are recruited to Sarnoff along with top recruits from the pure math centers of the world like Israel, India, Pakistan, and Russia. The creativity of these minds is not stimulated through interaction over computers or through video medium, but through the ability to discuss, challenge, and vigorously debate theory and ideas face-to-face. The "one building" for Sarnoff is important specifically to facilitate physical presence. In addition, the use of video teleconferencing has not taken at Sarnoff, not only because of this aspect of creativity, but also because of their desire to meet in person with clients, especially when dealing with other cultures. Although "one building" is not applicable to the vast distances spanned by the DoD, the trend of desktop video

teleconferencing and collaborative software that is happening in industry should be applicable. The declining cost of video-teleconferencing from the desktop and collaborative software tools can help defense personnel come together in dialog and debate to foster efficiency and effectiveness. Although pockets throughout the DoD are using these tools, there is no widespread effort like the Desktop Contract series to make them available in the same way personal computing is available.

A Matrixed Workforce

The small number of employees in Sarnoff--700 plus -- and a survival culture that denied the ability to hire new people for its first ten years of existence as a free enterprise, created a highly matrixed work force. Although Sarnoff's workforce is organized under 14 laboratories in groups of 8 to 10 people, the people rarely work together as a group.

From management's point of view, each individual has the ability to generate 120 hours of billable work each month based on a 40 hour work week. The "busy-ness"' or revenue generation, of each individual is closely monitored by upper management. Sarnoff is small enough to permit this type of micro-management. The pressure on middle management to keep people busy doing only those things that will produce revenue for the company is intense. The result has been a lean work force with skeletal administrative overhead -- except for financial management.

Program Managers "negotiate" for people from various groups in order to put together a team with the specific technical talent required for their projects. Groups will negotiate based on the amount of time an individual has available. The result is a workforce where individuals are slated to provide a varying amount of time to various projects throughout Sarnoff. For instance, a software engineer might spend 10 percent of their time on a government project sponsored by the JCS, 30 percent of their time on a commercial project for Johnson and Johnson, 10 percent of their time on another government project sponsored by the Department of Education and have an extra 15 percent of his time up for negotiation for anyone who needs a software engineer. In the Department of Defense, this would equate to a software maintenance technician providing different percentages of his time to different units with different systems throughout a Joint Task Force, which he might be able to do if he was a Ph.D. and ranked nationally at the top of his field of software maintenance. However, from observations at Sarnoff, after being spread between two projects, a third project (and sometimes more) stretched some individuals to a point where quality began to suffer. As a result, matrixing to such a high degree required close personnel management by supervisors to prevent overload. Although individuals were unable to do any one project really well, they were able to complete all projects at an acceptable standard due to their exceptional talent as a scientist or engineer. And, the experience gained from the various aspects of work helped the individual grow in competence.

For the Department of Defense, the Sarnoff example of a matrixed workforce, with its limitations, may not be an option for the military where stakes are measured in terms of lives and national resources. On the other hand, some benefits can be possible in peacetime through increasing opportunities for cross-Service exchange programs. What if individuals approaching management or command levels were `'matrixed" across the Services using exchange programs to gain experience in breadth? Their experience would help them bring a broader perspective to the table than individual weapon systems or major command missions -- particularly for those destined to fill joint staff and CINC staff billets. The value a maintenance/logistics officer or senior NCO brings to the Joint Task Force leadership team if they have experience across F- 16 fighter aircraft, M-1 tanks, and Aegis cruisers would be immense. Today, the Joint Task Force gets a logistician or maintenance officer with experience from one Service, and most likely, in one weapon system. Rated exchange programs between the Services currently exist, but perhaps during peacetime expanding this to encompass other disciplines would pay big dividends.

Half of Sarnoff's business is government -- the most painful half

Sarnoff, with its broad commercial base is a major player in the invention and development of information systems solutions for commercial companies and for the government. The pace of technical change is affecting how to approach solutions. Temporary, but empowered, project-oriented teams is now the norm and is essential to meet development timelines. The government is still laboring under acquisition rules and mindsets that were created in the 80's, and not yet adaptable for today's pace of advancement and it's team oriented business environment.

Commercial is much more than catalog sales

The impression at Sarnoff is that when the government refers to commercial off

shelf, it is referring to something already in a catalog with a price list that others are buying. In reality, commercial is much more than catalog sales, particularly when dealing with the information and entertainment industry. Most information and entertainment industry companies are located on the west coast and are what Sarnoff refers to as the Hollywood Business Model. The company works out of a "garage", employs a small core of folks full time, and, when they get a job, hires a team tailored to the job. In many ways they are just not structured to do business with the Government. They are used to working with other peoples money and expect big up front funds which will be liquidated over the life of the program. They expect to be paid on milestones or fixed monthly payments. They also expect strong severance pay if the job is terminated early. They are not structured to handle auditors and are not structured for the kind of bookkeeping government business requires. They don't want their rates set. And, of course, they are reluctant to open their books to audit since they don't do it for non-government clients. Also, government accounting systems to cost reimburse contracts forces a company to fixed price and limits their flexibility to improve from learning as the job progresses. In short, why would they want to do business with the government? One reason could be that their technology is pushed about as far as the movie industry is interested in pushing it, and the government can provide necessary funding to push the envelope further. Hardware, software licensing, and modest customization are normally considered a total commercial deal when selling information technology based products to the government like computers and software. Sarnoff found that setting up deals between government and commercial companies for normal business products can be done relatively painlessly, but that when the government then needs custom services or added customization to accommodate military mission needs, the label "commercial" no longer applies.

It sounds like the Government may need to train contracts personnel to appreciate the information and entertainment commercial market as it exists and is changing. And, to expand the definition of "commercial," it is more than just catalog sales. Contracts folks used to be trained in graduate programs at universities where cross pollination with industry experienced people could take place and curriculum was developed by those with recent experience in the industry. Over the years, Government began to train its own people and the result is that government personnel may be out of touch, or the pace

of change has resulted in training programs that are lagging behind. Are our people trained in a vacuum with curriculum developed in a vacuum? The government may benefit from getting financial and contracting personnel in touch with the information and entertainment industries they are dealing with through university and commercial training programs. Also, fellowship programs like this one, for civilian and military personnel, in non-defense companies would help. If the education part is done well, changing the of "commercial" will happen.

Government Agency Teaming

A trend developing in DoD, as budgets decline, is teaming. Sarnoff's normal business methodology is to always team where you need more strength to attack the problem and win the business. During the Fellowship tour, Sarnoff was observed in many teaming arrangements, and teaming always brings dilemmas. But, one thing was clear. It was the spirit of cooperation with which each member approached the team that had more to do with a successful outcome, than any written contractual arrangements. And, the DoD may want to put more emphasis on this aspect in the future.

Another trend developing as budgets decline is for multiple government agencies to pool money in an effort to afford optimum solutions and encourage "jointness". Sarnoff has been awarded several of these "teamed" contracts, and they come with their own unique set of problems. Money from different agencies arrives at the agency where the contract that will be used is managed. The money arrives at different times feeding fluctuations in Sarnoff's schedule -- sometimes driving cost up. Contracting Office execution of the contract are not empowered to move or hold money to optimize cost and schedule. In effect, they are relegated to one more layer of bureaucracy with no authority. Scarce dollars are juggled by financial managers centrally holding control. This situation is similar to the information flow problems the warfighting community is facing as it seeks to find a way to share a fused view of the battlespace and push decisions to the lowest level -- the troop on the scene who has the best information.

It sounds like some organizational flattening may need to occur in government contracting organizations to empower the folks on the front line. If an organizations top level financial managers could share the fused-view of the financial picture from "rear" financial centers to COTRs on the line, arming them with the "commanders financial intent" and empowering them to make the best decision, the process could be streamlined. Why should there be a different approach for our financial warriors, than for the warfighters. The objectives of both communities should be the same -- to speed up the process by streamlining decisionmaking and empowering the men and women on the line. In the end, we can accomplish overall objectives while saving lives, or in this case, dollars.

Financial Decision Loop

One of the universal gripes about doing business with the military is, of course, the ponderous pace of the contracting mechanism when it attempts to move money from the government to the contractor. There is a time gap between the moment a senior military official makes a decision to approve a proposal, to the moment the money actually flows into the contractors hands. The large defense contractors who can absorb the risk, will move out immediately, giving senior military officers a false sense of responsiveness from the financial system. Smaller companies that cannot afford the risk and need the dollars to commit resources against, appear to be dragging their feet. In reality, they are waiting for the financial mechanism of the military to respond to the senior officers decision. Due to accounting mechanisms, there is no way for businesses to bill risk work to the government done before the money starts to flow without "cooking" the books or eating margin. It is a no win situation for those companies that do not do business with the DoD on a regular basis, and appears on the surface to be one of the secrets to repeat business for major defense contractors.

Federal Acquisition Regulations

It doesn't come as a surprise to those in DoD that current Industrial Age Federal Acquisition Regulations don't work in the Information Age, there has been a tremendous amount of dialog about it over the past few years. Advanced Concept Technology Demonstrations is an example of a successful acquisition strategy to close the time gap. In the end however, when the DoD moves to transfer the demonstration to an acquisition program, the same laborious and time consuming acquisition regulations must be followed. The problems are amplified when doing business with a company like Sarnoff.

New Technologies

Sarnoff technologies that will change the world

A few of Sarnoff's new technologies that will be of particular interest to the DoD are highlighted below. A more complete listing is included in Attachment 2.

Electronics Technology

Microelectromechanical Systems (MEMS)  

These systems use Low-cost materials and mass fabrication methods of the integrated circuit industry to create operational miniature devices with cantilevers, gears, valves and membranes to control and move atoms, gases and liquids at the micron level, spawning revolutionary new electromechanical devices. MEMS devices have potential for many low-cost applications such as unattended sensors, bioinformatics for biological and chemical identification, data storage, and weapons systems.

Generalized Emulation of Microcircuits (GEM)

This program focuses on the replacement of obsolete military microcircuits with new integrated circuits based on current commercial technology. The emulation part duplicates the form, fit, and function of the original part so that parts that have gone out of production and are no longer obtainable in their original form can now be maintained in working order without costly redesign. For example, Sarnoff is currently supporting the F-15 radar, the Army fired radio, and the AEGIS radar system for the Navy.

Vision Technology

Moving Object Detection and Tracking -- Sarnoff created computer vision systems that detect and track objects moving in a scene. These systems support a broad range of commercial and government applications from traffic monitoring to aircraft collision warning to battlefield surveillance. Sarnoff developed unique capabilities to perform motion detection even when the scene is viewed from a camera that is itself moving, and has developed unique pyramid processing devices that provide unprecedented performance using only compact, low cost devices.

Multi-resolution Pyramid Databases -- Sarnoff has pioneered Image Pyramids, which allow images to be represented and processed at multiple spatial resolutions. Pyramid representations decompose the imagery into their fundamental components at different spatial scales. Pyramids also support fast processing, information

based selection of focus of attention, and enable real-time processing of video sequences. Images and video stored in databases can be organized using pyramid representations. These support highly efficient image and video compression, progressive transmission, rapid indexing based on multi-resolution image content, and efficient manipulation of image and video information.

Joint Operations Visualization Environment (JOVE)

A 3-D immersive environment that has been successively used at several joint exercises for control for the exercise. The system uses a 3D visual and audio immersive environment to present a fused geospatial and tactical common operating picture. Interaction supports the users need to control the presentation as well as access related and supporting information. The JOVE system is scheduled to be part of Joint Warfighting Interoperability Demonstration in 1997.

High Bandwidth Communications Technology

Datacasting -- Broadcasting of data to personal computers through Advanced TC and NTSC broadcast channels. Based on Sarnoff's work on digital High Definition TV systems and data transmission using subcarriers in NTSC channels, it is possible to transmit data a throughput rated of 500 Kbps to 2 Mbps. The data pipes will carry popular web sites, news, information and other content of interest to consumers. Broadcast networks, local TV stations, and cable system operators worldwide are all potential users of these systems. What about potential for warfighters?

Wireless Broadband System (WBS)

Using commercial off-the-shelf equipment an a local multipoint distribution system developed by Sarnoff, a two-way interactive wireless communications system was demonstrated at Joint Warfighting Interoperability Demonstrations 96. The demonstration provided a solution to the "last mile" problem that is being solved today with multiple C-141 loads of cable on pallets. This system can simultaneously support voice, data, and video traffic in full two-way operations over a three to five mile radius. For DoD, would meet the needs of air base, fleet. and supply base communications needs wirelessly while freeing up airlift. Currently sponsored by the Air Force Communications Agency.

Wireless Interoperability Testbed (WlT)

This system is a consortium of Bellcore, Lucent Technologies, US Army CECOM out of Ft. Monmouth and Sarnoff. The purpose is to prepare distributed existing facilities to test a new generation of commercially available advanced wireless communications equipment under combat realistic conditions. Currently, the Army is the only service in DoD participating. This is an area DoD might want to bring to all Services attention.

Microfluidics

New Drug Discovery -- Sarnoff is developing a laboratory on a chip. the leading ultra- high throughput synthesis and screening instrumentation for discovery and development of pharmaceuticals and chemicals. It is based on a new electronic silicon microchip. Currently it can take many tears and several hundred millions of dollars to get a new drug from the lab to the pharmacy. Sarnoff's technologies enable creating more specific drugs with a greater chance for success in clinical trials. Tens of thousands of drug candidates will be synthesized and screened for activity in a single day, based on combination chemistry. It will be the world's smallest new drug discovery lab.
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DMD – Digital Micromirror Display (DMD) are subminiature arrays 

of light reflecting controllable mirrors that can form the heart of a 

very efficient, high resolution projection display. Sarnoff optical 



designs demonstrated the high efficiency, high brightness DMD pro-



jector. Commercial DMD products for professional multimedia dis-



play projectors are available today from our commercial partners and 


full-resolution HDTV projectors will be available in the near future.


EL -- Electroluminescent (EL) displays are solid state light emitting 




displays. Their ruggedness and wide temperature range makes them 




uniquely suitable for military environments and high reliability 




medical instrumentation. Sarnoff advances have led to the world's 




first full color commercial EL displays and very bright, miniature 




displays that are ideal for personal and HMD applications.


Five Mega Pixel Display— Sarnoff with its commercial partners 




under the NIDL has developed the world's brightest and highest 




resolution CRT display. The 14 x 17 inch monochrome display 




contains five million pixels with 200 foot lamberts. The high 



brightness, high resolution CRT technology together with liquid 



crystal color filter technology could also produce displays expected 



to be highly useful in critical imagery applications. NIDL has 



provided technical assistance to commercial display manufacturers in

 
that no fewer than four US manufacturers have introduced 



commercially available high brightness, high resolution monitors.


Human Computer Interface (MCI) with JOVE — Sarnoff has 



demonstrated unique capabilities with the development of the loins 


Operations Visualization Environment (JOVE) system. JOVE is a 3-



D immersive environment that has been successively used at several 



Unified Endeavor exercises (UE-96/2 and UE-97/1) for the control 

of the exercise with great success. This advanced human computer 



interface design (MCI) uses a 3-D visual and audio immersive 



environment to present a fused geospatial and tactical common 



operating picture. Interaction supports the users' need to control the



presentation as well as access related and supporting information.
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The JOVE system is scheduled to be part of JWID '97 and the 



Coherent Defense (Tactical Ballistic Missile Defense scenario) in 




June '97. JOVE will be the starting point for making new advances in 

interaction and visualization technology directed at decision makers 



and their operational staff.

Image Fidelity Predictors Band on JNDs—Sarnoff developed a 



vision model that predicts the fidelity rating a human would assign to

 
a degraded image (or image sequence) relative to an original. When a


human can just barely distinguish between two stimuli, the response 



difference is said to be a just noticeable difference (JND), and the 



human is at a threshold of discrimination. This difference can be 



calculated and the algorithms implemented in an IC that is being 



developed which support improved compression, color correction, 



transmission and display.


LCD—Liquid Crystal Displays (LCDs) are the preeminent flat panel 



display technology today. They are ubiquitously found in watches, 



calculators, cell phones, laptop and desktop computers, personal 



televisions, etc.—indeed all display applications. The LCD was 



invented at Sarnoff. Sarnoff technology formed the foundation of the 



only US polysilicon LCD company, Sarnoff designed the highest 



pixel density LCD, while other Sarnoff technology has led to the 



world's first fully integrated amorphous silicon LCD.


Phosphor Technology Center of Excellence Consortium--DARPA 


recognizes that phosphor technology plays a key role in most display 



systems and formed the Phosphor Technology Center of Excellence 



(PTCOE). Sarnoff is a member of the group selected to establish this 



Center. The initial activities of the PTCOE are to support DARPA 



initiatives in phosphors for cathode ray tubes (CRTs) for 



electroluminescent (EL) displays, for plasma display panels (PDPs), 



for field emission displays (FEDs), and for backlights used in liquid 


crystal displays (LCDs). At present, Sarnoff is investigating EL

phosphors, low voltage FED phosphors, high current loading CRT
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phosphors. Sarnoff's partners in the PTCOE include Georgia Institute 

of Technology; University of Florida; Oregon State University;

University of Georgia; Pennsylvania State University; and the

American Display Consortium.

SASID—Self scanned Amorphous Silicon Display (SASID) is a 



standard amorphous-Si process. This revolutionary technology 



developed at Sarnoff improves the manufacturability of LCD 



displays, increases the viewable area, and makes them more highly 



reliable with higher yield, higher image quality and lower power 



consumption. Sarnoff is conducting joint development work 



worldwide on this innovative flat panel display technology to bring 



into the consumer/commercial marketplace.


Softcopy Quality Control.  Beginning in 1993 NIDL became an 



active participant in the National Imagery System Softcopy Quality 



Assurance Program, reviewing and recommending the government



focus on the quality of softcopy systems. From this program began



development of a software tool, called SofTrak, to test and track 




display calibration. Since 1994, NIDL has provided an enhanced 




version on an experimental basis to many DoD and National image 




users. Another system, called HardTrak, developed with a 




commercial vendor, has demonstrated user friendly test equipment 




for tracking and adjusting display quality. Together these tools have 




improved the time to complete periodic assessment of 




workstation/display quality in selected intelligence centers from as 




much as several hours to tens of minutes.


Visualization .   Sarnoff is a world leader in the presentation and 



visualization of information. Through both hardware and software, 



visualization, although still in its infancy, offers the only coherent 



and comprehensible access to large volumes of multi-dimensional 



information allowing for rapid assimilation and decision-making. 

3-D and virtual  reality display systems, for example, can enable rapid 



situational awareness for the US military in complex geometric 



environments, as well as controlling information "clutter" in densely
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packed, information-rich scenes. Full, multi-modal "immersion" in 



virtual reality can provide effective training, learning, mission 



planning, and rehearsal environments.

Information Processing.  Analog-to-Digital Converters--Sarnoff’s customized 

A/D converter 
designs have been patented and now commercialized by Signal 
Processing Technology, Inc. The result is a product line of analog-digital converters based on a low-power, CMOS technology that 

provides very competitive price, power, and performance in the 


marketplace. This family of products operates at 10 bits, 5 msps 


with power consumption between 75 to 200 mW. Research and 


development continues to expand the capabilities and strength of 


A/Ds, and Sarnoff if working on providing the world's first CMOS 


based 12 to 14 bit A/D converters.


Electronic Billboards.   The world's first system designed to insert 



images or motion video into live and other video broadcast 



programs. Based on Sarnoff's pyramid processing technology, it is 



commercialized by PVI, Inc. This unique system seamlessly inserts 



commercial images, for example, in place of existing advertising that 
surround a venue during a live television broadcast. Broadcast 
net-


works and affiliates, independent stations, cable networks, and cable 



system operators worldwide are potential users of this technology.


Pre- and PostProduction Movies—The creation and use of motion 



pictures, video features, and advertising increasingly demands the 



seamless combination of photography, video, and computer 

graphics. Sarnoff's technologies in the pyramid decomposition of images, advanced compression and a quantifiable human vision based color model are the basis for transforming the currently manpower intensive tasks of rotoscoping, 3-D set construction, motion estimation and media integration. The development of these techniques has potential for enormous productivity gains for content providers In commercial and government use, so that increasing accuracy and resolution of visual media is possible.
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Pyramid Based Image and Video Processing — This practical application of a

special type of wavelet transformation, has been implemented by Sarnoff researchers into real time processing hardware devices and practical algorithms for computers ranging from workstations to PC laptops.

Through the application of processing filters subsampled, image pyramids may be formed facilitating local integration and computations of local motion vectors, moments and textures with computations performed at the most efficient layer of the pyramid.  In the real-time hardware implementation of this image processing, successive frames of video are warped into a common coordinate system, resolved to a sub

pixel accuracy, and stabilized with its corresponding increase in resolution. Using successive stabilized frames supports the rapid calculation of an image mosaic or panoramic combination of video frames.  Additional processing of different sources supports the fusion of similar images, for example the same scene taken from visual and IR cameras, image decomposition such that the still and moving portions can be separated, sensitive moving target detection, a type of Image compression, and stereo processing.

Softcopy for Photo Interpretation— In 1991 the Marine Corps' tactical 

reconnaissance imagery exploitation capabilities were antiquated and based wholly on film. This slowed the ability of the Marines to exploit imagery in time critical tactical situations. The IMagery PRototype INiTiative (IMPRINT) was undertaken with a requirements definition and knowledge engineering phase. In an initial development phase of six months, NIDL provided a prototype of a softcopy workstation to the 2nd Fleet Imagery Interpretation Unit FIIU) at Cherry Point MCAS, NC. The Marines were provided capabilities to do image registration, mosaics, multi-sensor fusion, object recognition and 3-D estimation.


Video Processing—Sarnoff is a world leader in video technologies,


the technological driving force of the consumer entertainment 



revolution, and rapidly emerging as a primary source of imagery for 



the US military for intelligence gathering, battlefield surveillance, 



and unmanned vehicle guidance and targeting. This is crucial 



because video can provide the most current information in the field 
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under the full control of the battlefield commander. Recent advances 



in digital image processing technologies have enabled real-time video 


exploitation, such as video mosaic construction, video stabilization 



increasingly become the basic sensing modality for automated 



monitoring and targeting systems for the US military.

Records Management and Database Architectures

Databases— Sarnoff has been developing capabilities in database 



management systems (DBMS) for commercial and Government 



applications. These include: Distributed Databases; Mobile Database 
Systems; Object-Oriented DBMS; Object-relational DBMS; 



Information System Architecture; Data Caching and Replication; 



DBMS Query Optimization; Distributed File Systems; Video on 



Demand; and Multimedia Storage Systems.

Infobase— Sarnoff has developed techniques for capturing and 



tracking information about an analysis process and making that 



information available through querying and visualization processes. 



This approach, embodied in an object oriented database framework, 



also provides a mechanism for explicit sharing of information among 
analysts. These techniques have been applied to collaborative tasks 



including mapping (Infobase), open source analysis (NSA/ADE) and 
distance education (CLASS).

Video Indexing—Sarnoff developed new algorithms to find scenes 



in videos by color, texture content, and other attributes. A web-

based 
client-server demonstration system has been created that shows how non-linear content based access of videos at the clip level can be 



accomplished efficiently. This system combines spatial indexing 



through video mosaic based indexing with appearance based 



indexing to allow a user to sift through and access a large collection 



of videos at the clip level. Java/HTML-based interactive video 



content manipulation and browsing is very important for any future 



video exploitation, archiving and browsing system development, and 


as a first step for coarse indexing before fine alignment for geo-



registration and other videoreference alignment problems.
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Video Storage — Sarnoff is pioneering the use of MPEG compression

technology in the television broadcast studio environment, 

inventing novel ways to perform switching, editing and processing on compressed data. While this was once widely believed to be an impossibility, Sarnoff technology allows video to be efficiently stored and manipulated in the broadcast studio environment, reducing storage capacity and costs by at least a factor of 4. These technologies have potential government applications for video database storage of UAV and surveillance video sequences.

Distance Learning-- Consortium for Educational Process and Technology (CEPT) 

— CEPT was an alliance of Sarnoff, Educational Testing Service ETS), and the Williamstown Education Foundation to develop collaborative and long-distance learning techniques.

Interactive Distance Learning: CLASS—For an educational dual-use 

application, NIDL is transferring technology and capabilities 

developed initially by NIDL for the Intelligence Community and DoD 

to the University of Nebraska. Under the CLASS Project, which is 

being done jointly with the University of Nebraska Lincoln, 

Nebraska Educational Telecommunications, and the Nebraska State 

Department of Education, NIDL is developing a dynamically 

interactive, student-centered course environment through an 

electronically available communication, learning, and assessment 

system. Students access moving imagery, graphics, sound, and text 

via a transparent interactive navigational system that encourages 

individualized learning, discovery, and exploration.

CLASS will provide new avenues of access to educational 

opportunities through cost-effective alternatives to conventional 

classroom and teaching situations. These new avenues are 

particularly important when reaching out to the nontraditional 

student, geographically isolated and/or disadvantaged segments of 

the population, as well as to the success of minorities and at risk 

individuals.
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Assisted Target Recognition

Face Recognition—Sarnoff has developed a system for biometrics-

based personal identification that can operate remotely, from a 


distance of several feet. The system locates the face of a subject as 

he approaches a bank machine or enters a secure government 

facilities, then automatically directs a high resolution camera to capture a close up view of the subject's eye and iris for use in identification. Sarnoff has provided the key face location, tracking and vision hardware technologies that make high performance remote identification possible.

Iris Recognition— The world's most accurate and unobtrusive identification 

system design to passively verify or recognize the identity of a individual. It is based on Sarnoff's pyramid processing technology in partnership with IriScan, Inc. and John Daugman of Cambridge University. It is commercialized by Sensar, Inc. This system unobtrusively acquires an image of a user's eye from a distance of 1-3 feet. The unique patterns on the iris of the eye—as good or better than fingerprints—are then used to verify or identify the user. Potential applications include fraud protection at Automated Teller Machines, retail stores, and prevention of unauthorized entry.

MRI Change Analysis and Visualization — Magnetic Resonance Imaging 

(MRI) is capable of detecting most cancers, including some not detectable by clinical breast examination or mammography. It shows particular promise in detecting and staging cancers in radio-dense breasts, where mammography is not effective. In an MRI scan, a contrast dye injected into bloodstream can provide information about blood supply to tissues and can thus "light up" a tumor by highlighting its blood vessel network. Usually, two scans are taken: one with and one without contrast agent. The two images are matched and areas of difference are highlighted. If the patient moves even slightly between the two scans, however, the shape 



and size of the image may be distorted. NIDL has developed software to
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align the. images before and after injections of the contrast agent. Evaluations at the Massachusetts General Hospital and the hospital of the University of Pennsylvania found the software package to have clinical value.

Moving Object Detection and Tracking—Sarnoff has pioneered computer vision 

systems that detect and track objects moving in a scene. These systems support a broad range of commercial and government applications, from traffic monitoring to aircraft collision warning to battlefield surveillance. Sarnoff has developed unique capabilities to perform motion detection even when the scene is viewed from a camera that is itself moving, and had developed unique pyramid image processing devices that provide unprecedented performance using only compact, low cost devices.

Neural Nets— Sarnoff's novel approach for combining neural networks with 

multi-scale, pyramid image representations (the Hybrid Pyramid Neural Network or HPNN architecture) enables low-resolution or "contextual" features to be efficiently and jointly
learned with high-resolution features to significantly improve object recognition. It also naturally permits the fusion of multiple geo-registered data sources for object detection. A recent medical application is in the detection of micro-calcifications in mammograms, a key indicator of breast cancer.

Breast Cancer Algorithms—Working with researchers from The 

University of Chicago, Sarnoff adapted a surveillance image analysis 

method that uses neural network computing to detect small, hard

define patterns in large images. This system is capable of learning

relationships between image features at different scales. For

intelligence purposes, it can learn that small clusters of buildings tend

to be located near roadways. In breast imaging, it can learn that false

detections tend to be near long lines of connective tissue. In two

separate studies, the neural network reduced the false positive rate of

the University of Chicago CAD system by half. A large scale

clinical study is being organized to confirm the efficacy of the

technique.
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Multimedia Databases

Infobase—Sarnoff has developed techniques for capturing and



tracking information about an analysis process and making that



information available through querying and visualization processes.



This approach, embodied in an object oriented database framework,



also provides a mechanism for explicit sharing of information among



analysts. These techniques have been applied to collaborative tasks

including mapping (Infobase), open source analysis (NSA/ADE) and

distance education (CLASS).

MPEG 7—A recent effort to standardize the multimedia content 

description interface, so that efficient and interoperable content

based search and retrieval methods can be achieved. Potential applications 

are in multimedia content creation, re-use of multimedia data and its 

distribution, digital library, etc. Sarnoff actively participates in this 

standardization effort through relevant technical contributions.


Multi-resolution Pyramid Databases—Sarnoff has pioneered Image



Pyramids, which allow images to be represented and processed at



multiple spatial resolutions. Pyramid representations decompose the



imagery into their fundamental components at different spatial scales.



Pyramids also support fast processing, information-based selection



of focus of attention, and enable real-time processing of video



sequences. Images and video stored in databases can be organized

using pyramid representations. These representations support highly

efficient image and video compression, progressive transmission,

rapid indexing based on multi-resolution image content, and efficient

manipulation of image and video information. Sarnoff first

introduced pyramid vision techniques, and has continued to pioneer

of pyramid-based vision algorithms, software, and pyramid- based hardware for real time vision.

Web Servers—As the web becomes the dominant feature of both 

commercial and government information systems, the importance of 



web servers continues to increase. These servers store and serve
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the HTML format information available on the web. Sarnoff has 

developed a unique Distance Learning server with novel 

functionality, such as student activity monitoring, student

driven information tagging, and support for teacher

student collaboration.

Storage Media and Storage Devices


Consumer Video Servers— Video servers are a new class of 




computers that allow thousands of users near real-time (seconds) 




access to the same multimedia data from archives (image or data 




vaults) made up of Tera-bytes of data. With high data rate access to 




the web with powerful search and navigation features; global 




connectivity of video servers with access worldwide within 1-10 




minutes; real-time fusion, manipulation and interaction of multiple 




data sources. The benefit to the government is the deployment of 




high-speed database access capability at consumer costs. Consumer 




Video Servers are an enabling technology for situational battlefield 




awareness, mission planning and rehearsal, remote medical care and 




many more important applications.


DVI—The world's first implementation of full-screen full-motion 




compressed digital video stored on CD-ROM and played back in real-


time on a PC platform. Digital Video Interactive (DVI) Technology 




incorporated Sarnoff breakthroughs in video encoding for CD data 




rates, novel hardware chip designs for real-time video processing 




and display, and board product design and system software 




architecture for real-time video processing on the PC platform. 




Based on Sarnoff's works in digital video and compression, pyramid 




technology, and human vision, DVI was spun off to Intel Corp. in


1988, which has continued driving digital video through later



generations of their Smart Video Recorder (TM) video 




compression algorithm products.


Holotape — Holotape was the first potentially widespread, 
commercial

 application of holography on a vinyl tape, developed at  Sarnoff in 
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the early 70s. It provided an inexpensive medium for distributing 

prerecorded video programs to consumers before the era

of low cost magnetic tape, using thousands of holograms

mass produced on a vinyl film.

Optical Disc — High capacity, random access, removable,  rewritable, cost

effective data storage media and systems using lasers to store and 

retrieve data. Major consumer markets have included CD, CD-ROM, 

and most recently the DVD family of discs while commercial and          government applications have included libraries, servers, video editors,

ruggedized systems for airborne and naval  platforms, and other mass storage data files. Sarnoff pioneered optical disc recording media, the 

first diode laser recording, and the first diode laser multi-channel recording system for high-data transfer rates to store and retrieve data from disc.

Novel Video Tape Storage Technique—Sarnoff has developed PRML signal

processing technology that allows the new FCC HDTV standard (19.3 Mbps) to be recorded on a standard, low cost VHS recording deck and

heads. This approach potentially enables the of high capacity consumer storage systems to be based on mature mechanical designs that have proven reliable and are low cost.  Government applications of this COTS technology potentially range from UAV video recording to image dissemination to computer backup.

Novel and Supporting Technologies


   Accurate Drug Delivery—Part of the big technology revolution, 


  
Sarnoff is working with pharmaceutical companies to find new drug 



delivery technologies that improve the effectiveness of highly


  
specialized drugs. Sarnoff's unique technology is so versatile, it can



be used for oral tablets, patch, or respiratory drug delivery, and



accommodates and "dry powder" drug, including small organic



molecules, peptides and proteins. Sarnoff's technology can control



doses from 1 to 150,um, and it is lightweight, convenient, disposable
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and offers drug particle size classification for optimal respiratory



therapy.

CCD Visible Imager Sensors—Sarnoff is taking advantage of new 




business opportunities in the area of high-speed electronic cameras 




and chips. Imager concepts and design have been successfully 




introduced into international commercial markets. The imager chips 




around which this business is developing have very high frame rates 




(up to 25 times ordinary television frame rate) combined with 




exceptionally high sensitivity and low noise. Applications include 




image recording at high speed, multi-spectral image acquisition, and 




electro-optical signal processing.  Sarnoff's visible imager 




technology offers 512 x 512 and 1024 x 1024 high performance, 



low noise, back-illuminated sensors that operate at scan rates close 



to 1,000 frames per second. A proprietary thinning process thins the 




silicon to 0.0005 inches, permitting backside illumination and 100% 




fill factor for high quantum efficiency.

Commercial Standards

Display Measurement Procedures—Working with the Society  Information

Displays (SID) and the Electronic Industries 
Association (EIA) JT-20 committee in 1994, NIDL helped  establish standards for the

measurement of both monochrome and color monitors. NIDL proposed and won acceptance of its measurement procedures.

ATM—NIDL is a member of the Asynchronous Transfer  Mode (ATM) Forum

and participates in two committees dealing with wireless communications of the Telecommunications Industry Association (TIA). The ATM Forum is a consortium of industrial and educational organizations that 

provides recommendations to the standards bodies (CCITT, ANSI, etc.) on ATM standardization, and has made considerable progress. The TIA committees are focused on wireless communications which are a rapidly expanding area of commercial investment with impact on government user 



applications.
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DAVIC—Another forum that NIDL participates in is the Digital 



Audio-Visual Council (DAVIC). DAVIC seeks to ensure the 




smooth introduction of the new interactive services by



promoting the timely availability of internationally agreed 



-upon specifications of open interfaces and protocols to 



maximize interoperability across countries and services. 



NIDL has also participated in the Federal Wireless User's 



Forum Workshop.

Visual Display Terminal Workstations — NIDL actively participated 

in the writing of the American National Standard Institute standard 

for Human Factors Engineering of Visual Display Terminal

Workstations (ANSVHFES 199x), which is an update of the 1988 standard. NIDL has conducted the measurements necessary to ensure compliance with the ANSI 1988 standard for monitors the IRS is acquiring.

VESA — As video is rapidly becoming a new data form of value to the DoD 

and Intelligence Community, NIDL has participated in the newly 

formed Video Electronics Standards Association (VESA) in cooperation with the Department of Commerce's National Institute of Standards and Technology (NIST).

VESA FPD — VESA and NIST have invited NIDL to lead an effort to develop

standardized measurement procedures for flat panel displays (FPDs). The VESA FPD Measurements Working Group accepted NIDL's approach to enable users to choose measurements that are most critical to their particular display application and to leverage existing CRT monitor measurement procedures, including the VESA standard— Display Specifications and Test Procedures Version 1.0, Rev. 1.0 (DSTP1) and NIDL's monitor measurement procedures.

GEM— The Generalized Emulation of Microcircuits (GEM) program focuses

on the replacement of obsolete military microcircuits with new ICs based on current commercial technology. The GEM part emulates the form, fit, and function of the original part so that parts that have gone out of 
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production and are no longer obtainable in their original form can now be maintained in working order without costly redesign. For example, Sarnoff is currently supporting the APG63 radar on the Air Force F-15s, the PRC-70 radio for the Army, and the AEGIS radar system for the Navy. This program is a partnership between Sarnoff and its parent corporation, SRI International.

Infrared Imager Sensors—Infrared silicon imagers are utilized in night vision 

surveillance, medical imaging, energy conservation, circuit board inspection and industrial instrumentation and measurement systems. Sarnoff's platinum silicide-based technology offers high sensitivity (down to 0.05° C), full TV resolution 640 x 480 MOS arrays with electronic exposure control that extends the system's dynamic range to more than 1,000,000:1. The imager operates full frame at 30 frames per second and provides subframe imaging to operate an 80 x 80 subframe at 1,000 frames per second. It Is Ideally suited for missile and tracking systems.


LTCC M Technology for Multichip Modules (MCMs)—An MCM



system has been developed based on a Copper/Molybdenum/ Copper



clad metal laminate called Low Temperature Co-fired Ceramic on

Metal (LTCC-M). This low expansion, high thermal conductivity



core allows direct mounting of high power silicon or GaAs bare die,



while allowing the designer flexibility in thermal management



design. The combination of a low loss ceramic at microwave



frequencies and a high conductivity metal core makes LTCC-M a



natural choice for substrates and packages for advanced



communication systems and mobile computing. LTCC-M allows the



fabrication of substrates and packages having integrated components



such as filters, voltage dividers, and impedance matching networks.



The integration of passive components into mixed signal substrates is



expected to greatly reduce the size of these modules, leading to more



compact product designs having more features than is possible with



current packaging and interconnect technology.


MEMS— Sarnoff is developing Microelectromechanical Systems



(MEMS) that use the low-cost materials and mass fabrication

Use or disclosure of data contained on

this sheet is subject to the restriction on

the title page of this proposal.

NTA—Creating Systems Solutions for NIMA            

Section 5.0 Why Sarnoff as NTA Host


methods of the IC industry to create operational miniature devices



with cantilevers, gears, valves and membranes to control and move



atoms, gases and liquids at the micron level, spawning revolutionary



new electromechanical devices. MEMS devices have the potential

for multiple low-cost applications of importance to the US Govern-ment, such as unattended sensors, bioinformatics for biological and



chemical identification, data storage, and weapons systems.


MEMS Printers—Electronic Ink Modulation IEIM) print system,



currently under development at Sarnoff, is a revolutionary new hard



copy technology for providing high quality, on-demand prints from



digital images.  These printers will ultimately be capable of printing 



an entire image at one time, with few or no moving parts. Enabled



by Sarnoff's massively parallel microfluidic networks, the system is



intrinsically thin, lightweight, and low power. Applications include

consumer personal digital printing where size, weight, and portability are desired.


HEIR Microtomography and Radiography—Sarnoff, in partnership with 

Exxon, has developed a beamline at Brookhaven that allows 3-D analysis and visualization of micron-sized devices.  The unique high speed camera and massive visualization computer the Princeton Engine can enable real-

time visualization of fluid flow through the devices.

New Drug Discovery— Sarnoff, along with its big technology partners, is

developing the leading ultra high-throughput synthesis and screening instrumentation for discovery and development of pharmaceuticals and chemicals. It is based on Sarnoff's new electronic silicon microchip. Currently, it can take more than a dozen years and several hundred millions of dollars to get a new drug from the lab to the pharmacy. Sarnoff's technologies save pharmaceutical companies years and millions of dollars in discovering a new drug, enabling them to create more specific drugs with a greater chance of success in clinical trials. Tens of thousands of drug candidates will be synthesized and screened for activity in a single day, based on combinatorial chemistry. It will be the world's smallest new drug discovery lab.
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Project VIEWS—At the urgent request of the DoD, NIDL undertook 

the rapid development of a system for use in Bosnia operations that would construct extended panoramic mosaics from videotapes and print them to produce panoramic views of the scene of arbitrary length. The entire VEWS (Video Imagery Exploitation Work-station Software) system was integrated and demonstrated to a user within a week. Subsequently, more than ten systems were installed, and personnel trained in its usage. The systems are being used in conjunction with UAV video exploitation.

Silicon on insulators (SOI)—Sarnoff is the recognized world leader in the

of the silicon-sapphire (SOS) SOI materials system. This technology is widely used in the industry for the preparation of enhanced radiation

hardened SOS, and for customized procedures for quality control of the material. Sarnoff has transferred this technology to a domestic supplier, Union Carbide Corporation, and serves as a second source for SOS wafers. This guarantees the domestic supply of a strategically critical material. Integrated circuits processed in thin films (~0.4 ~m) of single-

crystal silicon insulators provide a number of performance advantages: radiation hardness, high-speed, and low dynamic power consumption. To date, SOI-based circuits have been employed almost exclusively for radiation hardness in civilian and military satellite electronics. Now SOI is being used in the commercial sector for other applications, such as low-

power electronics. Under government sponsorship, Sarnoff's expertise has been applied to other emerging SOI material systems: separation by ion- implantation (SIMOX) and bonded silicon. This expertise is also now being applied to commercial electronic systems.
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Sarnoff's broad business base gives us a unique "high ground" per-



spective on emerging technologies. Sarnoff participates in the inven-



tion and development of hundreds of solutions for hundreds of 



companies. We work with trail-blazers, setting industry trends and 



standards. We serve all major technology industries, and so is a unique 
resource to develop products that are at the convergence of these 



technologies.


Sarnoff brings the unique combination of broad commercial 



experience and broad government experience. It is only with both of 



these strengths that the NTA host can forge a bridge between


government and industry.


Sarnoff is organized into multiple technology laboratories. Program 



teams are drawn from individuals in the laboratories and from partners

 
to ensure that clients are getting the needed mix of knowledge, 



experience and skills required to understand the problem, and advance

 
a particular solution. The research and development activities are 



divided into five primary areas of technology: Information 



Technologies, Electronic and Biomedical Systems, High Definition & 



MultiMedia Systems, Integrated Circuit Technologies, and Solid 



State. Please refer to the fold-out for a sample of Sarnoff solutions.
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