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» Introduction

to the

David Sarnoff Research Center

Sarnoff

AA1

The David Sarnoff Research Center

Sarnoff
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The David Sarnoff Research Center

Jim Carnes
President
Curt Carlson Miles Libbey Jim Clingham
Information Systems —— Business Development = Legal
Research Division

Carmen Catanese Dave Warnock

Electronic & Product Systems je—— _— Finance
Research Division
Mike Ettenberg Jerry Janssen

Solid State Division e — Human Resources and

Facilities Management

Sarnoff
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Information Systems

3¢ - ACTV
a4 « All-Digital HDTV

 Image Compression
» Image Simulators

Imaging and Video

Intelligent
Systems

Displays

« Supercomputing

*« CRTs - Workstations
« LCDs Communications « Scientific Computing
«EL « Data Visualization

- Light Valves + Object Recognition

) « Human Perception
« Satellites

» Fiber
» Terrestrial
 Computers and Networks

Sarnoff
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» Lasers

« Fiber Optics
» Optical Recording
» Imagers
* Photodetectors

Solid State

: ,_ '||:‘|‘|‘|'|"‘;..

Optoelectronics Microwave

» Power Amplifiers

« Sensors

* Receivers

* MIMICs/OEICs

» Superconducting Filters
+ CAD/CAM

Integrated Circuits

» Sub-Micron
» Rad hard

» Analog-Digital
* GaAs on Sil

» Smart Sensors
» Smart Power

Sarnoff

AAS

« SOS

» Ceramics

« Diamonds

* Luminescence
» Superconductivity
* Analysis

« Characterization

Materials and Manufacturing

Systems &
Processes

* Display Systems

» Display Manufacturing
* Integrated Process

& Control

- Al

— Vision

— System Modelling

Materials

Automation

» Electromechanical
» Manufacturing Equipment
» Electronic Packaging

* Prototypes

Sarnoff
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Pioneering Contributions

1943 Image Orthicon Camera Tube 1975 CMOS Microprocessor
1946 All-Electronic Color TV System 1976  All-Electronic TV Tuning System
1949 Magnetic Core Memory 1976  Just-Noticeable Difference Analysis
1949 Vidicon Camera Tube 1977  Silicon-on-Sapphire ICs
1950 Shadow Mask Color Picture Tube 1977  Amorphous Silicon Solar Cells
1953 Transistor Complementary Symmetry 1977  CCD Comb Fiiter

Principle 1982 Laser Diode Optical Recording
1953 Magnetic Tape Recording 1982  Coty-29 Picture Tube System

(B&W and Color) 1982 GaAs FET Microwave Amps (SSPAs)
1954 Electrofax 1982 Pyramid-Based Image Processing
1955 Alloy-Junction Drift Transistor 1984 CCD Broadcast Camera
1956 Transistor Temperature Compensation 1986  Grating Surface Emitting Laser
1963 Metal Oxide Semiconductor (MOS) 1986  Stereo Broadcast Television
1964 CMOS 1987 DVI Technology
1966 Vapor-Phase-Growth for Gallium 1987 ACTV System

Arsenide 1988  Princeton Engine
1968 Liquid Crystal Display Technology 1989  Superconducting Microwave Filter
1968 Heterojunction AlGaAs Laser 1990 High-Power Laser-Activated Switch
1968 Negative Electron Affinity Emitters 1991  All Digital HDTV: ADTV
1974 CCD Image Sensor 1991 DARPA DMD HDTV Projector
1974 ColorTrak TV Receiver 1992 DARPA High Res Workstation

Sarnoff
AA7

The Information Explosion

... approximately 90% of all knowledge was generated in the
past 35 years: It will double again in the next 10 - 15 years ...

Knowledge
e e————CHENNEEEEE L Time
10,000 BC 2000AD

YEAR
Source D.B. Merrifield: U.S. Department of Commerce

Sarnoff —
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The Importance of Images

... one of the keys for managing the information explosion ...

< Our most important sense
- 109 bits/sec for vision
- 10° bits/sec for hearing
« Often the best (only) means of analyzing complex data
+ Images are “interesting”” and “compelling”
* But
- Resolution must match the eye
- Moving images contain 10-100 times more information
« Requires
- Communication rates that match the human visual system
- Computer power that rivals the human brain

Sarnoff
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Office Environment of the Late 199(°s

... the office will heavily exploit imaging technology ...

“5

High-Deﬁnition

High-Definition
BRI Video Input

High-Definition
Laser Printer

0030 S

Ko fpa VN 3 TR
Mass S . &
ass lomge th I Medi
Optical Disc,VCR ® e ST Seé ;‘:EQHDT.:/
Communications DVI, FAX
ISDN & LANs

Sarnoff
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HDTV

... the key is extremely high-performance image compression ...

Sarnoff

AA11

High-Resolution Video Workstations

... will have multiple video and graphics windows ...

+*, . Live-"Situation™

Sarnoff
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Virtual Reality

... creating real-time, high-resolution, 3D synthetic environments ...

Collaborative Workplace

Sarnoff —
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Display Technologies

.. large, uniform, high-resolution, bright displays ...

Sarnoff
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What's the Difference? - Not Much

... future displays will include massively parallel
computation capabilities ...

RCA 1802 Microprocessor Sarnoff's 6" x 8" LCD Display
(5 um IC Technology) (5 um IC Technology)

CMOS Microprocessor Si LCD Driving Circuitry

on Si (circa 1972) on Glass (circa 1991)
Sarnoff

AA1S

David Sarnoff Research Center

... leveraging government and commercial resources to develop COTS solutions ...

CcoTS

GOVERNMENT SOLUTIONS

NEEDS
COMMERCIAL
INDUSTRY

Sarnoff
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The National Laboratory Concept

=N

BB1

Introduction

< National Technical Centers of Excellence

- New business model for R & D
- Serving IC and its industrial base

< National Media Laboratory (Since 1989)
- Media and Recording Systems
- Hosted by 3M
- Director: Dr. William Mularie
+ National Information Display Laboratory (Since 1990)
- Softcopy and Display Technologies
- Hosted by David Sarnoff Research Center
- Director: Dr. Curtis Carison

* Sponsored by:

- Government Partners
- Combined with leveraged investment from Industry

-

BB2




Government Information Needs é

... rapidly exploiting and disseminating all critical information ...

A pata - @
-/ é? S

Resources
NN\ 7
=
« Rapidly changing roles and responsibilities

 Increasingly diverse users
 Increasing data types

Time

BB3

System Data Flow é

... putting the User in control ...

) 3 : L
Ye — —
Collecuon =X r_[ EERE S X
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The Center of Excellence Concept

... focusing the resources of Industry onto User's needs ...

Meadia
Recording
Systems

| Information
Display

Government Users Centers of Excellence Industry
= Users & Developers * Focus » Commercial
of Technology Manufacturers
. v o
- Program Offices Leverage « R&D Centers
- R&D Groups « Standards
« Core technologies, + System Developers
essenual to success + Continuity _
of program » Universities

* User Support —

National Laboratories

... Centers of Excellence ...

« User Support:
Operational Site Support
Evaluation
Quality Control

‘National

Laboratories *REts

Techologies and Systems
Advanced Tools and Process

» Techology Transfer/
Commercialization

: Technology Base:
Government, Industry, and Universities

D AW AR i “ oo oo . S S

BB6
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“Distributed” Laboratories

... combining resources of Government, Industry and Academia ...

National
Laboratories

Universities

BB7

National Laboratories

.. a new business model to address Government and Industry needs ...

« Government Needs
- Reduced program cost
- Sustained user support
- Increased quality of product
- Faster development of standards
- Improved interoperability, interconnectability
- Advancement and promotion of critical technologies

- Broad insertion of COTS technology

BB8
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... a new business model to address Government and Industry needs ...

National Laboratories

« U.S. Industry Needs

Access to Government requirements

Development of industry standards

Cost sharing in developing base technologies

Promotion of exchange of technology across industry

Improvement of US global competitiveness

BB9
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Selecting a Technology

+ Broad critical government application/need
» Large industry and commercial base

* Government requirements ahead of commercial
product performance

+ Emphasis on new science

' BB10



Selecting a Lab Host

Broad resource base

Industry leader (capital invested, record of quality,
projected IR&D, manufacturing technology)

Management philosophy - independent, innovative
Pro-active team leader
National and/or world recognition of excellence

Government and commercial base established

BB11

-

« Common technology interest (current or planned)

Partner

« Joint investment (dollars or resources)

» Help establish government requirements
< Part “ownership”

« Part control

« Long term relationship

BB12




User

« Government or industry

« Common technology interest

« Application level of technological research
< Base for OPS analysis

« Requirement source

« Test and evaluation participation

BB13

=N

National Lab Business Strategy

... developing programs with overwhelming value ...

+ Work with users to determine needs
« Begin ‘“seed” program
* Seek partners with world leading capabilities
- Government, Industry and Universities
« Develop programs that provide:
- User satisfaction
- State-of-the-art or revolutionary improvements

- Path to commercialization

BB14




Unique Government Assets é

... maximizing ROI and ROA for the benefit of the government...

« Continuously-interactive user involvement

» Leading-edge and paradigm-shifting research
» Fair and equitable expert advice

» Proactive, open communications

» Consolidation and leveraging of core resources
with strategically aligned partners

» Aggressive commercialization

BB15




INTRODUCTION

to the

National Information Display Laboratory

Dr. Curtis R. Carlson
Director, NIDL

CcC1

“The ability of the United States to acquire and effectively
use information, while denying accurate information to
adversaries, can help compensate for planned reductions
in U.S. force structure and forward deployed assets ...”

Department of Defense
Critical Technologies Plan
1 May 1991

cec2
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The User’s Softcopy Environment

.. putting the User in control ...
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National Information Display Laboratory
.. a Center of Excellence for Softcopy technology ...

NIDL

User Support

Technology
Development

~.

Industry and Universities \

CCa




User Support

... President’s teleprompter:
timely response to a user’s need ...

Sunlight
Mirror u;: -
__7_; — = Viewer
7/ |
, NIDL
Improved
Monitor Stand P
/ gtud
Light Shroud
cCs

User Support

... providing Navy support for the Copernicus program ...

“We began our work together last fall and since then both labs have provided
valuable services including user support at operational sites, pre-procurement
consulting on large system acquisitions, and some very compelling advanced
technology research. The Navy has realized substantial cost savings, as well as
improved operational performance as a direct result of these labs.”

Vice Admiral Jerry O. Tuttle, U.S. Navy

CCs




... helping put Users in control of their environments ...

Augment Users:

Visualize Data:

Leverage Knowledge:

Control of Environments:

Reduce Cost:

NIDL Themes é

Develop powerful tools that augment, not replace, the User
Exploit the User's most powerful sense: Vision

Leverage User's knowledge and skill through software
tools that complement their visual paradigms

Provide interactive, real-time tools to provide control

Accelerate available COTS systems and technology

cc7

Strategic Technologies
... focus of NIDL Softcopy Tools & Technology ...

Pyramid Processing

__

Neural Network Architecture

Parallel Supercomputing

CC7a




Strategic Technologies
... focus of NIDL Softcopy Tools & Technology ...

Neural Network Processing

« Neural Network Tools and Applications
* Real-time Training
 Signals from Noise

/\

/NIDL\
AR

Pyramid Processing Parallel Super Computing

+ Change Detection » Massively Parallel Production
« Keys & Guides: Interactive Search Front End

< Efficient Multispectral Data Access « Algorithm Understanding Lab
= Analysis & Visualization of < Realistic Rendering

Collateral Data
< Interactive Performance Visualization

Cccs

Strategic Technologies
... focus of NIDL Display Technology ...

Display Systems Simulation ‘ Integrated Circuit Technology

CCs




Strategic Technologies

... focus of NIDL Display Technology ...
Display Systems
» High-Resolution High-Brightness CRT Monitor
+ Tiling for Wall-sized Flat Displays

Display Evaluation & Certification
Softcopy Quality Control

Display Systems Simulation Integrated Circuit Technology
« Display System Simulator « LCD

« Visual Modeling « EL

« LCD/EL/CRT/Tiling/Paper-like - Paper-like Displays

« Display Evaluation & Certification

CC9a

Technology

... working closely with an NIDL Partner to develop a new
high-brightness, high-resolution CRT monitor ...

Resolulion dicgaplacis

Electron Gun

CcC10




Algorithm Understanding Laboratory

.. interactively visualizing the development
of new algorithms and systems ..

Visualization

CC11

Workstation

Broadcast:
NTSC, PAL, ...
; = = (@"_‘1’
o Lossless — _,a:/f; //—>// Eq.?h .
éé%l.?gt's Transmission: — =l 0~ = n:‘// kenage Renienng:
' " JPEG,DPCM..  Processing =2 PIK.
. — PICT,
Recording: DI, VHS, ... Renderman, ..
i e Displays:
Evaluation: CCIR Rec. 500, ... Compression: JPEG, MPEG. ... CGE\. EGA. VGA.
AFax. Ethernet, LAN's, SONET, B-ISDN o
- Networks o

The World of Imaging Standards

... Standards are needed wherever image data is used ...
DN

o

Archiving and Image Management Systems: PACS, IMACS

Workstation

CC12




« Government
- IPWG
- NASA
- JNIDS
- NEL
- DNI
- DARPA

w1y

e e
-t . o
e
-
e
\ > b:
AT
C3

_

Communications
... reaching out to both the Government and Industry ...
* Industry
ORD - Int’l. Display Conference Keynote |
OSTP - SID Plenary Presentation |
FAA - SID Standards activities ‘
IRDC - SID Display Booth
DCA staff - JTEC
Navy Op 94 - Many other individual companies

CC13

NIDL Organization

NIDL
Dr. Curtis R. Carlson
Executive Director

L

1

+ User Support

Display Technology Softcopy Tools & _
Dr. Arthur H. Firester Technology Partners and Associates
Director Dr. Norman D. Winarsky Program
Director
- Advanced Displays - Image & Signal - Government
Processing Organizations
- Display Modeling
- Man-Machine Interface « Commercial

Organizations
« User Support

« Universities

- Research Institutions




Partners and Users

Government Partners and Users
- Air Force

- Navy OP 94

- USGS

- JNIDS

- OSTP

- NEL

1990 1991 1992
Industry & Academia Partners
- Princeton University

- MIT
- Texas Tech
- Planar
- RCA/TCE
- DTI -AVP/MegaScan
1990 1991 1992
cci1s
Conclusions

... a new model for Government/Industry collaboration ...
NIDL is a Center of Excellence in Softcopy Technology

Goal: develop bold new way to satisfy the needs of
Government Users through both:

- Aggressive User support

- Advanced technology

Focus key softcopy and display technology on the
interface to Users, to make them much more productive

NIDL is a “Distributed Laboratory’ with
world-leading partners

\

For additional information, call NIDL at 609-951-0150

CC16




Softcopy Technology and User Support

Dr. Norman D. Winarsky
Director, Softcopy Technology

EE1]

The Analyst’s Softcopy Environment

... putting the Analyst in control ...

=N
N F ; 3
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g a LR Compuung
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Processing Distnbuuon

EE2




Information Flow

... maximizing return on collection resources ...

Analysis

Collection

Processing

Communication

EE3

Information Flow Issues

.. fundamental to making softcopy practical for the user ...

Information Search
- Finding the needle in a haystack
- Computationally efficient approaches

Algorithm Development
- Proliferation
- Prototyping

* Communications
- Bandwidth
- Smart interactive compression

Parallel Computing

- Computer power that rivals the human brain
at reasonable cost

- Real-time desktop image processor

Virtual Reality

EE4




Computing in the 1990s

... emergence of a new power trend ...
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- Algonithm Understanding Laboratory

- Data Central Archival Facility

NIDL Softcopy Technology Programs

User Support &
Commercialization

Softcopy User Support Applied Research &

NTCS-A LAN Development
Air Force - Collateral Data Analysis & Visualization
Navy - Interactive Performance Visualization Advanced Research &
NEL - Keys & Guides: Interactive Search Development
USGS - Visual Modeling
Princeton - Massively Parallel Production Front-end
Texas Tech . for Remote Sensing - Neural Network Tools and Applications
%ggml Dynamics . Efficient Multispectral Data Access - Fast Model-based Volume Rendering
Michigan = Air Force * Iterated Systems * ChangeDifestian
Phoenix - USMC » Silicon Graphics * AirForce
+ JNIDS * Greenville . USGS
- CIA - TCE « BAHBL
* ORD * SRI + US Park Service
* NEL « Princeton
» USGS « TCE
*« NASA
* DARPA
« MIT

EE6




User Support

... Supporting the user and providing a foundation
for new technology development ...

White House

Communications Agency Sunlight Teleprompter

Air Force Data visualization for collection
resource management

Air Force Commercial technology assessment

USGS EROS Data Center Investigate data access, compression,
and visualization

DSPO Diagnostic testing analysis

Navy Copernicus Architecture
Technology Program

Navy FIST printer improvement

EE7

Image Search

... finding critical data scattered in time, space,
and multiple spectral dimensions ...

~> > >
Q{v/’» Q‘ \':‘1\/;
ff\i)l.' [;" 2 fﬁgnv 3 Tape Archive
TERABYTES
Landsat per day
- 42MB per band 1 to 10 hours
- 294 MB per data set / days to weeks

\“S;)) -

EES8




Why is it a Problem?

.. it can be computationally costly ...

N=10

« For translation, rotatloln and scale: computatlonal
cost on the order of 10 (proportional to N2M#*)

« Conclusion: need a very computationally
efficient approach

EE9

Achieving Computational Efficiency

.. pyramid representation -- a necessary ingredient for success ...

+ Search efficiency

- Work at the lowest resolution
possible

- Restrict areas of search

- Match simple image features

* Provides computer savings of two

orders of magnitude per pyramid level

Content Based Search:
1




Softcopy Keys & Guides

... increasing the scope and power of what

can be done with images ...

i File Edit View R e

T (R e SRS
ratee | ViCEO=-IAypermedia
Lm-‘ 4L

Fina Sound ,'i :

EEl1

Softcopy Keys & Guides

... increasing the scope and power of what
can be done with signals ...

1 A 7
. Fille Edit View |JSLELSY
; el

FircCbject
Firc Text

B Find Signal
Firc dicture -
Fine Souna

EE12




Sensor Fusion A

... gaining maximal information from all sensors ...

Multiresolution approach:
* Preserve essential image information
* Interactively select important structure
* Automatically select salient structure from each image

Visible Image Infrared Image

Automatically

Fused Image
EE13

Moving Target Detection A

... using pyramid processing to pull targets from clutter ...

g T s o i S T S e SO
; ez e e b R s
%;?: h : Fﬁ“
ol . W w5 e
. e 2L L,
O e e

e, ST A Wb} S Tt

* Timescale of few seconds
* Small objects, highly localized (few pixels)
* Registration needed

* Limited variation in illumination and other factors
EE14




Deforestation Studies

... Brazilian Rainforest ...

Landsat MSS Image Landsat MSS Image
June 19, 1975 August 1, 1986

* Timescale of years
» Changes somewhat localized
« Registration needed

« Other changes significant--e.g., illumination, ground cover
EE15

Algorithm Understanding Laboratory

... interactively visualizing the development
of new algorithms and systems ...

Visualization

EEl6




Multispectral

... Sponsors use it ...

Original Image Terrain Characterized Image

Interactivity aids algorithm understanding

EE17

SAR

... contractors use it ...

b

S5y

o
-

Feature 2 Feature 3

Visualization aids algorithm understanding Ceis




Neural Networks

.. we use it ...

Computational power aids algorithm understanding

EE19

Paradigm Breaking Compression Schemes
.... compression ratios of over 100 to 1 ...
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Desktop Supercomputer

... putting the needed processing power
at the user’s fingertips ...

» Massively parallel accelerator board

For COTS workstations

Up to 300 to 1 acceleration

UNIX, C, Fortran 90

Applying massively parallel computer technology,
available submicron IC's, and multichip module packaging

to provide a cost effective, 3200 MIPS, accelerator.
EE21

Data Analysis and Visualization _

... presenting complex information to the user’s
most powerful sense: vision ...
Pty R S RN R ke e v

TR v S oL S 8 e e AV R 0 o
£z S ReaNN SR 23S SR AR AR g ORI

R

-
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Parallel Terrain Rendering

... future directions in realistic scene rendering ...

EE23

9
\

Virtual Reality

... Immersing the user in information ...

I..

: ' Terabytes of Teraops of Mission
PP A \I\ Image Data & Processing
Global Scope to \I\
Data Acquisition s
" Sk 5

S

NN

i
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Softcopy Keys & Guides

... providing leverage with government, industry
and academic partnerships ...

USGS

Infobases
Silicon
Graphics
~—— Work

Stations

Department
of Commerce

Infobases

Future
Partners

Princeton
University

Iterated
Systems

Fractals

EE24a

JNIDS/NIDL IMPRINT —

... an IMagery PRototyping INiTiative ...

« JNIDS Charter

- Accelerate, extend and deepen the intelligence analyst's
cognitive abilities through rapid application of advanced
technology

+ USMC 2nd FIIU Mission

- Derive intelligence information from aerial imagery
produced from thermal infra-red (IR) sensors, side
looking airborne radar (SLAR), and conventional
photography

« Fundamental User Need
- Assistance in the process of exploiting aerial imagery

EE25




Summary

... the model is working ...

* Softcopy technology is undergoing simultaneous
evolution and revolution

« NIDL technology and user support programs are in
place to address government user needs of today and
the future

» NIDL continuously seeks additional users and
partners to steer and implement these programs

EE26




( IMIPIRINT

IMAGERY PROTOTYPE
INITIATIVE

o

“CREATE THE NEXT GENERATION
OF IMAGERY TOOLS... TODAY"

Axrizr



« Fully funded cooperative effort
. .between NIDL & JNIDS

« Approved by MIB as FY92
initiative

« Operational testbed at 2nd FIIU

g

. PHASE 0: COMPLETE
- PHASE 1: UNDERWAY
. 1ST DELIVERY: JUNE 92

g




Display Technology and User Support

Arthur H. Firester
Director, Display Technology

DD1

_

The Analyst’s Softcopy Environment

... putting the Analyst in control ...

Compuung

A/:clcr.ums =

Keys and Guides




The Display )

... the last link in the information chain
to the Analyst ...

Analysis

Collection Processing

Communication

DD3

Advanced Displays A

... breadth of user needs drives a multiplicity of
display technologies ...

A, il S e Modular Flat Displays
/4
Virtual Reality -

DD4




Size (dlagonal Inches)

Technology Trends

... medium size CRTs will remain dominant
for at least 10 more years ...

1: : ,&% SO
. =
=

1970 1975 1980 1985 1990 1995 2000 2005 2010

Year of Product Introduction
DDS

Display Issues

... differing display needs drive simultaneous
development of many display technologies ...

~ ™
CRT _
« Resolution vs. Brightness vs. Color
\_  compromise driven by basic physics

J
(LCD —\
« Manufacturability

» Size and resolution
+ System Reliability/Integration

(EL
» Color
\_ ° Brightness

« Invisible Seams
Electronic Paper
« Basic electrically addressed display phenomena
« Reflected brightness and angular viewability

O NIDL

Yellow

Vi
+ Resolution matched to human eye
« Display goggles

DD6




NIDL Display Programs

... a technology spectrum supporting user’s
current and future needs ...

User Support

- Display Evaluation & Certification

- Standards lied R h
- Softcopy Quality Control Applied Researc
- User Support & Development
* NEL Hi Brigh ‘
- ghtness CRT Monitor
i &Sh(,;s H - Display System Simulator Advanced Research
* xrlile House - Modular Displa
Communications . LCODMDi:plal;Z 7 & Development
Agency
* Air Force «NEL - Resolution Enhanced LCD
« USGS - EL and Paper-like Displays
* AYP/Megascan - Virtual Reality
* Army - Ft. Monmouth
+ RCA/TCE *NEL
+« DARPA + Planar Systems, Inc.
+DTI
« Army - Ft. Monmouth
+ = Partners * DARPA

DD7

Display Evaluation and Certification

... helping the government user make
the right monitor selection ...

Measurement

Measurement
Laboratory

Procedures

Task Dependent Reports

Evaluations

DDs8




Display Measurement Standards

... to enable leveraging of technology, markets, and
to broaden involvement ...

« Version 1.0 and 2.0
disseminated to users, Dty s |
manufacturers, and
technical communities

« Version 3.0 in preparation
for review by SID-EIA

Measurement
Procedures

DD9

Softcopy Quality Control

. on-site display performance evaluation to ensure
user-specific softcopy quality control ...

Display Evaluation
& Certification

Display
Quality

User Test Hardware | Dplay Simlato

DD10




User Support é

... timely response to user needs ...

Monitor Stand

and
i A/Light Shroud

DD11

High Brightness, High Resolution
CRT Monitor

... high brightness, uniform resolution, large screen COTS
monitors are needed but not available ...
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Display System Simulation

.. Simulation enables rapid display system specification
and eliminates extensive, costly, slow prototyping ...

Data Flow Design Paradigm

DD13

Human Visual Modeling

... using a model of the human mind to
help design new imaging systems ...

Simulated Images Non-oriented Discriminability Maps
DD14




Modular Displays

... wall displays built cost effectively by seamless
tiling of individual units ...

« Determine psychophysical
requirements for invisible seams

+ Evaluate tiling concepts through
modeling and simulation

14-inch diagonal
1024 x 768 pixels
0.28 mm/pixel

Evaluate and prioritize technologies

Develop approach satisfying
requirements

DD15

Active Matrix LCDs

... active matrix liquid crystal displays are
becoming the dominant display technology ...

Applications
Technology

Availability

DD16




_

Resolution Enhanced LCDs

.. multiplying resolution without reducing production yields ...

Dimension Technologies Inc.

« Demonstrate 4X enhanced
resolution through subpixel
sequential illumination

« Explore engineering issues

« January ’92 contract start

— ILLUMINATION —p~

DD17
What's the Difference? - Not Much
... future displays will include massively parallel
computation capabilities ...
RCA 1802 Microprocessor Sarnoff's 6" x 8" LCD Display

(5 um IC Technology) (5 um IC Technology)

|

|

CMOS-MI.CFOPI‘OCCSSOF Si LCD Driving Circuitry
on Si (circa 1972) on Glass (circa 1991)

DD18
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Color EL Display Development )

... lack of an efficient blue phosphor is
technology bottleneck ...

o _—
B
R
w !l
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1987 1988 1989 1990 1991

QeOe( Qe e
20009 02O
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A full partnership program with Planar Systems, Inc.

DD19

Virtual Reality —

... head-mounted displays demonstrate the most
promise for near-term development ...

* Active Matrix LCD
- 1500 lines/inch
- integrated drivers
- full color now

« Active Matrix EL
- 1000 lines/inch
- integrated drivers
- full color soon
- fully solid state

* Deformable Mirror Device
- 1500 lines/inch
- integrated drivers
- full color now
- very accurate grayscale

DD1%a




Summary

- Display technology is undergoing simultaneous
evolution and revolution

« NIDL technology and user support programs are
in place to address government user needs of
today and the future

« NIDL continuously seeks additional and partners
to steer and implement these programs

DD20




Future Directions

FF1

The World of Softcopy Today

... providing the user with initial softcopy tools ...

Comouting =5 e —~
ey Accelerators = Qa\ Keys ana Guides
Collection Ess= =57 _ = catabase
i - )
Processing \
e, Distribution .
£ 2

Recerts and e
Irfermatier 57 °
-

Decision -
Makers

o - . ' ’ X
T T TS > A >  Operational -y
RTHI L ER N ———> ' i
~— =5 ‘_'._514 &'

FF2




The World of Softcopy Tomorrow

... giving users control of their environment ...

Computing
Accelerators
P

Keys and Guides
aatabase

Reports ang = -/’
Information ~

g IS E&m—“—ﬁ
. ». ‘-'—"?
SERE[RINRIRER N | — N‘P —_— ODEJ:,[('S"EH
TOUOLOLpITiOTaT Y . AL
T - SNty
Sexxzzel’ o=y

FF3

Medical Softcopy Environment

... emerging opportunities to leverage other industries ...

X-Ray

PET Computing @ ference Im:
X Accelerators _ ‘
NMR =

Collection & Processing

Dvstrmutlo\L . LA <

AN

T
Consulting g / 7 =
Physicians =2y  Radiologists

Reports and
Information %

/ Other hospitals

Surgeons —_— — Radiology centers
Battlefield hospitals FFa




AN
Next Steps

... the National Laboratories are established and ready to help ...

“‘3:};2.'.. F ™

1988 1989 1990 1991 1992

FF5




National
I.aboratories

House Permanent Select
Committee on Intelligence

(HPSCI)

February 10, 1992



Introduction

to the

David Sarnoff Research Center

Sarnoff

AA1

The David Sarnoff Research Center

e 8 D X A

Sarnoff

AA2




The David Sarnoff Research Center

Jim Carnes
President
Curt Carlson Miles Libbey Jim Clingham
Information Systems —l Business Development = Legal
Research Division
Carmen Catanese Dave Warnock
Electronic & Product Systems f=—— prose Finance
Research Division
Mike Ettenberg Jerry Janssen
Solid State Division - = Human Resources and
Facilities Management

Sarnoff

AA3

Information Systems

2 « ACTV

3 « All-Digital HDTV
 Image Compression
« Image Simulators

Imaging and Video

Intelligent
Systems

Displays

« Supercomputing

« CRTs « Workstations
® LCDS Communications L SCientifiC Compu[ing
«EL » Data Visualization

« Light Valves

« Satellites
« Fiber

» Terrestrial

« Computers and Networks

Sarnoff

* Object Recognition
« Human Perception

AA4




Solid State
UUULE
' 1ncw
Optoelectronics Microwave
« Lasers * Power Amplifiers
» Fiber Optics « Sensors
« Optical Recording * Receivers
 Imagers * MIMICs/OEICs

« Photodetectors Integrated Circuits

* Superconducting Filters
+ CAD/CAM

» Sub-Micron
» Rad hard

» Analog-Digital
* GaAs on Sil

* Smart Sensors
» Smart Power

Sarnoff

AAS

Materials and Manufacturing

+ SOS Materials Systems & Display Systems

« Ceramics Processes  « Display Manufacturing
* Diamonds » Integrated Process

* Luminescence & Control

* Superconductivity - Al

e Analysis — Vision

* Characterization — System Modelling

» Electromechanical
* Manufacturing Equipment
* Electronic Packaging

* Prototypes

Sarnoff

AA6




Pioneering Contributions

1943 Image Orthicon Camera Tube 1975 CMOS Microprocessor
1946 All-Electronic Color TV System 1976  All-Electronic TV Tuning System
1949 Magnetic Core Memory 1976  Just-Noticeable Difference Analysis
1949 Vidicon Camera Tube 1977  Silicon-on-Sapphire ICs
1950 Shadow Mask Color Picture Tube 1977  Amorphous Silicon Solar Cells
1953 Transistor Complementary Symmetry 1977 CCD Comb Filter

Principle 1982  Laser Diode Optical Recording
1953 Magnetic Tape Recording 1982  Coty-29 Picture Tube System

(B&W and Color) 1982 GaAs FET Microwave Amps (SSPAs)
1954 Electrofax 1982  Pyramid-Based Image Processing
1955 Alloy-Junction Drift Transistor 1984 CCD Broadcast Camera
1956 Transistor Temperature Compensation 1986  Grating Surface Emitting Laser
1963 Metal Oxide Semiconductor (MOS) 1986  Stereo Broadcast Television
1964 CMOS 1987  DVI Technology
1966 Vapor-Phase-Growth for Gallium 1987 ACTV System

Arsenide 1988  Princeton Engine
1968 Liquid Crystal Display Technology 1989  Superconducting Microwave Filter
1968 Heterojunction AlGaAs Laser 1990 High-Power Laser-Activated Switch
1968 Negative Electron Affinity Emitters 1991  All Digital HDTV: ADTV
1974 CCD Image Sensor 1991  DARPA DMD HDTV Projector
1974 ColorTrak TV Receiver 1992 DARPA High Res Workstation

Sarnoff —
AA7
® ©
The Information Explosion
... approximately 90% of all knowledge was generated in the
past 35 years: It will double again in the next 10 - 15 years ...
Knowledge
0 Time
2000AD
10,000 BC YEAR
Source D.B. Merrifield: U.S. Department of Commerce
Sarnoff —
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The Importance of Images

... one of the keys for managing the information explosion ...

e Our most important sense
- 109 bits/sec for vision
- 10 bits/sec for hearing
Often the best (only) means of analyzing complex data
+ Images are “interesting” and “compelling”
* But
- Resolution must match the eye
- Moving images contain 10-100 times more information
« Requires
- Communication rates that match the human visual system
- Computer power that rivals the human brain

Sarnoff

AA9

Office Environment of the Late 1990’s
... the office will heavily exploit imaging technology ...

|| High-Definition

High-Definition
10-1050 Vb ¢ Video Input

1340 Mbitsy

High-Definition
Laser Printer {0 Mbis

10530 Ahs HIB ST | 5N

P K 16 1808 Vb
e =
Maas Stornge Py Py Other Image Media
Optical Disc,VCR NTSC, PAL, HDTV
Communications DVI, FAX
ISDN & LANs

Sarnoff

AA10




.. the key is extremely high-performance image compression

HDTV

Sarnoff

AA11

High-Resolution Video Workstations

... will have multiple video and graphics windows ...

Air Readiness

Live "Situation™

Sarnoff _

AA12




Virtual Reality

... Ccreating real-time, high-resolution, 3D synthetic environments ...

Expert

Collaborative Workplace

On Site

Sarnoff

AA13

Display Technologies

... large, uniform, high-resolution, bright displays ...

Sarnoff

AA14




What's the Difference? - Not Much

... future displays will include massively parallel
computation capabilities ...

RCA 1802 Microprocessor Sarnoff's 6" x 8" LCD Display

(5 um IC Technology) (5 um IC Technology)

A A

CMOS Microprocessor

M Si LCD Driving Circuitry
on Si (circa 1972) on Glass (circa 1991)

Sarnoff

AA15

David Sarnoff Research Center

... leveraging government and commercial resources to develop COTS solutions ...

‘ COTS

GOVERNMENT SOLUTIONS

COMMERCIAL
INDUSTRY

Sarnoff

AA16
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The National Laboratory Concept

=N

BB1

Introduction

e National Technical Centers of Excellence

- New business model for R & D
- Serving IC and its industrial base

< National Media Laboratory (Since 1989)
- Media and Recording Systems
- Hosted by 3M
- Director: Dr. William Mularie
e National Information Display Laboratory (Since 1990)
- Softcopy and Display Technologies
- Hosted by David Sarnoff Research Center
- Director: Dr. Curtis Carlson

* Sponsored by:

- Government Partners
- Combined with leveraged investment from Industry

=N

BB2




Government Information Needs é

... rapidly exploiting and disseminating all critical information ...

A (D
£ NS
Resources @. ‘»
N
e
« Rapidly changing roles and responsibilities

 Increasingly diverse users
« Increasing data types

Time

BB3

System Data Flow é

... putting the User in control ...
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The Center of Excellence Concept

... focusing the resources of Industry onto User's needs ...

Information
Display

Government Users Centers of Excellence Industry
¢ Users & Developers « Focus + Commercial
of Technology Manufacturers
- Program Offices * Leverage + R&D Centers
- R&D Groups « Standards
e Core technologies, + System Developers
essential to success  Continuity ' -
of program e Universities

« User Support

BBS

National Laboratories

... Centers of Excellence ...

/ Government:.

Users

« User Support:
Operational Site Support
Evaluation

, Quality Control

atiopal :
% S s * R&D:
quorgfqnes . Techologies and Systems
: Advanced Tools and Process

* Techology Transfer/
Commercialization

*" TechnologyBaser
ernment, Industry, and Universities

BB6




“Distributed’ Laboratories é

... combining resources of Government, Industry and Academia ...

National
Laboratories

Universities

BB7

National Laboratories

.. a new business model to address Government and Industry needs ...

¢ Government Needs
- Reduced program cost
- Sustained user support
- Increased quality of product
- Faster development of standards
- Improved interoperability, interconnectability
- Advancement and promotion of critical technologies

- Broad insertion of COTS technology

BB8
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... a new business model to address Government and Industry needs ...

National Laboratories

« U.S. Industry Needs

Access to Government requirements
Development of industry standards

Cost sharing in developing base technologies

Promotion of exchange of technology across industry

Improvement of US global competitiveness

=N

BB9

Selecting a Technology

Broad critical government application/need
Large industry and commercial base

Government requirements ahead of commercial
product performance

Emphasis on new science

BB10
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Selecting a Lab Host

* Broad resource base

* Industry leader (capital invested, record of quality,
projected IR&D, manufacturing technology)

« Management philosophy — independent, innovative
* Pro-active team leader
« National and/or world recognition of excellence

e Government and commercial base established

BB11

« Common technology interest (current or planned)

Partner

« Joint investment (dollars or resources)

* Help establish government requirements
« Part “ownership”

| e Part control

« Long term relationship

BB12
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User

Government or industry

Common technology interest

Application level of technological research
Base for OPS analysis

Requirement source

Test and evaluation participation

BB13

National Lab Business Strategy é

... developing programs with overwhelming value ...

« Work with users to determine needs

Begin “seed” program

Seek partners with world leading capabilities

- Government, Industry and Universities

Develop programs that provide:
- User satisfaction
- State-of-the-art or revolutionary improvements

- Path to commercialization

BB14




Unique Government Assets é

... maximizing ROI and ROA for the benefit of the government...

« Continuously-interactive user involvement

» Leading-edge and paradigm-shifting research
« Fair and equitable expert advice

« Proactive, open communications

« Consolidation and leveraging of core resources
with strategically aligned partners

« Aggressive commercialization

BB15
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INTRODUCTION

to the

National Information Display Laboratory

Dr. Curtis R. Carlson
Director, NIDL

CC1

“The ability of the United States to acquire and effectively
use information, while denying accurate information to
adversaries, can help compensate for planned reductions
in U.S. force structure and forward deployed assets ...”

Department of Defense

Critical Technologies Plan
1 May 1991

cc2




The User’s Softcopy Environment

... putting the User in control ..

kS
Collection A N\ - r.ﬁ E— :1“

Jm— ( Computing
e =)
ot z;qu,},.fi Accelerators
2 En

= m-— \,r[
Processing Distribution
/ Keys and Guides

Units

National Information Display Laboratory
.. a Center of Excellence for Softcopy technology ...

NIDL

User Support

Technology
Development

—
Industry and Universities —\

Cca




User Support

... President’s teleprompter:
timely response to a user’s need ...

Mirror

Monitor Stand

/ and
Light Shroud

[Monitor B

NIDL
Improved

CCs

User Support

... providing Navy support for the Copernicus program ...

T R
O AR
BT UL e i
AR s N

“We began our work together last fall and since then both labs have provided
valuable services including user support at operational sites, pre-procurement
consulting on large system acquisitions, and some very compelling advanced
technology research. The Navy has realized substantial cost savings, as well as
improved operational performance as a direct result of these labs.”

Vice Admiral Jerry O. Tuttle, U.S. Navy

CCsé




... helping put Users in control of their environments ...

Augment Users:

Visualize Data:

Leverage Knowledge:

Control of Environments:

Reduce Cost:

NIDL Themes é
Develop powerful tools that augment, not replace, the User

Exploit the User's most powerful sense: Vision

Leverage User's knowledge and skill through software
tools that complement their visual paradigms

Provide interactive, real-time tools to provide control

Accelerate available COTS systems and technology

cc7

Strategic Technologies
... focus of NIDL Softcopy Tools & Technology ...

Pyramid Processing

-ﬂ

Neural Network Architecture
Oriented High-  Low Pass

Parallel Supercomputing

CC7a




Strategic Technologies
... focus of NIDL Softcopy Tools & Technology ...

Neural Network Processing
« Neural Network Tools and Applications

* Real-time Training
 Signals from Noise

AN

ALDN
AR

Pyramid Processing

Change Detection
Keys & Guides: Interactive Search Front End
Efficient Multispectral Data Access
Analysis & Visualization of

Collateral Data

< Interactive Performance Visualization

¢ Realistic Rendering

Parallel Super Computing
« Massively Parallel Production

« Algorithm Understanding Lab

CCs

Strategic Technologies
... focus of NIDL Display Technology ...

Display Systems Simulation

Integrated Circuit Technology

CC9o




Display Systems Simulation

Strategic Technologies

... focus of NIDL Display Technology ...
Display Systems
Tiling for Wall-sized Flat Displays

Display Evaluation & Certification
Softcopy Quality Control

Display System Simulator « LCD

Visual Modeling - EL
LCD/EL/CRT/Tiling/Paper-like « Paper-like Displays
Display Evaluation & Certification

High-Resolution High-Brightness CRT Monitor

Integrated Circuit Technology

CC9a

Technology

... working closely with an NIDL Partner to develop a new
high-brightness, high-resolution CRT monitor ...

Existing monitors:

Resolution negapixeis)

Brightness (it-l.amberts;

Yoke Electron Gun

CcC10




Algorithm Understanding Laboratory

.. interactively visualizing the development
of new algorithms and systems ...

Visualization

A Interactivity

CC11

The World of Imaging Standards

.. Standards are needed wherever image data is used ...

' ' Broadcast: AR
A NTSC, PAL, . B8

E&?ﬁ 15

s Lossless ‘ —>' A
éé%j}:lg;a's Transmission: | i | > ” Image R;rI)dKenno
’ ' JPEG, DPCM... Processing | =24
. _ PICT,
Recording: D1, VHS, ... lRe“de"“a“v
e Displays:
Evaluation: CCIR Rec. 500, ... . Compression: JPEG, MPEG, ... CGE\., )éGA, VGA., ...

N

LFax, Ethemet, LAN's, SONET, B-ISDN _
h Networks o

Workstatlon Archiving and Image Managemem Systems: PACS,IMACS  Workstation

CC12




¢ Government
- IPWG
- NASA
- JNIDS
- NEL
- DNI
- DARPA

Communications
... reaching out to both the Government and Industry ...
e Industry
ORD - Int’l. Display Conference Keynote
OSTP - SID Plenary Presentation
FAA - SID Standards activities
IRDC - SID Display Booth
DCA staff - JTEC
Navy Op 94 - Many other individual companies

® ¥
Rl
»r
LB ]
» O
s
rr
U

_

CCi13

NIDL Organization

NIDL
Dr. Curtis R. Carlson
Executive Director

1

Display Technology
Dr. Arthur H. Firester
Director

Softcopy Tools &
Technology
Dr. Norman D. Winarsky
Director

- Advanced Displays
- Display Modeling
- User Support

- Image & Signal
Processing

- Man-Machine Interface

- User Support

1

Partners and Associates
Program

- Government
Organizations

- Commercial
Organizations

- Universities

- Research Institutions

CC14
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Partners and Users

Government Partners and Users
- Air Force

Navy OP 94

USGS

JNIDS

OSTP

NEL

1990 1991 1992
Industry & Academia Partners
- Princeton University
MIT
Texas Tech
Planar
RCA/TCE
DTI -AVP/MegaScan

1990 1991 1992

CC15

NIDL is a Center of Excellence in Softcopy Technology

Conclusions

... a new model for Government/Industry collaboration ...

Goal: develop bold new way to satisfy the needs of
Government Users through both:

- Aggressive User support

- Advanced technology

Focus key softcopy and display technology on the
interface to Users, to make them much more productive

NIDL is a “Distributed Laboratory” with
world-leading partners

For additional information, call NIDL at 609-951-0150

CC16




Softcopy Technology and User Support

~ Dr. Norman D. Winarsky
Director, Softcopy Technology

EE1

The Analyst’s Softcopy Environment

... putting the Analyst in control ...

EE2




Information Flow

... maximizing return on collection resources ...

Analysis

Collection

Processing

EE3

Information Flow Issues

.. fundamental to making softcopy practical for the user ...

¢ Information Search
- Finding the needle in a haystack
- Computationally efficient approaches

Algorithm Development
- Proliferation
- Prototyping

¢ Communications
- Bandwidth
- Smart interactive compression

Parallel Computing

- Computer power that rivals the human brain
at reasonable cost

- Real-time desktop image processor

Virtual Reality

EE4




Computing in the 1990s

... emergence of a new power trend ...

310

Hummn Epavekencein 3 Personal Com
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Cost of Hardware for Human Equivalence (1087§)

Computational Power Per Unit Cost (Bils'Second/1 9873)
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EE5
User Support &
Commercialization
- Algorithm Understanding Laboratory
- Softcopy User Support .
- Data Central Archival Facility Applied Research &
- NTCS-A LAN Development
* Air Force - Collateral Data Analysis & Visualization
* Navy - Interactive Performance Visualization Advanced Research &
* NEL - Keys & Guides: Interactive Search Development
* USGS - Visual Modeling
° ’l’;‘nnce’trt‘)n - Massively Parallel Production Front-end
exas Tech . Jor Kemots Se_nsmg - Neural Network Tools and Applications
* g(e:l;:eral Dynamics . Efficient Multispectral Data Access - Fast Model-based Volume Rendering
il . i

° ‘;:Ch'g““  Air Force * Iterated Systems Change Dasmction
¢ Fhoenix « USMC * Silicon Graphics . A}

- JNIDS + Greenville A

« CIA * TCE « DARPA

° SSE *SRI » US Park Service

o * Princeton

+ USGS « TCE

« NASA

*« DARPA

= MIT

EE6




User Support

.. supporting the user and providing a foundation
Sfor new technology development ...

White House

Communications Agency Sunlight Teleprompter

Air Force Data visualization for collection
resource management

Air Force Commercial technology assessment

USGS EROS Data Center Investigate data access, compression,
and visualization

DSPO Diagnostic testing analysis

Navy Copemicus Architecture
Technology Program

Navy FIST printer improvement

EE7

Image Search

... finding critical data scattered in time, space,
and multiple spectral dimensions ...

Landsat
- 42MB per band 1 to 10 hours

- 294 MB per data set / days to weeks
R e

Tape Archive
TERABYTES
per day

EE8




Content Based Search:

Why is it a Problem?

... it can be computationally costly ...

N=10

« For translation, rotatiollg and scale: computational
cost on the order of 10 (proportional to N2M4)

* Conclusion: need a very computationally
efficient approach
EE9

... pyramid representation -- a necessary ingredient for success ...

Achieving Computational Efficiency

* Search efficiency

- Work at the lowest resolution
possible

- Restrict areas of search

- Match simple image features

¥ i © Provides computer savings of two
orders of magnitude per pyramid level

EE10




Softcopy Keys & Guides

... Increasing the scope and power of what
can be done with images ...

e

| Video-Hypermedia |

| Find Object ;
Find Picture |
Find Sound

|
st

EE11

Softcopy Keys & Guides

... Increasing the scope and power of what
can be done with signals ...

;_Flle et vAl-e'w;}jr s By J
--:;:2::.:.:;-“1 Firc Object b ST e TR )
Finc Tex i il - & 3

e 7 1de0-Hypermedia |

I Finc dicture i

Fine Sound

EE12




Sensor Fusion

... gaining maximal information from all sensors ...

Multiresolution approach:

* Preserve essential image information
* Interactively select important structure
* Automatically select salient structure from each image

_

Visible Image Infrared Image Automatically
Fused Image

EE13

Moving Target Detection é

... using pyramid processing to pull targets from clutter ...

i i

* Timescale of few seconds

* Small objects, highly localized (few pixels)
* Registration needed

* Limited variation in illumination and other factors

EE14




Deforestation Studies

... Brazilian Rainforest ...

Landsat MSS Image Landsat MSS Image
June 19, 1975 August 1, 1986

* Timescale of years

« Changes somewhat localized

« Registration needed

« Other changes significant--e.g., illumination, ground cover

EE15

Algorithm Understanding Laboratory

... interactively visualizing the development
of new algorithms and systems ...

Visualization

EE16




Multispectral

... Sponsors use it ...

Original Image Terrain Characterized Image

Interactivity aids algorithm understanding

EE17
...onﬂ?céfs{ *‘ - y
Origia Image - eare 1
Feature 2 Fre 3
Visualization aids algorithm understanding e




Neural Networks

.. we useit...

S N 100 3 e YA 8 G AN NN B o 3 A

Computational power aids algorithm understanding

EE19

Paradigm Breaking Compression Schemes

... compression ratios of over 100 to 1 ...
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Image q Image Registration & Warping
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)

Desktop Supercomputer

... putting the needed processing power
at the user’s fingertips ...

» Massively parallel accelerator board

For COTS workstations

Up to 300 to 1 acceleration

UNIX, C, Fortran 90

Applying massively parallel computer technology,
available submicron IC's, and multichip module packaging

to provide a cost effective, 3200 MIPS, accelerator.
EE21

Data Analysis and Visualization _

... presenting complex information to the user’s
most powerful sense: vision ...

D ATt ¢ AT &5 _ “
e Lo L |- e R




Parallel Terrain Rendering

... future directions in realistic scene rendering ...

EE23

Virtual Reality

... immersing the user in information ...

-2

Global Scope to
Data Acquisition

.}V» o 5l

00 R RS RSSO

EE24
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Softcopy Keys & Guides

... providing leverage with government, industry
and academic partnerships ...

USGS

Infobases
Silicon
Graphics

Work
Stations

Department
of Commerce

Infobases

Partners

__

JNIDS

Princeton
University

IMPRINT

Iterated
Systems

Fractals

EE24a

JNIDS/NIDL IMPRINT

... an IMagery PRototyping INiTiative ...

e JNIDS Charter

- Accelerate, extend and deepen the intelligence analyst's

cognitive abilities through rapid application of advanced
technology

« USMC 2nd FIIU Mission

- Derive intelligence information from aerial imagery
produced from thermal infra-red (IR) sensors, side
looking airborne radar (SLAR), and conventional
photography

* Fundamental User Need

- Assistance in the process of exploiting aerial imagery

EE25




Summary

... the model is working ...

* Softcopy technology is undergoing simultaneous
evolution and revolution

 NIDL technology and user support programs are in

place to address government user needs of today and
the future

« NIDL continuously seeks additional users and
partners to steer and implement these programs

EE26




IMIPIRINTT

IMAGERY PROTOTYPE
INITIATIVE

IMPRINT Aﬁﬁ@?

“CREATE THE NEXT GENERATION
OF IMAGERY TOOLS... TODAY"

IMPRINT A‘fﬁw




 Approved by MIB as FY92
initiative

* Operational testbed at 2nd FIIU

7\

+ PHASE 1: UNDERWAY
ST DELIVERY: JUNE 92
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Display Technology and User Support

Arthur H. Firester
Director, Display Technology

DD1

The Analyst’s Softcopy Environment

... putting the Analyst in control ...

N

Collecion A -
LN\

L N Computing

‘/M“' wjff('(] &= Agcelerators

i N o
Processing = g

P

Distribution Keys and Guides

DD2




The Display o

... the last link in the information chain
to the Analyst ...

Analysis

Collection Processing

Communication

DD3

Advanced Displays

... breadth of user needs drives a multiplicity of
display technologies ...

. Modular Flat Displays

| Hi Brightness
4 CRT Mon_itor

/7 Lo s e Fmispiays |

DD4




Size (dlagonal Inches)

100

40 4

Technology Trends

... medium size CRTs will remain dominant

for at least 10 more years ...

Dy
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25V CRT

Cathode Ray Tubes
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Display Issues

... differing display needs drive simultaneous

development of many display technologies ...
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CRT QO NioL
* Resolution vs. Brightness vs. Color
\_  compromise driven by basic physics ) O
fl CD N
» Manufacturability
» Size and resolution
\__* System Reliability/Integration )
( EL
« Color
* Brightness

« Invisible Seams

Electronic Paper

« Basic electrically addressed display phenomena
* Reflected brightness and angular viewability
Vi I Reali

* Resolution matched to human eye

« Display goggles

Yellow
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NIDL Display Programs
hnol ] i
... @ lechnology spectrum supporting user’s
current and future needs ...
User Support
- Display Evaluation & Certification i
- Standards ied R *
- Softcopy Quality Control Applied Research ‘
- User Support & Development ‘
°NEL - Hi Brightness CRT Monitor |
s gfh(?ls o s Displag s,;;m s.',,.,,z,,';r Advanced Research ‘
. ite House . ;
Communications . fgb‘ug}:ﬁa‘ﬁmﬁ & Development
Agency

* Air Force « NEL - Resolution Enhanced LCD

« USGS - EL and Paper-like Displays

+ AVP/Megascan - Virtual Reality

* Army - Ft. Monmouth

* RCA/TCE * NEL

- DARPA * Planar Systems, Inc.

* DTI
* Army - Ft. Monmouth
« = Partners ° DARPA
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Display Evaluation and Certification

... helping the government user make
the right monitor selection ...

Measurement Measurement :
Procedures Laboratory
Task De.pendent Reports
Evaluations
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Display Measurement Standards

... to enable leveraging of technology, markets, and
to broaden involvement ...

e Version 1.0 and 2.0
disseminated to users, e
manufacturers, and
technical communities

« Version 3.0 in preparation .
for review by SID-EIA 8 e

e
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Measurement
Procedures
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Softcopy Quality Control

... on-site display performance evaluation to ensure
user-specific softcopy quality control ...

Display Evaluation
& Certification

Display
Quality
Control

User Test Software

ety o

User Test Hardware isl Simlat
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User Support é

... imely response to user needs ...

Sunlight

_ = = Viewer

Monitor Stand

/ and
Light Shroud

DD11

High Brightness, High Resolution
CRT Monitor

... high brightness, uniform resolution, large screen COTS
monitors are needed but not available ...

Existing monnore:
- o W)
- L 0 Ceter
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Display System Simulation

... Simulation enables rapid display system specification
and eliminates extensive, costly, slow prototyping ...

~
CRT
Test Model
Patterns
Signal Display
Processing Bectronics
fr——
Imagery Lo
Model
e —————

Data Flow Design Paradigm

Vision
Models
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Human Visual Modeling

... using a model of the human mind to
help design new imaging systems ...

40
30
20
10

Simulated Images Non-oriented Discriminability Maps
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Modular Displays

... wall displays built cost effectively by seamless
tiling of individual units ...

Determine psychophysical
requirements for invisible seams

Evaluate tiling concepts through
modeling and simulation

Evaluate and prioritize technologies

Develop approach satisfying
requirements

14-inch diagonal
1024 x 768 pixels
0.28 mm/pixel
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Active Matrix LCDs

... active matrix liquid crystal displays are
becoming the dominant display technology ...

Applications
Technology
Availability
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Resolution Enhanced LCDs

... multiplying resolution without reducing production yields ...

Dimension Technologies Inc.

« Demonstrate 4X enhanced
resolution through subpixel
sequential illumination

* Explore engineering issues

« January ’92 contract start

— ILLUMINATION —=-
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What's the Difference? - Not Much

... future displays will include massively parallel
computation capabilities ...

RCA 1802 Microprocessor Sarnoff's 6" x 8" LCD Display
(5 um IC Technology) (5 um IC Technology)

CMOS.Mi.croprocessor Si LCD Driving Circuitry
on Si (circa 1972) on Glass (circa 1991)
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‘ _
Color EL Display Development i

... lack of an efficient blue phosphor is

technology bottleneck ...
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A full partnership program with Planar Systems, Inc.

DD19

Virtual Reality

... head-mounted displays demonstrate the most
promise for near-term development ...

o Active Matrix LCD
- 1500 lines/inch
- integrated drivers
- full color now

e Active Matrix EL
- 1000 lines/inch
- integrated drivers
- full color soon
- fully solid state

¢ Deformable Mirror Device
- 1500 lines/inch
- integrated drivers
- full color now
- very accurate grayscale
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Summary

- Display technology is undergoing simultaneous
evolution and revolution

» NIDL technology and user support programs are
in place to address government user needs of
today and the future

« NIDL continuously seeks additional and partners
to steer and implement these programs
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Future Directions

FF1

The World of Softcopy Today

... providing the user with initial softcopy tools ...

Computing ’E: % =
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The World of Softcopy Tomorrow

... giving users control of their environment ...

Computing
Accelerators

Keys and Guides
database

e
L3t
AN
-

Reports and = 7

\.

Information ~

Decision
Makers
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Medical Softcopy Environment

... emerging opportunities to leverage other industries ...

X-Ray
PET Computing = B .
NMR Accelerators ki IE= ference Im:

Collection & Processing

Distmnuno\& . RN, < 8

Consulting g / s
Physicians Radiologists

Reports and %:
Information

/ Other hospitals

Surgeons e e X g — Radiology centers
Battlefield hospitals FFa4
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Next Steps

... the National Laboratories are established and ready to help ...
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