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1 R&D
R&D
Lucent Motorola
Qualcomm AT&T AT&T Bell
Laboratories CDMA
2
>
> DARPA: Defense Advanced Research Projects
Agency NIST: National Institute of Standards and Technology

NSF: National Science Foundation

R&D
DOD: Department of
Defense TSAT: Transformation Satellite Communications
JTRS: Jaint Tactical Radio System

disruptive technologies DARPA
Control-Based Mobile Adhoc Networks
NSF NeTS Networking Technology and Systems
Wireless Networks
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11 R&D
R&D
NSF SRI SRI
Inter national NSF
1
AMPS: Advanced Mobile Phone System
R&D
FCC: Federal Communications Commission Land
Mobile Radio Services 1970
R&D 1970
IEEE Vehicular Technology Section
National Bureau of Standards NIST

The Cellular Telephone.”: http//www.sri.co m/policy/csted/reports/sandt/techin2/chp4 html

“The Role of NSF's Support of Engineering in Enabling Technological Innovation - Phase II. Chapter4:
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DAPRA
DARPA University of Hawaii 1970
ALOHANET ARPANET
ALOHANET Ethernet
DARPA 1972

Packet Radio Program
Survivable Adaptable Networks

1983

1994

GloMo: Global Mobile Information Systems

2

1990 2G
Rutgers
Dipankar Raychaudhuri
12 IT R&D
DARPA  NSF 2 NASA

National Aeronautics and Space Administration
Homeland Security

2

DHS: Department of

The Evolution of Untethered Communication, Computer Science and Teleco mnunications Board,
National Academy of Sciences, 1997:http://books nap.edu/openbook.php?isbn=0309059461.
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R&D IT R&D

NITRD: Networking and IT Research and Development 2008

30 5,600 Large Scale Networking

4 1,880 14
DARPA
DOD NSF 2 8,690
Raychaudhuri
2008 1 4,000
NSF Wireless Networks 2006
1,340
NITRD

Cyber Security and Information Assurance Program Component Area

Boeing
Future Combat System
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21

\4

R&D

Department of Defense Defense Advanced
Research Projects Agency
National Aeronautics and Space Administration
Department of Homeland Security
National Science Foundation

R&D

DOD DOD
Office of Defense Research & Engineering

Deputy Under Secretary of Defense for

Laboratories and Basic Science Rees Army Research
Laboratory Naval Research Laboratory Air Force
Research Laboratory DOD

Rees

Deputy Under Secretary of Defense for Science &
Technology Tilborg
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> R&D DARPA 2008
30 Tether

Director, Defense Research and Engineering

Mr. John J. Young Jr.

Dir, Plans and Programs Administrator, Defense
Toohnical Information Cenfcr
Mr. Alan Shafier Mr. Paul Ryan

DUSD, Advanoesd UILISL), Laboratones & Hasic DU3D0, Suvienx & Liwr, Uetense Acvanced
Spstems & Concepts Sciences Technology Reszarch Projecs Agency

Mr. Benjamin Riley Dr. Andre Van Tilborg
(acting) Dr. William S. Rees, Jr. {acing) Dr. Anthony Tether

: Department of Defense, Defense Laboratories & Basic Science, September 2006°

DOD
DOD R&D

DUSD, Science & Technology

R&D “ ?

1 Surwveillance and Knowledge Systems “

network-centric operations ” 4 “

3 http://www.dod.mil/ddre/downloads/lab_briefings/Advanced Technology Symp v2.pdf

4 http://www.dod.mil/ddre/text/t sks html
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Always-on ”
Air Force Research Laboratory, Software and
Systems
Software and Systems
5
>
>
>

ONR: Office of Naval Research

ONR 6
>
> QoS end-to-end Quality-of-Service
> joint/coalition interoperability
> IPv6
>
Army Research Office
VHF  HF

> Air Force Research Laboratory: http://www .afosr.af.mil/ ResearchAreas/research_math_software htm

® Office of Naval Research, Science & Technology:
http://www.onr navy.mil/sci_tech/31/312/communications.asp
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>
>
>
> QoS
>
TSAT : Transformational Communications Satellite
TSAT
UAV
8
> 2.5Gbps 10Gbps 20 50
> RF 8,000
TSAT TCA: Transformational Communications
Architecture 1 TCA
TCA TSAT
Assistant Secretary of Defense for
Networks and Information Integration DOD Chief Information Officer
John Grimes TSAT
Space and Missile Systems Center
TSAT 9

" ARO Co mputing and Information Sciences:
http://www.arl.army.mil/main/main/default cfm? Action=29& Page=205

¥ Winds of Change: http://www.windsofchange net/archives/006660.php

’ http//aimpoints hq.af.mil/display.cfm?id=15296
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DOD 2003 Booz Allen Hamilton

TSAT 1,800 2

Lockheed Martin Space Systems
Northrop Grumman Space Technology
Boeing Satellite Systems

DOD

DOD 2007

DOD 2006 1
Lockheed Martin Integrated Systems and Solutions TMOS

20
TSAT
2006 12  TSAT
10
2004 TSAT 2011
155 GAO: Govemment
Accountability Office 2006 5 TSAT 2014 9
160 2007 2 2008
2016 1 2
DARPA
DARPA ITPO: Information Processing Technology Office
2

10 «Test bed for TSAT satellite in operation,” UPI, December 12'12006.

" Space Acquisitions: DOD Needs Additional Knowledge as it Embarks on a New Approach for
Transformational Satellite Communications System, GAO Report 06-537, May 2006.

2 https://www.saffm hq.af. mil/FM B/pb/2008/AF_Rollout FY08 PB.pdf
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Ad-Hoc Networks

DARPA
Initiatives

1,150

Teams

DARPA

2008

400

CBMANET: Control-Based Mobile
Trustworthy Systems
DARPA Future Information Assurance

CBMANET

DOD
2008

ACERT: Adaptive Cognition-Enhanced Radio

ACERT 2008 3,100

WNaN: Wireless Network after Next :

WNaN
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2.2 NASA R&D
NAS A NASA
NREN: NASA Research and Engineering
NREN NASA
High-End Computing Columbia
nomadic 3
NREN
> AODV: Ad hoc On-Demand Distance
Vector link/unlink
14
> OLSR: Optimized Link State Routing
LAN “ multi-
point relays ”
OLSR

15

5 NREN: http://www nren nasa.gov/adhoc html

" httpy//www.ietf.org/rfc/rfc 356 1.txt

5 http//www.ietf org/rfc/rfc 3626.txt
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> TBRPF: Topology
Dissemination Based on Reverse-Path Forwarding :

16

Hybrid Networks

NREN
Transportable Earth Station NASA
Glenn Research Center NREN W AN
NASA
NASA
17
Optics for Deep Space Communications
1 “ spot size ”
MLCD: Mars Laser Communication

Demonstration 10Gbps 10Gbps

' http://www.ietf org/rfc/rfc 3 684.txt

& http://www nren nasa.gov/hybrid html
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Jet Propulsion Laboratory

CalTech

IPN

5
Deployed Internets
Dialog and Nodes
Backbone Security

18

18 http://www.spaceref.co m/focuson/ipn/

IPN: Interplanetary Internet

lag
store and forward

Inter-Internet
Interplanetary Gateways Stable
IPN
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Interplanetary Internet Architecture

IPN Technology Thrust Areas sl

Tnter -Imtermets Shrnrg fosefoe e
By oma’ Moo SOrERpE

mars.sol

Aent Gemiradion Invermer (NG Duiti stiee

: SpaceRef.com
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2.3

DHS Jay M. Cohen

Technology

R&D

Under Secretary for Science &

Directorate for Science and Technology

Advanced Research Projects Agency

HSARPA: Homeland Security

Command, Control and Interoperability program

OFFICE OF THE UNDER SECRETARY FOR
SCIENCE & TECHNOLOGY

UNDER SECPETARY Ehilet o BEal

HOMILARND
STRAATEGY POLICY & LORPOIATE assoCATE siREmaL | |,
BUDSET CORMURICETIONS COUMSEL SR TS AL sEstmT
IKETTUTE
BUSHESS
HTERAILHCTY NTEFA TR HAL TEDT & OvAL LETION OFLCEATIOND,
PROGLAME PROGHAME ot i e AND STAMDARDS SEMVICES & HUMAK
CARTAL
RMEOWATION ( ADMELANMD
EESEARCH TRAKSITION ECISRTY S
o B MEEARCH PROAECTS
R o AGERSY
Diectr
T T
Oftias of Nalioral Taaa | |
Labe Clsaringhouss i i
I I
Univaresy | |
| = Ralsly ant Nffne : :
| |
| |
I I
I I
OMMAID, COTTROL & BOIDENS & AARITIRE MPRASTRUCTURE &
EEFLOSINES CHIMICEL | BIOLDBSICAL HUNAN RSO TORES
Eteiaios L hoant vt 1t INTERDEERANILITY SECUMTY ok s SRAPHTEICAL
Open Paad Desmdan ol Ltvan= Ao
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DHS
DHS
3
> U.S.-Canada Cooperation on Wireless
Security : DHS R&D Cyber Security R&D Center
Smart Border Declaration
19
» HSAPRA
Douglas Maughan FCW RFID
FCW Events Wireless and RFID Conference and Exhibition
1,000 Entrust
20
» SAFECOM “ ”
DHS
SAFECOM SAFECOM Program Office
DHS Director for Command, Control and Interoperability
DHS Deputy Director for Operations at the DHS
Office of Research and Development S&T David Boyd

19 http://www.cyber.st.dhs.gov/wireless html

2 «DHS wireless experiment takes to orbit.” FCW.com March 1°2006.
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2.4 R&D
NSF Office of Cyber infrastructure Daniel Atkins
Directorate for Computer & Information Science &
Engineering Division of Computer and Network
Systems Suzanne lanoco
GENI NeTS

OCI: Office of Cyber Infrastructure
GENI

21

>
Cognitive Radios
>
> Delay-tolerant architectures
> GENI

GENI

2 http://www.geninet/dev.php
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Directorate for Computer & Information
Science & Engineering

NeTS: Networking Technology and Systems
WN: Wireless Network

22
» NeTS-ProWIN: Multi-Tier Hybrid Wireless
Networks
> COLLABORATIVE RESEARCH :
> CHARIOT: A

Cooperative, Hybrid wireless ARchitecture for the next generation InterneT

> Fingerprints in the Ether :
Exploiting the Radio Channel to Enhance Wireless Security

> Practical Use of Channel
Information in Multihop Wireless Networks

> Resource
Management and Distributed Protocols for Heterogeneous Cognitive-Radio
Networks

2 http://www nsf.gov/funding/pgm summjsp?pims_id=12765&org=CNS
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3 R&D
31 Rutgers University —WinLAB
New Brunswick, NJ
Dipankar Raychaudhuri
25 40 50
N/A
URL http://www. winlab.rutgers.edu/
2 24
> Mobile Internet WinLAB “
> Connrectivity “ ”
/

B httpy//www.winlab.rutgers .eduw/pub/docs/about/about html

* httpy//www. winlab.rutgers.edu/pub/docs/about/vision.html
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WinLAB 1989 David Goodman

1988
NSF /
Industry/University Cooperative Research Centers “ Seed
Funding ” WinLAB
WinLAB
" N
Future Wireless Network Scenario
WIRLAS . A T

: Rutgers WinLAB
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WinLAB New Brunswick
Il Rutgers Technology Center II
4 25
> / Radio/Modem Technology
> Radio Resource Management
> Mobile Networks and Protocols QoS
> Mobile Computing
/
Dipankar Raychaudhuri 120
/ MAC
VSAT 10
2
26
> Full Sponsorship : 7

Industry Advisory Board
IPR

5 http://www. winlab.rutgers .edu/pub/docs/res earch/research html

% http://www.winlab.rutgers.edu/pub/docs/sponsorship/s ponsors hip.html
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Associate Sponsorship

Lucent
Qualcomm

27

France Telecom
\Verizon
Aruba Networks

ORBIT:

Open Access Research Testbed for Next-Generation Wireless Networks
Wireless Network Testbed 2003

Vehicular Networking 2006

>
Intel NTT
Wireless
PnP PnP Networks
WinLAB
>
NSF
>
> 4G
Protocols “4G”
IISG”
/
>

Infostations

application- and location-specific devices

7 http://www.winlab.rutgers.edu/pub/docs/sponsorship/sponsorlist html

1998

NSF

Ad-Hoc and 4G Mobile Network

WLAN
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3.2 —_

University of

Texas at Austin-Wireless Networking and Communications Group

Austin, TX

Gustavo de Veciana

14 80

URL http://wncg.ece.utexas.edu/

28

WNCG 2002 Ted Rappaport

TSR TSR Technologies
Wireless Valley Communications, Inc.
NSF

* http://wncg.eceutexas.edu/about/

WNCG
Rappaport
2 NSF
WNCG
GENI
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WNCG

> Ad Hoc and Sensor Network Lab

> Digital Time Series Lab

> Embedded Signal Processing Lab

> Laboratory for Image and Video
Engineering

> Network Engineering Laboratory

> RF RF Systems and Propagation Lab

> Simulation Lab

> MIMO Software-defined MIMO Prototyping
Laboratory

> Wireless Networking Lab

> Wireless Systems Innovation Lab

Gustavo de Veciana Jeff Andrews
Rappaport WNCG Founding Director

29

® http://wnce.eceutexas.edu/people/facultydetail.php?id=12
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WNCG 30
> Industrial Affiliate Membership : 5
> Industrial affiliate sponsored research 10
IPR
> Directed Research
AT&T Dell Ericsson
Qualcomm Samsung Moatorola Texas
Instruments
WNCG 31
> Advanced radio technologies :
MIMO: Multiple Antenna Transmitters and Receivers
CDMA: Code Division Multiple Access
OFDM/OFDMA: Orthogonal Frequency Division Multiplexing and Multiple
Access

30 httpy//wneg.eceutexas.edu/sponsorship/

3! httpy//wneg.eceutexas.edu/research/
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System design, implementation, and
experimentation : Signal Processing Implementation
uT UT Network as Testbed WIMAX WIMAX
Standardization 802.11n

Mesh Networks
MANETs: Mobie Ad hoc Networks
Sensor Networks Wireless Network
Management and Security Control and
Optimization Over Wireless Networks

Image Communication Video
Communication QOS Video Quality Assessment

Distributed Video Surveillance
Sensor Networking /
Pervasive/ Ubiquitous Computing
Peer-to-Peer and Overlay Networks Multihop
Wireless Networks Cross Layer Design
Cognitive Radio

WNCG

DARPA 650

7
32

32 «UT to look at mobile network approach,” Austin American-Statesman, October 5"2006.
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3.3 Lucent Bell Laboratories /
Wireless Research LaboratoryMWireless and
Broadband Network Access
Murray Hill, NJ
Jeong Kim
N/A
12 2006 R&D
URL http://www.bell-labs.com/org/wireless/
Alcatel-Lucent
1925
AT&T
2

Access Networks
backhaul
MIMO

Wireless and Broadband
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> Wireless Research Laboratory :

Physical Science Research

PHY MAC
Jeong Kim
33
> Industry Partnerships :
2006 IPTV IBM

34
> University Alliances

University of lllinois at Urbana-Champaign 800

Kim

33 “New mission for Bell Labs: Profit,” The International Herald Tribune, Dece mber 6" 2006.

* Thompson Securities Data Corporation.
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> Converged Wireline and Wireless Access :
ambient networks 3G QoS
35
> Radio Technology / agile/cognitive radios RF
RF 36
> Wireless and Broadband Access
MIMO
37
> High-speed Circuits and Systems Research
38
> Wireless Systems and Technology Research
39
> Wireless Communications Research :
40
> Global Wireless Systems Research :
LJT MS LL4G11 4]

3 Bell Labs.
36 Bell Labs.
37 Bell Labs.

38 http://www.bell-labs.com/ore/wireless/

¥ bid.
0 Ibid.

“ Ibid.
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3.4 NIST Information Technology
Laboratory, Advanced Network Technologies Division

Gaithersburg, MD
Cita Furlani (NIST ITL )
David Su(ANTD )
45
URL http://w3.antd.nist.gov/
NIST ANTD: Advanced Network
Technologies Division 1« T2
42
NIST ITL: Information Technology Laboratory
ITL Cita Furlani
NIST
ANTD David Su Su ANTD WDM
WDM Network Metrology WDN
WDN Network Planning and Modeling WDM QoS WDM Network Quality of

Service

2 http://w3.antd.nist.govwhatantddoes shtml
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ANTD
» |IEEE: 802
> |ETF:
>

2.4GHz

> NTIA:LMDS

NIST ANTD
>
networks
>

43

WPAN IEEE
IETF

NCS: National Communications System
NCS

NTIA

Seamless and Secure Mobility :

complex
44

Wireless Ad-Hoc Networks

45

46

“ http://w3.antd.nist.gov/ext relshtml

“ httpy//w3.antd.nist.gov/seamlessandsecure.shtml

* http://w3.antd.nist.gov/wahn_mahn.shtml

* http://w3.antd.nist.gov/wahn ssnshtml

Page 32



R&D 2007 3

4
R&D
47
R&D
T
4.1 R&D
> SDR: Software-defined radio SDR
SDR
SDR
> MANETs: Mobile Adhoc Network MANETs
MANETSs

MANETSs

4 Renewing U.S. Telecommunications Research,

Computer Science & Telecommunications Board, National Academy of Science, 2006,
http://www nap.edu/catalog.php?record _id=11711.
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> Wireless sensor networks
RFID
> 4G 4G Wireless : 4G HP
HP Labs
4G
NIST NTIA 4G
4.2 R&D
R&D
DARPA
3 NSF
NSF
DHS National Institutes of Health NASA
R&D
OMB
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