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1 Purpose of this Document 
 
The R&D WG will survey the state-of-the-art in new technology (technology enablers for 
software defined radio (SDR).  These enabling technologies include: 
 
- Hardware technology including RF enablers and digital enablers. 
- Software technology (software radio definition languages (RDL) and tools; radio virtual 

machines (RVM); and new software communications architecture (SCA). 
- Systems technology (smart antennas and adaptive processing, scalable systems, 

advanced terminal management and security technology, and test bed architectures. 
 
This document provides: 
 
- An introduction to the charter and organization of the R&D Working Group. 
- Overview of enabling technologies. 
- Expert lists and bibliographies for each enabling technology. 
 
2 Introduction to the R&D Working Group 
 

 

R&D WG 
D. Murotake 

L. Pucker 

Hardware 
Enablers 
J. Ellis 

Software 
Enablers 
K. Maier 

Smart Antennas & 
Adaptive Processing 

Reed 

-RF/Antenna 
-Digital 
-Workshop 

-RFI/RFP 

-SCA 
-WDL 
-RDL 
-RVM 

-Adaptive arrays 
-Antenna API 
-Adaptive algorithms and  

implementations 
 -Interference management
 -Equalization 

Hardware Abstraction 
Layer (HAL) Ad-Hoc 

Drafting Group 
Chapin 

(Above) R&D Working Group organization including HAL Ad-hoc Drafting Group. Source: SDR Forum 
 
Following recommendation by the 2001 Roadmap Task Group, the Research and 
Development Working Group was established in February 2002 at the 27th General 
Meeting.  The WG is chaired by David Murotake (CEO, SCA Technica, Inc.) and co-
chaired by Lee Pucker (CTO, Spectrum Signal Processing, Inc.). The working group is 
organized into three permanent study groups (Hardware Enablers, Software Enablers, 
Smart Antennas and Adaptive Processing), and a cross-disciplinary ad-hoc drafting group 
for a SDRF Recommendation on Hardware Abstraction Layer (HAL-DG). At the 
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November 2002 General Meeting, it is planned to elevate the HAL-DG to a Technical 
Committee level drafting group. 
 
2.1 Working Group Charter 

- Conduct research into technical activities and publications throughout the world as 
related to Software Defined Radio.  This is to identify technologies which can either 
fulfil the needs of the marketplace, or enable new products, services, and applications. 

- Develop briefings, working papers, bibliographies and expert lists for use by the 
Forum membership on the conducted research.   

- Exchange guest speakers, as necessary, with other organizations as a means of 
reinforcing and proliferating SDR concepts. 

- Facilitate Forum members collaborating on advanced technology demonstrations at 
select venues including the annual SDRF Technical Conference and Exposition. 

- Support development of a web-accessible test bed for use in applied research in 
software defined radio. 

- Conduct requests for participation, requests for information, and draft SDRF 
recommendations as appropriate. 

 
2.2 2002 Work Plan 
 
The R&D Working Group plans to conduct the following work during 2002. Much of 
this work will be performed by correspondence using email circulation via the R&D 
Working Group reflector (researchdevelopment@sdrforum.org), and through bi-weekly 
teleconferences. 
 
1)  The R&D WG will solicit additional members by means of a broadly issued Call for 

Participation in one or more venues to include the IEEE Spectrum. 
 
2) The R&D WG will survey the state-of-the-art in: 
 
 - Hardware technology (RF enablers, digital enablers) 
 - Software technology (SDR definition tools, Radio virtual machines) 
 - Systems technology (smart antennas and adaptive processing, scalable systems, 
advanced terminal management and security technology, and test bed architecture). 
 
As part of the survey, a list of experts and a bibliography will be developed.  In future 
versions of the report, the lists and bibliography will be updated, and the bibliography 
annotated for further convenience of our members. Additional nominations for addition 
to the bibliography and experts list are welcome, and should be submitted to 
Dave\Murotake (dmurotak@scatechnica.com). 
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3) HAL Ad-Hoc Drafting Group –As part of its mission to promote the development and 
use of software radio technology, the SDR Forum intends to create a set of standards 
that improve the portability of waveform software. A key area for standardization is 
the hardware abstraction layer (HAL). The HAL enables software to exploit the 
diverse signal processing hardware of SDR platforms in a portable fashion. The HAL 
drafting group (HAL-DG) has been formed to identify candidate HAL technologies 
and drive the standardization process. A Request For Information (RFI) is planned in 
early 2003, a Request For Proposals (RFP) in the middle of 2003, and a standard or 
standards will be recommended to the SDRF in early 2004. John Chapin (CTO, Vanu 
Inc.) has been voted Chair of the ad-hoc group.  Voted co-chairs are Jonathan Ellis 
(CEO, PredaComm Inc.) and Alden Fuchs (Senior Systems Engineer, Mercury 
Computer Systems, Inc.) 

 
The HAL-DG will draft a standard or standards potentially covering the following 
areas. 
 
1. Technologies that reduce the porting cost of enabling signal processing subsystem 

software to execute on diverse processing hardware. 
2. Technologies that improve the efficiency with which portable signal processing 

subsystem software executes on diverse processing hardware. 
3. Technologies that reduce the porting cost of enabling application software to 

interact with diverse signal processing subsystems. 
 
Technologies of particular interest include, but are not limited to, languages, APIs, 
compilers, development environments, automatic code generation, and virtual 
machines. 
The responsibility for Area 3 is shared with the System Interface Working Group of 
the SDRF. In their documents, this technology area is called the “Modem API.” 
 
The HAL-DG will first issue a Request for Information (RFI), which should receive 
broad dissemination.  The draft RFI will be developed and reviewed by 
correspondence, prepared as input submissions, reviewed/commented by the 
Technical Committee at a future General Meeting, and posted as input documents for 
review by the SDRF membership for purposes of coordination and integration of 
review comments. 
 
Responses to the RFI will be reported to the Technical Committee. After inputs from 
the RFI have been received, one or more Requests for Comment (RFC) will be 
drafted by the ad hoc drafting group, and reviewed by an Architecture Review Board 
to be established by the SDRF Technical Committee. Upon approval by the 
Architecture Review Board, the RFP will be reviewed/commented by the Technical 
Committee at a future General Meeting, and posted as input documents for review by 
the SDRF membership for purposes of coordination and integration of review 
comments. 

 
4) During the 2003 work period, the R&D Working Group plans to analyze the potential 

impacts of the new technologies to SDR hardware, software, and systems, and draft 
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one or more SDRF Recommendations on radio virtual machines, SDR definition 
languages, adaptive systems, and other areas as appropriate. 

  
5) The R&D WG members will support the planning and review of the November SDRF 

Technical Conference by coordinating with conference planners, encouraging our 
peers in the submission of papers, assisting in the peer review of submitted papers, 
and assisting in chairing of sessions as needed. 

  
6) The R&D WG will develop and maintain an internal website which includes informal 

discussion boards and posting area for working papers, for the purposes of informal 
peer review and comment. The website is initially hosted by Virginia Tech. 

 
3 Hardware Enablers 
 
3.1 Radio Frequency (RF) Enablers 
 

 
(Above) Unlike consumer and commercial SDR, government SDR applications may require radios and 
antenna systems that tune over three or more decades (2 MHz – 2 GHz). (Source: US Government) 
 
In many applications (such as software reconfigurable, multi-mode home networking 
devices or single-band (e.g. 1900 MHz) mobile terminals), operation within a limited 
range of frequencies are acceptable, and conventional RF chipsets and antennas may be 
employed with SDR sets. By contrast, other applications require multi-band operation 
over multiple decades. By example, the family of Joint Tactical Radio Systems (JTRS) 
radio networks and terminals are required to operate over 2 MHz – 2 GHz, with future 
frequency extensions down to 1.6 MHz and up to 6 GHz and beyond.  An internationally 
multi-band, multi-mode 2G/3G mobile terminal may be required to operate between in 
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several bands including 800 MHz, 900 MHz, 1900 MHz, 2.3 GHz, etc. For these multi-
band, multi-mode (MB/MM) government and commercial SDR applications, novel RF 
chipsets, power amplifiers and antennas are required. 
 
During the next few years, another enabling technology which is critical to the MB/MM 
SDR is the RF micro-electrical machine (RF MEMS). These tiny devices will permit 
practical multi-decade antennas and small, low-power RF receivers and synthesizers. 
 
Another enabling technology, key to commercial infrastructure and special government 
radio applications, is cryogenically cooled multi-band RF receivers and transmitters. 
 
3.1.1 Multi-band/multi-mode RF chipsets 
 
(Left) Advancements in miniaturized RF chipsets enable design of mobile terminals capable of meeting 

government and commercial SDR 
requirements, supporting multiple cellular and 
PCS modes. (Source: HTI, Inc.) 
 
Highly miniaturized MB/MM RF 
chipsets have been developed, and are 
expected to enter production in 2003. 
Further technological advances are 
expected as RF MEMS technology is 
incorporated, leading to order-of-
magnitude reductions in size, weight, 
power consumptions and cost of 
MB/MM chipsets. Research is o
on novel methods of RF signal 

processing which may further result in order-of-magnitude improvements in size, weight 
and power. Finally, superconducting RF technology helps achieve required perform
for both commercial infrastructure and government MB/MM front ends. These 
technologies are entering the SDR mainstream today and should be common by 2005. 
 

ngoing 

ance 

ibliography 

. Weisler, F. K. Jondral, "A Software Radio for Second- and Third-Generation Mobile 

 J. Cyrus Sy, "4G: Meeting Design Challenges Using SDR," Wireless Design & 

 M. requency Translation for Software Defined 

 M.  Front End Implementations for Multimode SDRs," 

 J. H adio: A Modern Approach to Radio Engineering

B
 
A

Systems," IEEE Transactions on Vehicular Technology, Vol. 51, No. 4, July 2002, 
pp. 738-748 

Development, August 2002, pp.12-15 
 Beach, J. MacLeod, P. Warr, "Radio F
Radios," Chapter 2, Software Defined Radio: Enabling Technologies, ed. Walter 
Tuttlebee, Wiley (UK), 2002 
 Cummings, "Radio Frequency
Chapter 3, Software Defined Radio: Enabling Technologies, ed. Walter Tuttlebee, 
Wiley (UK), 2002 
. Reed, Software R , Chapter 

2, Prentice-Hall PTR (New Jersey), 2002 

5 



 SDR Forum Document Number SDRF-03-P-0002-V1.0.0 

 E. ve for Software Defined Radio,” 
y 

McCune, “Polar Modulation: An Alternati
Proceedings of the International Symposium on Advanced Radio Technolog
(ISART), Boulder CO, March 2002, http://www.its.bldrdoc.gov/isart  
McCune, "GSM/CDMA Multimode Terminals Using Polar Modulatio th E. n," 12  Annual 

 
xperts List 

ransceivers/Modulation/Low Level RF

Wireless Communications (MPRG) Symposium, Virginia Tech., May 2002 

E
 
T  

sad Abidi, UCLA. http://www.icsl.ucla.edu/aagroup/
 
A . abidi@icsl.ucla.edu
Mark Cummings, enVia. markcummings@envia.com. +1 (408) 777-4802 
Alan Hand, HTI, alanhand@handwireless.com, +1 (603) 463-3060 
Tom Lee, Stanford. tomlee@smirc.stanford.edu. +1 (650) 725-3709 
Nathan Silberman, RFCo. nsilberman@rfco.net . +1 (408) 351-4235 
 
Linear Power Amplifiers 

hn Sevic, Cal-Eastern Labs  John.Sevic@cel.com
 
Jo
 
Superconducting RF Systems 

ck Rosa, Hypres. jrosa@hypres.com
 
Ja . +1 (914) 592-1190 x7888 

.1.2 Wideband and ultra-wideband (UWB) antenna elements 

eft: A simple 800 MHz – 1.9 GHz meander line antenna (MLA) prototype is shown. MLA technology can 

ovel antenna element technologies have 
on 

ra-

m 

al 

 

 
3
 
L
support efficient single antenna elements which can be tuned over several decades while maintaining a 
high Q factor. (Source: SkyCross) 

 
N
emerged which enable design and producti
of wideband (WB) and ultra-wideband (UWB) 
antennas for SDR. Examples include ult
wideband “resistive” antennas, as well as the 
“meander line” antennas (MLA). In those 
designs in which switches are employed, 
replacement of pin diodes, fat FETs, vacuu
tube relays (VTR) and other bulky, costly 
switch devices with micro electro-mechanic
systems (MEMS) will further enable order of 

magnitude size and cost reductions of WB and UWB antennas. Additionally, advances in
modeling and simulation methods enable accurate simulation of these new antenna 
element types. 
 
Bibliography. 
 
S. Makarov, Antenna and EM Modeling with MATLAB, J. Wiley & Sons, June 2002. 
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S. Makarov, J. Beneat and K. Pahlavan, “Analysis and Design Tools for Ultra-wideband 
Antennas”, ECE, Worcester Polytechnic Institute, MA. 
http://www.wlan01.wpi.edu/proceedings/wlan61d.pdf

H. G. Schantz, “Ultra Wideband Technology Gains A Boost from New Antennas”, 
Antenna Systems & Technology 4:1, January/February 2001, 
www.timedomain.com/Files/PDF/news/AntennaSchantz.pdf  

 
Experts List. 
 
Roland Gilbert, BAE Systems. roland.a.gilbert@baesystems.com. +1 (603) 885-5861. 
Sergey Makarov, Center for Wireless Information Studies, Worcester Polytechnic 

University. makarov@wpi.edu . +1 (508) 831-5017 
Mike Thursby, SkyCross. thursbym@skycross.com . +1 (321) 308-6617 
 
3.1.3 RF MEMS 
 
These highly miniaturized devices can be used as miniature switches (replacing costly, 
bulky pin diodes, super-wide field-effect transistors (FET) and vacuum tube relays (VTR) 
in antennas. They can also be used as high-performance miniature inductors, capacitors, 
filters, T/R switches and diplexers in RF front ends. Use of RF MEMS can reduce the 
size, weight and power consumption of RF systems by an order of magnitude. First 
production deployment of RF MEMS is expected in cell phones by 2003, and should be 
mainstream by 2005. 
 
Bibliography. 
 
J. T. Aberle, F. Zavosha and D.T. Auckland, “Reconfigurable antenna pushes MEMs 

performance specs”, E-tenna Corp, December 5 2001, 
http://www.commsdesign.com/design_corner/OEG20011205S0052

Cellular Online, “Radio Frequency Micro Electrical Machines (RF-MEMS)”, 8 August 
2001, http://www.cellular.co.za/technologies/phones/rf-mems.htm  

S. Chou, “MEMS R&D @Intel”, Intel Corporation, April 25, 2001, 
http://www.intel.com/research/silicon/sunlin.pdf  

F. Musalem, “Designing a MEMS-based RF Switch: Mechanical Considerations”, 
MEMSCAP, http://www.memscap.com/whitepapers/wireless-rf-wp.pdf. 

S. Orr, “DARPA Sows Seeds of Telecomm Revolution”, EE Times (1997), 
http://www.eetimes.com/news/97/966news/sows.html  

W. H. Weedon, W. J. Payne, G.M. Rebeiz, J.S. Herd and M. Champion, “MEMS-
Switched Reconfigurable Multi-Band Antenna: Design and Modeling”, Proceedings 
for the 1999 Antenna Applications Symposium, Allerton Park, Monticello, IL Sept. 
15-17, 1999.  

W. Weedon, W. Payne and G. Rebeiz, “MEMS-Switched Reconfigurable Antennas”, 
Proceedings IEEE 2001 Antennas and Propagation Society International Symposium, 
Boston MA, July 3-13 2001, http://www.appliedradar.com/Papers/aps01_mems.pdf  
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Experts. 
 
J.T. Aberle, Etenna Corporation. http://www.etenna.com/. +1 (240) 456-4100.   
F. Musalem, MEMSCAP. http://www.memscap.com/index.html.  +1 (877) MEMSCAP 
William H. Weedon, Applied Radar. whw@appliedradar.com. +1 (401) 295-0062 
Professor R.B. Yates (R.Yates@mems.org.uk) 
 
3.2 Digital Enablers 
 
3.2.1 Processing Devices 
 
3.2.1.1 Field Programmable Gate Arrays 
Above: The “Virtex II Pro” XC2VP7 device comes in numerous die sizes including the 23x23x1 mm FG456 
flat pack. This miniscule package contains eight embedded serial transceivers, one PPC 405 32-bit RISC 
CPU and approximately 700K reconfigurable gates. This small package fits well in PC card packages, and 

 

contains 248 user available I/O pins. (Figure: Xilinx) 

eft) The “Mercury” programmable logic device offers high density, reconfigurable system-on-chip 

everal advanced FPGA families provide “system-

 

combination with SimuLink. Speciali
g a 

(L
functionality and competes with the Virtex II architecture. (Figure: Altera). 
 

S
on-chip” capabilities.  The Xilinx Virtex II Pro and 
Altera Mercury are current examples of this class. 
The tables above show representative data for a one
inch square Xilinx XC2P7 “platform” FPGA which 
contains about 700,000 logic gates in addition to 8 
LVDS transceiver blocks and one PowerPC 405 
core. A number of optimized IP cores have been 
developed for wireless processing. Xilinx and 
Altera have both worked closely with The 
Mathworks to offer co-design libraries spec
targeted at optimized core implementations in 
zed reconfigurable devices for SDR have been 

under development by Quicksilver and others. The R&D Working Group is sponsorin
Reconfigurable Devices Workshop in early 2003. The Workshop is being organized by 
Jonathan Ellis (CEO, Predacomm). 
 

ifically 
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Bibliography: 
 
C. Dick, “FPGAs: Re-inventing Signal Processing”, SDR Forum Boston June 2002, Input 

Document 2002-41, http://www.sdrforum.org/doclist.html  
B. Esposito, “Altera FPGA’s for Software Defined Radios”, SDR Forum Boston June 2002, Input 

Document 2002-45, http://www.sdrforum.org/doclist.html  
K. Masselos, S. Blionas, T. Rautio, “Reconfigurability requirements of wireless 

communication systems”, Intracomm S.A. http://easy.intranet.gr/paper_27.pdf  
 
Experts: 
 
Chris Dick, Xilinx. chris.dick@xilinx.com. +1 (408) 558-2709. 
Jonathan Ellis, Predacomm. jonathan_ellis@predacomm.com. +1 (512) 587-6001. 
Ben Esposito, Altera. bene@altera.com . +1 (407) 681-9300. 
John Watson, QuickSilver. john.watson@qstech.com . +1 (408) 574-3300. 
 
3.2.1.2 General Purpose Processing 

The “big news” during 2002 was undoubtedly the announcement by Intel CTO Pat 
Gelsinger at Intel Developer Forum (IDF, 2/28/02, San Francisco) that Intel was initiating 
a large-scale R&D initiative called “Radio Free Intel”, the company's new, ambitious 
R&D efforts into the radio-frequency (RF), software-defined radio, and related wireless 
sectors. The initiative will incorporate SDR support into “every Intel CPU” as a baseline 
product by the end of the decade. Gelsinger said Intel Labs demonstrated a "complete 
radio technology" on a single chip at 10-GHz--based on traditional silicon. "We are 
talking about silicon, not silicon-germanium or gallium-arsenide," he said.  

Progress has been made on other fronts, notably GPP cores by MIPS, ARM, and 
PowerPC become increasingly available in mainstream FPGAs, and currently dominate 
the embedded GPP marketplace (including SDR). 
 
Bibliography: 
 
M. Lapedus, “Intel launches 'Radio Free Intel' to connect PCs, cell phones via RF 

technologies”, Semiconductor Business News, 2/28/02, 
http://www.siliconstrategies.com/story/OEG20020228S0035  

 
3.2.2 Communications Fabrics 
 
Switched fabrics employing crossbar ASICs, such as RACEway and SkyChannel, are an 
excellent means of overcoming the I/O bottlenecks suffered by “normal” I/O busses such 
as PCI. The latest generation of switched fabrics such as Infiniband and RapidIO employ 
gigabit serial physical layers, offering excellent I/O performance and network topologies 
while dramatically reducing the size, cost, power consumption, and (most importantly) 
the number of wires and pins necessary to implement the fabrics. Crossbar switched 
fabrics can now be implemented inside large FPGAs, overcoming I/O bottlenecks in 
high-speed wireless processing. Crossbar switch, I/O transceiver cores and “smart” 
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endpoint cores are available, and the latest “platform” FPGA’s such as the “Virtex II/Pro” 
and “Mercury” also provide embedded I/O transceivers. 
 
Bibliography: 
 
D. Bouvier, “RapidIO, The Serial Physical Layer”, RapidIO Trade Association, 

http://www.rapidio.org/data/tech/serial_white_paper.pdf
D. Bouvier, “RapidIO, An Embedded System Component Network Architecture”, 

RapidIO Trade Association, http://www.rapidio.org/data/tech/tech_whitepaper.pdf
“HyperTransport I/O Link Specification, Revision 1.03”, HyperTransport Technology 

Consortium, 2001, http://www.hypertransport.org/downloads/HT_IOLink_Spec.pdf
“InfiniBand Architecture Specification Volume 1, Release 1.0.a”, Infiniband Trade 

Association, June 2001, http://www.infinibandta.org/data/spec/10a/vol1r1a2.pdf
J. Peters, “PICMG 2.16 CompactPCI/Packet Switching Backplane Specification”, RTC 

Magazine, June 2001, pp. 92-93 
“PICMG 3.x Specifications, A new platform architecture for telecommunications 

equipment”, PCI Industrial Computers Manufacturers Group, September 2001, 
http://www.picmg.com/pdf/picmg3_Intro.pdf

 
Experts List: 
 
Craig Lund, Mercury Computer Systems Inc. clund@mc.com . +1 (978) 256-0052 
Eitan Medina, Galileo. eitan@galileo.co.il. +972-8-924-7555 Ext 317. 
David Murotake, SCA Technica. dmurotak@scatechnica.com. +1 (603) 321-6536. 
 
4 Software Enablers 
 
4.1 Software Communications Architecture (SCA) 
 
A new version of the SCA is under development by the Object Management Group 
(OMG) Software Radio Domain Special Interest Group (SR-DSIG) 
(http://swradio.omg.org/). This new SCA is being developed using the OMG Model 
Driven Architecture (MDA). The new Platform Independent Model (PIM) uses the JTRS 
SCA 2.2 as a Platform Specific Model (PSM) starting point, and extends the current SCA 
behavioral models.  The new PIM, and the Minimum version which will follow, will 
probably be mapped to J2ME and other platforms. The activity is being led by the OMG 
SR-DSIG Co-Chairs, Jerry Bickle (Raytheon), Jeff Smith (Mercury Computer Systems) 
and Mike McClemens (Mitre). 
 
One of the major benefits of a platform independent model (PIM) standard is the ability 
to port the PIM to different platform specific models (PSM) using CE, .NET, CORBA, or 
Java. A second major benefit is the ability to certify compliance of various PSM’s. Since 
the PIM maps to PSM’s using basic OMG technologies such as the UML and XML, and 
since these technologies are capable of formal methods of proof, it is possible to formally 
prove compliance of a PSM/PIM pair as long as the mappings themselves are done with 
formal methods in mind. 
Left: Platform independent models (PIM) are mapped to platform specific models (PSM) using core OMG 
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technologies such as UML 
and XML.  The SCA PIM is 
likely to be mapped to Java 
platforms for consumer and 
commercial SDR 
applications. (Figure: OMG)  
 
A SCA Reference 
Implementation 
(SCARI) has also been 
developed by the 
Canadian 

Communications Research Center (CRC) under contract to the SDR Forum and the 
Canadian defense establishment. The project is led by Steve Bernier. The CRC SCA 
Reference Implementation uses Java and complies with the Joint Tactical Radio System 
(JTRS) SCA 2.2. 
 
Bibliography: 
 
JTRS SCA Version 2.2. Download from http://www.jtrs.saalt.army.mil/  
CRC, SCARI. Download from www.crc.ca/en/html/scari/home/home
OMG, SCA PIM. Download from http://swradio.omg.org/swradio_newinfo.htm#WIP  
MDA Drafting Group, “Model Driven Architecture (MDA)” Document ormsc/2001-07-

1, July 9, 2001. http://cgi.omg.org/docs/ormsc/01-07-01.pdf  
 
Experts List: 
 
Steve Bernier, CRC. +1 613-991-6343. steve.bernier@crc.ca  
Jerry Bickle, Raytheon. Gerald_L_Bickle@Raytheon.com  
Mike McClimens, Mitre. mikemc@mitre.org  
Jeff Smith, Mercury Computer Systems Inc. jesmith@mc.com
 
4.2 Waveform Development Environment (WDE) 
 

Left: SIMULINK is used to model wireless systems 
such as IEEE 802.11 WLAN and Bluetooth.  
Different radio designs, waveforms, propagation 
effects and interference management systems can 
can be evaluated with SIMULINK. SIMULINK has 
optimized target platform implementations for 
Xilinx and Altera FPGAs as well as TI DSPs. 
SIMULINK is used as a component of Foresight’s 
WDE.  (Figure: MathWorks) 
 
Impressive milestones have been reached 
in the SDR tools area, such as waveform 
development systems.  Some of these tool 
sets employ “mainstream” simulation 
environments such as MATLAB and 
SIMULINK.  Because of the platform 
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specific optimization of IP cores and DSP algorithms, under some circumstances 
SIMULINK generated code on DSPs and FPGAs may perform BETTER than when 
hand-coded. Related fields include Radio Definition Language (RDL) and Radio Virtual 
Machines (RVM). 
 
Bibliography: 
 
(Note: WDE'2000 = Proceedings SDR Forum and AFRL/IFG Waveform Development 

Environment Workshop, Rome NY, 1 November 2000). 
  
T. Bapty, J. Gray, S. Neema, "Constraint-based embedded program composition", 

WDE'2000, http://www.sdrforum.org/MTGS/wde_wkshp_11_00/vanderbilt_11_30_00.pdf
D. Benfey, "Waveform development, concept to reality", WDE'2000, 

http://www.sdrforum.org/MTGS/wde_wkshp_11_00/par_rrc_11_30_00.pdf
C. Cavigioli, "A new generation of tools for system level design", WDE'2000, 

http://www.sdrforum.org/MTGS/wde_wkshp_11_00/synopsys_wde_12_1_00.pdf
M. Gudaitis and J. Mitola, "Waveform development environment – Practical 

considerations", WDE'2000, 
http://www.sdrforum.org/MTGS/wde_wkshp_11_00/gudaitis_11_30_00.pdf. 

B. Logan, D. Wilson, "Application of Foresight's technology to implement a waveform 
development environment", http://www.foresight-systems.com/sales/MILCOM_2001_final.pdf

M. Schiff, "Waveform generation for software defined radio", WDE'2000, 
http://www.sdrforum.org/MTGS/wde_wkshp_11_00/elanix_11_30_00.pdf

E.D. Willink, "Description of reactive systems using the waveform description 
language", WDE'2000, 
http://www.sdrforum.org/MTGS/wde_wkshp_11_00/racal_ltd_11_30_00.pdf

D. Wilson, "Advanced waveform design tools", WDE'2000, 
http://www.sdrforum.org/MTGS/wde_wkshp_11_00/foresight_11_30_00.pdf

 
Experts List: 
 
Anne Mascarin, Mathworks.  +1 (508) 647-7598 (annem@mathworks.com).  
Stuart McGarrity, Mathworks. (stuartm@mathworks.com).  
E.D. Willink, Racal, Ed.Willink@rrl.co.uk
Maurice Schiff, Elanix. maury@elanix.com
Deborah Wilson, Foresight Systems. +1 (714) 704-1670, wilson@foresight-systems.com
 
4.3 Radio Description Languages 
 
The Radio Definition Language (RDL) is a higher order language originally developed 
by Vanu used to "construct" a radio functional model using RDL "building blocks". RDL 
is used to configure a flexible modem, describe the desired signal processing graph, and 
give parameters for each processing stage. It does NOT include implementations of 
signal processing stages, nor is it a waveform specification language. 
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Bibliography: 
 
J. Chapin, "Radio description language", WDE'2000, 

http://www.sdrforum.org/MTGS/wde_wkshp_11_00/vanu_inc_11_30_00.pdf
J. Chapin, “The Vanu Inc. Perspective”, SDRF Input Document 2002-39, 12 June 2002. 

http://www.sdrforum.org/MTGS/mtg_29_jun02/02_i_0039_v_1_00_vanu_perspectiv
e_07_20_02.pdf  

M. Robert, J. Reed, "Hardware and middleware issues for reconfigurable nodes in a 
software radio system", WDE'2000, 
http://www.sdrforum.org/MTGS/wde_wkshp_11_00/virg_tech_11_30_00.pdf

 
Experts: 
 
John Chapin, Vanu. 617-864-1711, jchapin@vanu.com.  http://www.vanu.com/   
Jeff Reed, Virginia Tech. +1 (540) 231-2972. reedjh@vt.edu  
 
4.4 Radio Virtual Machines 

 
Left: Tthe RVM is a hardware 
abstraction which can significantly 
accelerate time to market. It brokers 
parallelism in multi-core, multi-
processor, and accelerated designs. It 
allows the interoperability of multi-
vendor, real-time intellectual 
property at both 'whole-stack' level 
and 'stack-component' model. Figure 
source: Radioscape. 
 
 
Bibliography: 
 

M. Gudaitis and J. Mitola, "The radio virtual machine", WDE'2000, 
http://www.sdrforum.org/MTGS/wde_wkshp_11_00/radio_vm_final_11_30_00.pdf

”Communications Virtual Machine: Solving Wireless Systems Design Complexity”, 
http://www.radioscape.com/extranet/files/index.asp?section=solutions  

 
Experts: 
 
Dan Chester, RadioScape. +44 (0)20-7224-1586 (in UK), dan.chester@radioscape.com
Mike Gudaitis, L-3 Communications, +1 (315) 339-6184 mike.gudaitis@L-3com.com  
Joe Mitola III, DARPA, jmitola@darpa.mil
 
5 Adaptive Processing and Smart Antennas 
 
For years, wireless infrastructure leaders have planned to deploy SDR technology in base 
stations concurrently with their deployment of software defined adaptive processing, 
interference cancellation and smart antennas. This is because the digital signal processing 
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hardware and algorithms needed to implement adaptive algorithms are complementary to 
the methods needed to implement SDR receivers, synthesizers and modems. Also, joint 
implementation of SDR modems with adaptive processing is generally synergistic, 
offering higher performance at lower cost than individual methods implemented alone. 
 
5.1 Industry Leaders 
 
B.G. Agee, S.V. Schell and W. A. Gardner, “Spectral self-coherence restoral: a new 

approach to blind adaptive signal extraction using antenna arrays,” Proceedings of the 
IEEE, vol. 78, no. 4, pp. 753 -767, April 1990. 

M.J. Feuerstein, “Applications of smart antennas in cellular networks,” IEEE Int’l. Symp. 
of Antennas and Propagation Society, vol. 2 , pp. 1096-1099, 1999. 

M. Ghavami and R. Kohno, “Improvement in the DOA estimation of broadband signals 
using partially IIR beamformers,” IEEE Trans. on Communications, vol. 50, no. 6, 
pp. 897 -901, Jun. 2002. 

J.C. Liberti, “Measuring and modeling spatial radio channels for smart antenna systems,” 
IEEE Antennas and Propagation Society International Symposium, 1998. vol. 2, pp. 
635-638. 

B.D. Rao, M. Wengler and B. Judson, “Performance analysis and comparison of MRC 
and optimal combining in antenna array systems,” IEEE Int’l Conf. on Acoustics, 
Speech, and Signal Processing. vol. 5, pp. 2949 -2952, 2001. 

R. H. Roy, T. Kailath, “ESPRIT- Estimation of Signal Parameters via Rotational 
Invariance Techniques,” IEEE Trans. on Acoustics, Speech, and Signal Processing, 
vol. 37, no. 7, pp. 984-995, July 1989 

H. Taoka, S. Tanaka, T. Ihara and M. Sawahashi, “Adaptive antenna array transmit 
diversity in FDD forwad link for W-CDMA and broadband packet wireless access,” 
IEEE Wireless Communications, vol. 9, no. 2, pp. 34 -41, April 2002. 

 
5.2 Array Processing of Narrow Band Signals 
 
G.E. Bottomley, K.J. Molnar and S. Chennakeshu, “Interference cancellation with an 

array processing MLSE receiver,” IEEE Trans. on Vehicular Technology, vol. 48, no. 
5, pp. 1321-1331, Sept. 1999. 

Y.K. Lee, R. Chandrasekaran, J.J. Shynk, “Separation of Cochannel GSM Signals Using 
an Adaptive Array,” IEEE Trans. on Signal Processing, vol. 47, no.7, pp.1977-1987, 
July 1999. 

 
5.3 General Array Processing 
 
P. Strobach, “Square-root QR inverse iteration for tracking the minor subspace,” IEEE 

Trans. on Signal Processing, vol. 48, no. 11, pp. 2994 -2999, Nov. 2000. 
M.C. Dogan and J.M. Mendel, “Applications of cumulants to array processing .I. 

Aperture extension and array calibration,” IEEE Trans. on Signal Processing, vol. 43, 
no. 5, pp. 1200-1216, May 1995. 

M. Wax and Y. Anu, “A least squares approach to blind beamforming,” IEEE Trans. on 
Signal Processing, vol. 47, no. 1, pp. 231 -234, Jan. 1999. 

Tian Zhi; K. L. Bell and H.L. Van Trees, “A recursive least squares implementation for 
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LCMP beamforming under quadratic constraint,” IEEE Trans. on Signal Processing, 
vol. 49, no. 6, pp. 1138 -1145, June, 2001. 

J. Hicks, S. Bayram, W.H. Tranter, R.J. Boyle and J.H. Reed, “Overloaded array 
processing with spatially reduced search joint detection,” IEEE Journal on Selected 
Areas in Communications, vol. 19, no. 8, pp. 1584-1593, Aug. 2001 

 
5.4 Array Processing for OFDM 
 
H. Bolcskei, R.W. Heath, Jr. and A.J. Paulraj, “Blind channel identification and 

equalization in OFDM-based multiantenna systems,” IEEE Trans. on Signal 
Processing, vol. 50, no. 1, pp. 96 -109, Jan. 2002. 

L.C. Godara and M.R.S. Jahromi, “Limitations and capabilities of frequency domain 
broadband constrained beamforming schemes,” IEEE Trans. on Signal Processing, 
vol. 47, no. 9, pp. 2386 -2395, Sept. 1999. 

 
5.5 Array Processing for CDMA 
 
S. Choi and D. Shim, “A Novel Adaptive Beamforming Algorithm for a Smart Antenna 

System in a CDMA Mobile Communication Environment,” IEEE Trans. On 
Vehicular Technology, vol. 49, no. 5, pp. 1793-1806, Sept. 2000. 

A.F. Naguib and A. Paulraj, “Performance of wireless CDMA with M-ary orthogonal 
modulation and cell site antenna arrays,” IEEE Journal on Selected Areas in 
Communications, vol. 14, no. 9, pp. 1770 -1783, Dec. 1996. 

Y.S. Song, H.M. Kwon, B.J. Min, “Computationally Efficient Smart Antennas for 
CDMA Wireless Communications,” IEEE Trans. On Vehicular Technology, vol. 50, 
no. 6, pp. 1613-1628, Nov. 2001. 

 
5.6 Space Time Coding (STC) and Multiple Input/Multiple Output 

(MIMO) Methods 
 
N. Al-Dhahir, A.F. Naguib and A.R. Calderbank, “Finite-length MIMO decision 

feedback equalization for space-time block-coded signals over multipath-fading 
channels,” IEEE Trans. on Vehicular Technology, vol. 50 Issue: 4, pp. 1176 -1182, 
July 2001. 

S. Alamouti, “A simple transmit diversity technique for wireless communications,” IEEE 
Journal on Selected Areas in Communications, vol. 16, pp. 1451-1458, Oct. 1998. 

R.S. Blum, J.H. Winters and N.R. Sollenberger, “On the capacity of cellular systems with 
MIMO,” IEEE Communications Letters vol. 6, no. 6, pp. 242 -244, Jun 2002. 

S.N. Diggavi, N. Al-Dhahir, A. Stamoulis, and A.R. Calderbank, “Differential space-time 
coding for frequency-selective channels,”  IEEE Communications Letters, vol. 6, no. 
6, pp. 253 -255, Jun 2002. 

G.J. Foschini and M.J. Gans, “On limits of wireless communications in a fading 
environment when using multiple antennas,” Wireless Personal Communications, vol. 
6, pp. 311-335, March 1998. 

G. Ganesan and P. Stoica, “Space-time block codes: a maximum SNR approach,” IEEE 
Trans. on Info. Theory, vol. 47, pp. 1650-1656, May, 2001. 
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R. Gozali and B.D. Woerner, “Upper bounds on the bit-error probability of space-time 
trellis codes using generating function techniques,” 53rd Vehicular Technology 
Conference, Spring, 2001, vol. 2 , pp. 1318 -1323, 2001. 

P. Stoica and M. Jansson, “MIMO system identification: state-space and subspace 
approximations versus transfer function and instrumental variables,” IEEE Trans. on 
Signal Processing, vol. 48, no. 11, pp. 3087 -3099, Nov. 2000. 

V. Tarokh, N. Seshadri, and A.R. Calderbank, “Space-time codes for high data rates 
wireless communications: Performance criterion and code construction,” IEEE Trans. 
on Info. Theory, vol. 44, pp. 744-765, March 1998. 

V. Tarokh and H. Jafarkhani, “A differential detection scheme for transmit diversity,” 
IEEE Journal On Selected Areas in Communications, vol. 18, pp. 1169-1174, July 
2000. 

 
5.7 Diversity Reception 
 
A.A. Abu-Dayya and N.C. Beaulieu, “Diversity MPSK receivers in cochannel 

interference,” IEEE Trans. on Vehicular Technology, vol. 48, no. 6, pp. 1959 -1965, 
Nov. 1999. 

P.K. Shamain and L.B. Milstein, “Acquisition of direct sequence spread spectrum signals 
with correlated fading,” IEEE Journal on Selected Areas in Communications, vol. 19, 
no. 12, pp. 2406-2419, Dec. 2001. 

M.K. Simon and M.S. Alouini, “Multiple symbol differential detection with diversity 
reception,” IEEE Trans. on Communications, vol. 49, no. 8, pp. 1312-1319, Aug. 
2001. 

C. Tellambura, A. Annamalai and V.K. Bhargava, “Unified analysis of switched diversity 
systems in independent and correlated fading channels,” IEEE Trans. on 
Communications, vol. 49, no. 11, pp. 1955 -1965, Nov. 2001. 

R.G. Vaughan, “On optimum combining at the mobile,” IEEE Trans. on Vehicular Tech., 
vol. 37 no. 4 , pp. 181-188, Nov. 1988. 

 
5.8 Radio Resource Management 
 
P. Viswanath, D.N.C. Tse and R. Laroia, “Opportunistic beamforming using dumb 

antennas,” IEEE Trans. on Information Theory, vol. 48, no. 6, pp. 1277 -1294, June 
2002. 

A. Yener, R.D. Yates and S. Ulukus, “Interference management for CDMA systems 
through power control, multiuser detection, and beamforming,” IEEE Trans. on 
Communications, vol. 49, no. 7, pp. 1227 -1239, July 2001. 

 
5.9 Propagation 
 
R.B. Ertel, P. Cardieri, K.W. Sowerby, R.S. Rappaport and J.H. Reed, “Overview of 

spatial channel models for antenna array communication systems,” IEEE Personal 
Communications, vol. 5 no. 1, pp. 10-22, Feb. 1998. 

P. Petrus, J.H. Reed and T.S. Rappaport, “Geometrical-based statistical macro-cell 
channel model for mobile environments,” IEEE Trans. on Communications, vol. 50, 
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channel model for simulation of Tx- and Rx-diversity wireless systems,” IEEE 
Vehicular Technology Conference, Fall, 2000, vol. 2, pp. 833-839, 2000. 

 
5.10 Angle of Arrival (AOA) / Time of Arrival (TOA) Estimation 
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vol. 43, no. 5, pp. 1232 -1242, May 1995. 

J. Li and R.T. Compton Jr., “Maximum likelihood angle estimation for signals with 
known waveforms”  IEEE Trans. on Signal Processing, vol. 41, no. 9, pp. 2850 -
2862, Sept. 1993. 

R. Schmidt, “A Signal Subspace Approach to Multiple Emitter Location and Spectral 
Estimation,” IEEE Trans. On Antennas and Propagation, AP-34:276-290, March 
1986. 

P. Stoica and A. Nehorai, “MUSIC, maximum likelihood, and Cramer-Rao bound: 
further results and comparisons,” IEEE Trans. on Acoustics, Speech and Signal 
Processing, vol. 38, no. 12, pp. 2140 -2150, Dec. 1990. 
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462, Feb 1998. 
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5.11.3 General Array Processing 
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