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Agenda

� Overview of SDR
� SDR Forum – Goals / Objectives / Accomplishments
� SDR Enables JTRS
� JTRS Programs
� Waveform Software Development Process
� Waveform Development Tools – MATLAB® and Simulink ®

� Waveform Portability
� Reuse at Multiple Levels and Layers
� Design Tradespace Analysis
� Error Containment

� Comments from our team on MathWorks Release 14
� Recommendations 
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Objectives and Motivations for SDR

Architecture – Architecture - Architecture

* F117 Picture Courtesy of www.lmaeronautics.com/pr oducts/combat_air/f-117/index.html

· Programmable to add waveforms post sale / install
· Programmable to add applications post sale / instal l
· Enable new capabilities for the warfighter
· Update capabilities at mission time or enroute to 

enable specific missions
· Add local network special features
· Common reliable HW – substantial simplification of 

ILS & maintenance 
· Improve HW & platform independence
· Bug Fix
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Software Defined Radio Reference Model
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FRAMEWORK
- Middleware to manage raw resources
- Provides “glue” for radio application to bind to ra dio platform 
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SCA Reference Architecture
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Classical Modem Functional Block Diagram
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Transmit Resource Allocation Onto GPP, DSP, FPGA
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Example Resources

· Typical Resources for SDR

· RFFE
� 16 Mips, 50     K bytes

· Black - Modem
� FPGA 500 K gates, 256   K bytes
� DSP 100 Mips, 2000 K bytes
� GPP 266 Mips,         32000 K bytes

· Crypto
� AIM  (Sierra 2)

· Red – Source Coder
� DSP 100 Mips, 2000  K bytes
� GPP 266 Mips,         32000  K bytes



Oct 4-5, 2004           
© 2004 General Dynamics, All rights reserved. 9Part 1

© 2004 General Dynamics, All rights reserved.

Example:
AM Functional Decomposition
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Example :  AM Object Collaboration
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Interactions  between HMI and RF modules

TFMs are comparable to SCA Ports

Object Management Processes that are background to the signal flow
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Example SDR Products at General Dynamics

AN/PRC112G®

Combat Search 
and Rescue Radio
225 – 400 Mhz
7 Waveforms
2 Crypto Algorithms

Digital Modular Radio
Marine Radio

4 Full Duplex Channels
2 Mhz – 2 Ghz
>10 Waveforms
>5 Crypto Algorithms
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The JTRS Cluster Programs

Cluster 1 – Mobile Ground & Air

Cluster 3 & 4 - Cluster AMF Cluster 5 – Miniaturized F orm Factors

Cluster 2 – Handheld
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SDR Forum
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What is the SDR Forum’s role?

· >110 Members
· Incorporated in 1997
· SDR Forum Objectives

� A venue to advance the SDR State of the art
� To promote industry standards
� Regulators’ resource for industry opinion to facilitate creation 

of rules to facilitate the application and adoption of SDR
� Create concepts and influence/develop standards for 

implementation
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Regulatory Committee
Markets Committee
Technical Committee

� Ad Hoc Working Group
� Commercial Handset Working Group
� Download Working Group
� Hardware Abstraction Layer Working Group
� Liaison

� ARIB, E2R, FCC, MPHPT, WWRF, GPP, ITU
� Reference Implementations
� R&D Working Group

� Public Safety SIG
� Space SIG
� Development Tools SIG
� Telematics SIG

� Smart Antenna Working Group 
� Spectrum Efficiency and Cognitive Radio
� System Interface Working Group
� Workshops and Conferences
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Recent SDR Forum Workshops and Conference

· Annual International Technical Conference and Produ ct 
Expo

· MPHPT workshop co-sponsored with IEICE Study Group
· Workshop on Reconfigurable Logic
· Workshops on Smart Antennas- Virginia Tech/Hanyang University
· Workshop with SCOUT Project
· Workshop with on System Issues with E2R Project
· Workshop in Taipei
· Workshops with regulators around the world
· Workshop on Public Safety issues
· Workshop on Software Portability
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Waveform Development



Oct 4-5, 2004           
© 2004 General Dynamics, All rights reserved. 20Part 1

© 2004 General Dynamics, All rights reserved.

SDR Waveform Development

· Primary objectives:
� WAVEFORM PORTABILITY across different 

hardware platforms
� Waveform Object Portability for new waveform 

develoment
� Ability to support new waveforms after equipment is 

fielded
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Types of Waveform Portability

1) Existing Library of validated WF Objects
� JTRS Library
� Commercially available Tool and Chip Vendor IP Library

2) Multiple Waveforms via Parameterization
3) Reuse SW Objects between waveforms
4) Retarget SW Objects to new HW platforms
5) Retarget Firmware (VHDL) to new components 

or upgraded components
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Maximum Portability Demands Implementation Independence
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Waveform HAL Goals to achieve Maximum Portability between 
SCA Compliant JTR Sets

· Waveform Specification must be:
� Vendor Independent (tools, chips, architecture)
� Hardware Implementation (Resource) Independent

� The specification should not imply a specific implementation, or limit 
changing capabilities.

� Technology Generation Independent
� The specification should live through many generations of technology. 

Today’s FPGA implementation may run on a GPP in the future.
� Executable to allow Validation of Implementation

� An executable specification allows bit exact implementation validation and 
A/B performance comparisons of the implementation to the spec to validate 
function and performance.

� Consistent with Current Industry Development Methodologies
� Developers work in signal processing tools: MATLAB/Simulink,  RTL (VHDL, 

Verilog), Rational Rose UML / XML and logic simulation tools. A 
Specification must be consistent with these tools and methods.
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SDR Waveform Development 

· WAVEFORM PORTABILITY across different hardware 
platforms
� Need Standardized: 

� Bios, OS, Board Support Package Drivers
� Core Framework
� Waveform APIs
� Hardware Abstraction Layer APIs
� RFFE and RF Externals APIs
� Waveform Download Protocols
� Network Services

� Ability to move waveform & protocol processing to types of 
resources available – GPP / DSP / FPGA

� The waveform must be abstracted to a high enough 
representation that tools are available to compile the waveform 
representation to GPP, DSP or FPGA implementation, and use 
what is available from each



Oct 4-5, 2004           
© 2004 General Dynamics, All rights reserved. 25Part 1

© 2004 General Dynamics, All rights reserved.

SDR Waveform Development

· Ability to support new waveforms after 
equipment is fielded
� Architecture, Architecture, Architecture
� RF and digital resources must anticipate the range of 

waveforms and protocols from legacy waveforms to 
next generation waveforms

� Must support standardized download protocols
� Ability to determine available resources and select 

appropriate SW versions
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Waveform Software Development Process

· 4 steps

· Floating-Point Model
� Implementation Independent Model

· Fixed-Point Model
� Implementation Specific Model

· Code Implementation
· System Integration

� As built model

Floating-Point Model

Fixed-Point Model

Code Implementation

System Integration
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Waveform Software Development Process

· Step 1

· Floating-Point Model   - Implementation Independent Model
� Evaluation of available WF library objects
� TX, channel, RX, performance analysis
� Network protocol behaviors
� Tradeoffs

� Initial resource allocation
� Memory and clock speed performance requirements 
� Size, weight, power vs waveform requirements optimization
� SWAP Signal processing architecture optimization
� Control flow from  HMI and embedded waveform controls

� Computational load analysis, memory analysis, bus bandwidth analysis
� Documentation

� Waveform Requirements Spec
� System Spec
� Executable Model
� Model User Manual
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Waveform Software Development Process

· Step 2
· Fixed-Point Model  - Implementation Specific Model

� Implementation loss analysis
� Includes model of artifacts from

� RF front end, IF & A/D D/A, I/Q balance, DC Offsets, Intermods –
spurs, overload, low signal level, interaction w AGC / APC / filters, 
integer math signal processing, 

� Dynamic range and limit cycle noise
� Platform Architecture selection
� Resource allocation for each object
� Define saturation, rounding, truncation
� Interprocessor communication 
� Latency and control loop stability

� Documentation
� Requirements traceability to floating point model
� Test & validation bit exact test suite, corner conditions
� Waveform Detailed Design Spec
� Waveform Software Development Plan
� Waveform Test Plan
� Executable model
� Model Users Manual
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Waveform Software Development Process

· Step 3

· Code Implementation
� Interface to Core Framework, OS, Infrastructure, Board Support Package, 

Drivers, BIOS, Radio Services
� Integrate GUI/HMI control, waveform state transition controls
� Signal Processing

� GPP Code, Memory Management
� DSP Code, Memory Management
� FPGA VHDL – degree of parallelism, 

� AND YES MICROCODE for the Micro-sequenced state machines
� Code production, unit test, profiling, memory management, unit test, 

validation bit exact regression test, robust behavior test
� Match up APIs, Network Services, BSPs, Drivers, Core Framework calls, 

MIB control functions
� Documentation

� Waveform Porting Plan, Report
� Waveform Software Design Description
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Waveform Software Development Process

· Step 4

· System Integration
� Integration of all resources
� Bit exact system validation regression test
� Validation of resource utilization (MIPS, Mbytes, memory 

leakage, bus bandwidth, latency)
� System stability and robustness to extreme conditions
� Robustness to HMI usage
� Interoperability validation
� Documentation

� Waveform Software Test Report
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Design Trade-Space Analysis

· Performance Trades
� Signal Processing Architecture
� Closed loop, open loop, 
� Frequency domain, time domain
� Oversampling - Decimation rates, Filter complexity
� Acq time, track stability

· Size-Weight-Power-Cost Trades
� Power sensitive algorithms
� Memory intensive vs algorithmic intensive
� Hardware vs power dissipation 

� FPGA multiprocessor parallelism vs micro-sequenced MAC/ALU  
� Power efficiency vs leakage power for each processing resource
� Reserve processing capacity for future expansion vs cost

Performance metric

Architecture
Choices

Mem Size

DC Power

Parts Cost
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The Value of Model-Based Design

Model-Based Design
· Executable specification
· Design with simulation
· Implementation through 

code generation
· Continuous test and 

verification

Innovation
· Rapid design iterations
· “What-if” studies
· Unique features and differentiators

Quality 
· Reduce design errors
· Minimize hand coding errors
· Unambiguous communication internally 

and externally

Cost
· Reduce expensive physical prototypes
· Reduce re-work
· Reduce testing

Time-to-market
· Get it right the first time
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Model elaboration

Design ImplementationRequirements and 
Specifications

Test and 
Verification

Advantages of Model-Based Design

Continuous verification

Executable models
-unambiguous
-only “one truth”

Automatic code generation
-minimizes coding errors

Test with Design   
- detects errors earlier

Simulation
-reduces “real” prototypes
-systematic “what-if”
analysis

���
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Process Improvement - Error Rate Reduction

· Known baseline performance
· Traceable implementation degradations
· Traceable implementation validation back to 

original requirements
· Use of validated tools and bit exact testing 

dramatically reduces human introduced errors, 
contains errors within each development phase

3x       10X
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Comments on MathWorks Release 14

· Great new uses for graphical pan and zoom 
capabilities

· We like new IP blocks – equalizers
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Conclusions           And       Recommendations

· MATLAB and Simulink are 
currently the most popular 
industry method of specifying a 
waveform at a hardware 
independent level 

· MATLAB and Simulink integrate 
nicely with tools from chip 
vendors to provide much 
simplification of WF 
development SW

· Simulink is the most convenient 
method of providing traceability 
from WF requirements to actual 
implementation

· Major Market Shifts are enabled  
by the advancement of 
Standardized OS, CF, APIs, and 
WF IP libraries

� The tools should support the 
industry by recognizing these 
trends and aiding the SW 
engineer


