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Development of a Demonstrator Radar Signal 
Processor Using GEDAE
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• Algorithm Lifecycle - Colin

• GEDAE Technical Capabilities Used

• Productivity Benefits

• Configuration Control
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PROJECT CONTEXT
• Rapid development of Small Multi-Function Radar

• Multi-mode Signal Processing application to be 
implemented using GEDAE Toolset

• Aim to explore changes in formal design methods, 
to maximise productivity benefits

• Team Resources: Multi-Site / Multi-Discipline

• Project Objectives:
• Realise signal processing application

• Develop methods/processes & explore effectiveness

• Further AMS' analysis of the technical capabilities of GEDAE
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APPLICATION REQUIREMENT
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Signal Processor Unit - Essential Application Capabilities Required
• Control other radar subsystems, enabling radar TX/RX
• Digitise signals from Intermediate Frequency channels
• Provide radar plot output to Data Processing
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APPLICATION REQUIREMENT
FIRST CUT DEMONSTRATOR REQUIREMENTS

• Control
• Enable Local Control of SPU via Human Control 

Interface

• Co-ordinate control of I/O peripherals.

• Co-ordinate algorithms applied to radar data

• Apply limited processing algorithm suite: Digital 
Pulse Compression. Moving Target Detection.

• Perform monitoring/recording.
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APPLICATION REQUIREMENT
REQUIREMENTS ADDRESSED TO DATE

• Control
• Enable Local Control of SPU via Human Control 

Interface

• Co-ordinate control of I/O peripherals.

• Co-ordinate algorithms applied

• Apply limited processing algorithm suite: Digital 
Pulse Compression. Moving Target Detection

• Perform monitoring/recording
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METHODOLOGY

Iterative Risk Driven Lifecycle - Based on that 
proposed by ESPADON (to be presented this afternoon).

• Focus on Rapid Prototyping of Signal Processing Applications

• Requirements used to identify risk items

• Conduct development iteration(s), for each identified risk, at end of 
which solution is accepted  - or risk is better understood in later 
iteration(s).

• Application refined / system components mature through: 
Specification, Functional Design, Architectural Design, Final 
Implementation

• Appropriate development environment enables iterative 
development, and ensures major productivity gains through 
efficient reuse.
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ITERATIVE / SPIRAL RISK DRIVEN LIFECYCLE
Phase 1:
Analysis and Selection of the requirements
allocated to SP Subsystem

GO/NO GO

Phase 2:
Definition of SP Subsystem

Phase 4:
Validation of SP
Subsystem

Phase 3:
Development
of SP Subsystem
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INCREASING LEVEL OF REFINEMENT

Spiral Model Representation
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Development of a Demonstrator Radar Signal 
Processor Using GEDAE

• Project Context

• Application Requirement

• ESPADON Methodology

• Algorithm Lifecycle
• The Algorithm Lifecycle

• The Simulation Framework

• Integration of Analysis and Implementation Stages

• The Matrix Structure for Simulation

• Simulation control using parallel data and parameter token  streams

• GEDAE Technical Capabilities Used

• Productivity Benefits

• Configuration Control

• Conclusions

• Future Work



10

Mapping from Algorithm Lifecycle Stage to Language

Example Languages
Mathcad

Matlab

Algorithm Lifecycle -->
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Document

C-code Gedae
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Components of Algorithm Environment
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• Algorithm environment is composed of 3 elements :-
• Stimulus

• Algorithm representation - Device under test (DUT)

• Response Analysis

• This structure persists throughout development lifecycle ( & use) 

• Stimulus and DUT Elements may be real or simulated or hybrid
• e.g. stimulus signal = real background + simulated signal

• DUT = real equipment + simulated upgrade
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STIMULUS - DUT - RESPONSE ANALYSIS MAPPING FOR 
PROCESSOR ALGORITHM SET
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Translation of Algorithm Set into Implementation 
Environment

Stimulus

Environment 
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TRANSLATION 1 ->

TRANSLATION 2 ->

• Traditionally, two 
stages of algorithm 
set translation are 
required

• Translation of 
stimulus and 
response analysis 
is also needed

• Separating two 
executable stages 
by a non-
executable stage is 
particularly 
inefficient

<- TRANSLATION 3
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Translation of Algorithm Set into Implementation 
Environment
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ALGORITHM
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TRANSLATION 1

TRANSLATION 2

• An executable 
representation 
removes the first 
translation

Executable

Implementable• A direct 
implementation of 
the executable 
representation 
reduces the second 
translation

TRANSLATION 3 ->
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The Final Integrated Simulation and Implementation 
Environment

Stimulus

Environment 
Generation

Response
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Simulation & Implementation Environment

Algorithm
set

EXECUTABLE
REPRESENTATION

IMPLEMENT

• The stimulus and response 
elements developed for 
algorithm development are 
re-used for implementation 
testing

• Simulation and 
implementation 
environments merge into a 
single evolving environment

• Repeating the testing from 
the performance analysis 
stage on the implementation 
closes the loop between 
system objectives and 
performance of the final 
implementation

Device 
Under 
Test

Response
Analysis

Algorithm
set
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STIMULUS - DUT- RESPONSE MATRIX APPLICATION ?
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STIMULUS - DUT- RESPONSE MATRIX with DATA FILE Interface
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STIMULUS - DUT- RESPONSE FOR IMPLEMENTATION TEST HARNESS
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Managing Simulation using Parameter-controlled Data Flow 
through Simulation Elements
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RADAR
MANAGEMENT
extendable from 
single one-shot 
task for proving 
single function
e.g. DPC filter

to dynamic task 
scheduling
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Data and Parameter Block Token Streams
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Data and Parameter Block Token Streams
- example based on pulsed radar system Burst p
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• Radar receives train of 
coherent bursts of m 
pri’s, each with  m 
range samples

• n+m change from burst 
to burst

• n*1 - single pri test eg 
pulse compression

• 1*m - single range test 
eg MTD filtering

• n*m - area test - eg 
area CFAR

• n*m*p - multiple burst 
test - eg Doppler/Range 
ambiguity resolution

R
ange n

PRI m
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From stimulus generator To response analysis 
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GEDAE TECHNICAL CAPABILITIES USED

Task 
Schedule 

Text
File

GEDAE

Read 
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Output Data
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Process 
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LINKED LIST
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……
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SPU APPLICATION CONTROL - GEDAE Data Base Manipulation
• Task Schedule Text File Input
• Populate and Maintain Linked List of pending bursts
• Pass oldest burst parameter record to SPU application
• De-couples Text File read from Downstream Processing



24

IDLE
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Design GEDAE Implementation

GEDAE TECHNICAL CAPABILITIES USED

SPU APPLICATION CONTROL - GEDAE Finite State Machine
• Application Management Function
• Maintain knowledge of current state of SPU
• Respond to events from Human Control Interface
• Hierarchical boxes form FSM components
• Easy to implement FSM design using GEDAE.
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GEDAE TECHNICAL CAPABILITIES USED

User Task Schedule 
Parameter text file 
selection control

User Task Schedule 
file execution control

SPU APPLICATION CONTROL - Simple HCI GUI
• Enable User Event Input.
• Easy construction using GEDAE library components.



26

GEDAE TECHNICAL CAPABILITIES USED

Variable Vector
Stream

Fixed Vector
Stream

MEASURED VARIABLE VECTOR
PROCESSING OVERHEAD

Simple Function (Add constant to vector)  - 26%

Complex Function (Real FFT of Vector)      - 12%

SPU ALGORITHM IMPLEMENTATION - Variable Vector Primitives
• Extreme variability in burst data set size.
• Too many possible data set sizes for static ‘branch-merge’ data flow.
• Variable vector primitives - control without complex flowgraphs
• Processing overhead incurred.
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GEDAE TECHNICAL CAPABILITIES USED

Internal Data 
Flows 
Monitored

Grey-Scale ‘Plan 
View’ Range/ 
Doppler Map

SPU MONITORING
• Easy construction using GEDAE library components.
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GEDAE TECHNICAL CAPABILITIES USED

CUSTOM PRIMITIVES
Current SPU Prototype contains:

• 120 different primitives, each used 1 or more times

• 10% of which are custom primitives

Custom Primitives Necessary for:

• ‘Non-standard’ behaviour

• Optimisation of performance

• Interaction with environment
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PRODUCTIVITY
Qualitative assessment from work to date:

• At project start, much effort spent on more ‘traditional 
sequential’ development: Environmental/Behavioural analysis 

• Once prototyping started, significant progress made in short 
time. Demonstrable ‘complete’ radar signal processing 
application implemented in 13 man weeks

• Analysis and Implementation iterations conducted in parallel

• Significant benefits seen through use of common graphical 
modelling toolset: GEDAE

• Enabled controlled rapid iterations

• Assisted efficient multi-site/multi-discipline team working

• Promoted efficient reuse of items (particularly in seamless 
transfer of workproducts between Performance Analysis and 
SPU Implementation).
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CONFIGURATION CONTROL

Using SNiFF+ source code development environment (driving RCS).

• Development work carried out in GEDAE as normal

• New releases of GEDAE made available to users through 
repeatable configuration management process

• Configuration control of separate project workproducts and 
reusable items. Different projects can use different GEDAE issues

• Efficient disk usage - users work in controlled project areas 
managed by SNiFF+ - not home worlds.

Using Wind River Systems, Inc. SNiFF+TM Tool
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CONCLUSIONS
Demonstrable GEDAE radar signal processing 

application implemented in short time scale
• Control; Finite State Machine, Data Base 

Manipulation and Simple GUI used to realise an 
efficient reusable implementation; expected to feed 
forward to final implementation.

• Algorithms implemented using variable vector 
primitives - simplifies flowgraphs. Processing 
overhead quantified and resulting risk will be 
monitored in future GEDAE releases.
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CONCLUSIONS
• Development lifecycle proposed by ESPADON 

applied

• Use of GEDAE has enabled integration of 
algorithm lifecycle stages

• Most significant benefits from use of GEDAE 
toolset and methods piloted:

• Enabled controlled rapid iterations

• Increased efficiency in technical communication in multi-site, 
multi-discipline team

• Promoted re-use of workproducts

• Company wide workshare environment 
implemented and being successfully used.
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FURTHER WORK
Further development iterations to implement:

• I/O Peripheral control (particularly high bandwidth radar data 
input, and real-time control)

• Embedding / Benchmarking / Optimisation of application

• Develop more sophisticated monitoring/recording

Further assessment/refinement of processes:
• Application Development

• Reuse of workproducts - design for reuse.
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QUESTIONS?

Eastwood House, Glebe Road
Chelmsford, Essex, CM1 1QW

United Kingdom
T: +44 1245 702702

Via Tiburtina, Km 12.400
00131, Roma

Italia
T: +39 0641 883325

www.amsjv.com
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