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Develop subsystem models:

«  Aerodynamics

«  Structural bending

« Inertial Measurement Unit (IMU)
« Laser Information Field (LIF)

« Semi-Active laser (SAL)

«  Control Actuation System (CAS)
 Rocket motor(s)

Missile dynamics

«  Canister exit model
 Launch platform

«  Guidance algorithms
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I Guidance algorithm design

« Controllers developed at key operating points
* Based on a contfinuous linearised/idealised model

Algorithm

 Algorithm design iteration may be required Design
« Discrete versions of algorithms created » l:
» Performance quantified in 6DOF simulation A} [

* [teration may be needed

Linearise aero functions at fixed Mach <

-~
~

Create continuous controllers for fixed Mach number |<----------» Tl
\l/ No \\\\
Test continuous controllers in 6DOF simulation (variable Mach) Good performance? N
Yes \

No

Test discrete controllers in 6DOF simulation Good performance?

Yes

Proceed to code generation
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Testing in non-real fime - Simulink 6DOF Simulation

Discrete version

AN Ensure system performance integrity

1 from continuous to discrete domain

Continuous version
N Aerodynamics and kinematics

: . .
: Control surface Disturbance noise
Guidance and Actuator position

control algorithms model(s)

Equations of motion

Aero coefficient tables

Sensor performance models

Force and moments experienced by missile

Specific Data visible to missile (with noise) - - Specific Data visible to missile
Data Link Noise Model
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I Autocode algorithms onto target - C

« Common autocode configuration settings across
projects for code standard consistency

* Run Monte Carlo simulations replacing algorithms with
autogenerated code

* Open loop tests using 6DOF generated test vectors
performed on target hardware

* Verify executable code integrity and assess coverage

Discrete control algorithms Code generation Test bench
! A
Embed code in 6DOF tests Open loop 6DOF test data
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I Autocode algorithms onto target - HDL

« Common autocode configuration settings across
projects for code standard consistency

* Fixed point model required

» Open loop tests using 6DOF generated test vectors
performed on target hardware

« Check executable code integrity and assess coverage

Fixed point control algorithms Code generation MODELSIM Test bench
N N\
6DOF simulation Open loop 6DOF testdata [------------- '
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I LMM Laser Beam Riding (LBR) HIL key components

Missile Electronics Warhead
Tail Assembl 2 Stage Guidance

« Guidance Processing Unit sl PrrossingUnt . Control

+ Generate elevator angle demands oe

« Simultaneously roll stabilise missile nose Laser Recelvers, o
- Fin Control Actuation System Beara TIPS e proximity Sensor

* Implement fin confrol algorithms
sysiem EmUIaiors LBR SYSTEM [ :%‘ﬂg‘:‘g?;:;meemd

e Laser Information Field emulator

* Provides missile with its position

 Inertial Measurement Unit emulator

* Provides missile with rates and accelerations
for inertial reference calculations

LBR MISSILE = e A2 FIAC TARGET
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» Autocoded algorithms implemented on hardware

* Simulink Real Time version of 6DOF simulation created

« May require simplification - Larger step-size, remove high
frequency dynamics, limit real time comms

* Model subsystems can be gradually removed from the
6DOF simulation and replaced with hardware or
hardware emulators

« Run Monte-Carlo real time simulations on real time
target

« Simulation version of algorithms can run on real fime
target in parallel to permit debugging
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LMM Laser Beam Riding (LBR) HIL simulation
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Close guidance loop with either:

* Fin deflections from actual missile hardware

« Fin deflections from real time 6DOF simulation

Fin deflection angles

! Simulation !

> : Aerodynamics
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I Verification and validation
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« HIL simulation is a key part of pre-flight tests

« Hardware stimulated closed-loop with realistic flight data
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validated against flight telemetry data
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I Next steps

Missile Hardware Real Time Computer
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Real Time Sensor Emulation Real Time Scenario Generation
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