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Navigation et
Guidages intertiels
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Main Characteristics of a Navigation System

Merging of multi sensors critical data Inertial,Baro-Anemo&GPS
Complex temporal finite state machines, at high freq uency

Sophisticated high order digital filtering, at sensor S level

Kalman filtering (45 to 50 states ), large matrix computation ( 24X24) and
huge data flows

Strong architecture requirements:
Organisation of computation shall mix slow and fast data variations
Sophisticated filtering:  up to 30 Kalman filters ,at 20 to 25Hz
Frequency of operation: mainly 100Hz to 500Hz, up to 1 to 2KHz
Calculus accuracy: float 64 bits
GPS Data - size of the arrays = 24

System design and software architecture shall be clos ely
Inter-related, due to an important computation need
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10 Reasons to Change System & Software Process

Increasing functional complexity of Navigation Systems

Larger number of data to manage (sensors fusion)

More stringent safety/certification requirements

Validation, verification, traceability, justificati on are growing tasks
Critical software development cost becomes too high

Less time to develop

Unstability of specifi cation s (need for constant adjustments)
Requests for changes on product all along the developme nt
Many derived products imply to master the re-use of soft ware

Need for IP ma nagement to maintain a product line during decades
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5 Reasons to choose Model Driven Engineering

Functional complexity is handled at a more abstract ed level

Enforce the safety-critical requirements, from the beginning of the
process

Design refinement iterations are enabled all along the process
Documentation for the certification is built earlie r

More automation of low-level tasks to cope with tim e & cost
constraints

Nevertheless, it implies a dedicated organisation with In every
project, in order to take benefit of this powerful appro ach
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Key Success Is System / Software Coordination

We have tried to establish the conditions of succes s and the way of
specifying, then designing _ software of future Navigation Systems

This innovative concept relies on:

A unique model for system and software views = the SCADE
Executable Spec

A joint system/software analysis phase ,organized i n 2 steps:

Executable spec level 1 : the objective is to mutually define and
acknowledge the system / software architecture and safety

Executable spec level 2 : the objective is to refine the executable spec
to finalize the data flow dictionary, suppress the ambiguities and other
potential errors, and finally verify this executabl e spec against the
system simulation environment(co-simulation)

This fundamental software specification step can be achieved
when system and software engineers work in close co ordination.

Then, a “common target” is fully shared.
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Long history of SCADE Usage at Sagem Défense Sécurité

SCADE 6.0 Navigation
Systems
SCADE 5.1
Function

SCADE 4.2 -
Helicopter
SCADE 3.1 Autopilots

1994 2005 2006 2007

Sagem Défense Sécurité has decided to evaluate the
deployment of SCADE 6 for its Navigation Systems.

A Proof of Concept phase took place during the year 2007.
This is adressed in the following slides
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SCADE 6 Proof Of Concept (1/2)

Proof Of Concept (POC):

Short and partial realization of a SCADE model

Objective: demonstrate SCADE applicability to Naviga  tion
functions

Performed with Esterel Technologies support

Exercized on 4 types of Navigation functions:

HF Inertial filtering, 3 GPS typical examples (lonosp  heric
Correction, Channels state machine, Parity Matrix comp uting)

Sucess Criteria:
Executation time vs frequency computation
80 % application coverage
Minimization of Time & Cost To Develop
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SCADE 6 Proof Of Concept (2/2)

SCADE configuration:
SCADE 6.0 beta and « FCS ».

All SCADE modules have been exercised
SCADE Editor
SCADE Simulator
SCADE Model Test Coverage
SCADE Design Verifier
SCADE C Qualifiable Code Generator (KCG)
Configuration Management Gateway

Benchmarking Target:
MPC 8270, 400 MHz, with SRAM memory

Language/compilation:
C diab Data
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HF Inertial filtering

TBmOrienta

Vect3_T

}_

Compensated

3
Product_tloat_V]

Vect3_ T

ect

FQ_2KHZ

[: Vect3_ T

PQR_unfiltered_outpy

bool

SamplerReady

DIVIDED —<2 |

cMAX RANGE 4|

«Ce document et les informations qu'il contient sont la propriété de Sagem Défense Sécurité. lIs ne doivent pas étre copiés ni communiqués a un tiers sans l'autorisation préalable et écrite de Sagem Défense Sécurité».

T

ionMatrix

Product_Matrix_Vect

FILTER2_LF_2000HZ

Monitoring

PQR_unfiltered_LR_internal_outputs

PQR_u ngered_outputs_L: Vect3 T

OOIPQR_u nfiltered_outputs

SamplerReady

PQR_unfiltered_LR_outputs

PQR_filtered_outputs

PQR_dot_outputs

int 5
T_10ms . Vect3_T
Sampler —_>
ang_rate_xyz b_outputs int 1
T_4ms [samplermonitor b
ng
2 1 Vectd T
real "] —
int
; Vect3 [T Yeztpd —" 7
F"terﬁ"o‘ﬁ’gass—s—- PQR_unfiltered ] Vects T
-Ran Vect3_T Sampler — >
Filter2_T . T 20ms 'l L .
Vect3 T S, | —Vect3_T>
ect3 ampler
®— PQR_filtered
it
T_20ms }—L_ 8
1 Vect3_T
Vect3 T Sampler —
PQR _dot Vect3 T

bool >

MonitoringStatusBody Angular

>

ang_acc_xyz b_outputs

13

JCDerrien SCADE UGC — Toulouse, 25/10/07



HF Inertial filtering
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HF Inertial filtering Benchmark

The execution time allocation comes from a manual
optimized C code implementation:

Complex function running at 500Hz
Result with SCADE 6 FCS: factor # 1.30 wrt manual codin g score
Optimization is on going, with SCADE 6.0 General Rele ase

There is a deal to balance minimal extra computation need
with reduction of development and certification cost & t Ime

SCADE architecture very traceable wrt the system req  uirements

SCADE architecture designed from system requirement S in record
time: 2 weeks

Some data structures required some optimization when refining
the model
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GPS:.Standardized lonospheric Correction Algorithm

Trigonometric and algebric
computation
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Standardized lonospheric Correction Algorithm Benchma rk

nmp PPC8270| PPC8270

Freq 400 MHz 400 MHz
Language C C KCG
manual SCADE

Time 16,5 nB 18,75 nm

For a better performance gain, SCADE has beenused  with *inline”
functions (KCG replaces the call with the function c ode) Ccode

IS less legible.
Time expansion factor between C KCG SCADE and C man wual# 1.14
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GPS::Channels State Machine

State Machine with
algorithm insertion
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Channels State Machine Benchmark

Evaluation of SCADE State Machines:

Finite State Machine = state & transition, including ins ertion of
algorithms in states

SCADE 6 State Machines code generation will be qualif  ied
according to DO-178B, level A

SCADE State Machines are easy to implement

Simulation of State Machines is easy to use

Quantitative benchmark is on going
Function running at 1KHz

Good results are expected
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GPS:: Parity Matrix Computation

Software package for computing matrix
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Parity Matrix Computation Benchmark

Evaluation of Matrix Computation with SCADE
Creation of a library of matrix computation
Application of optimization techniques for large sca le matrix algebra

Optimization of libraries by design iteration, takin g into account
internal structure of matrices

Simulator of the SCADE 6 FCS version has been ranke d
as slow for such a simulation

SCADE 6 general release simulator should solve the problem —to be
evaluated

Execution time

Reference: 3000 ps, manually coded generic matrix libra  ry
From 4000 pus to 1750 us with SCADE 6 in a rather short  time
Finally, a gain on the execution time
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Conclusion and Future Work (1/3)

Positive results of this POC phase ,on some typical exa mples of
Navigation functions, have been presented

Sagem Défense Sécurité has consolidated the choice of S  CADE
Version 6 ,for future software developments of Navi  gation
Systems

Sagem is ready to implement the V6 SCADE Suite process, with
Its existing tools (MTC,KCG,CVK....)

Assuming that DO-178B level A gualification of SCADE 6 IS
obtained on-time by Esterel Technologies, compatible with Sagem
programs schedule
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Conclusion and Future work (2/3)

An economic study is being performed to evaluate:

SCADE full applicability - Goal: closeto  75% of navigation
functions covered by SCADE Suite (excluding EQSW parts )

ROI: goal is to obtain a balanced result on the first
development (within < 18 months )

Needs for training amongst system and software teams
Optimization of number of tools licences and cost

Optimization of certification strategy (wrt qualificat lon of
verification tools)
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Conclusion and Future Work (3/3)

When all these activities are completed, Sagem Défense Sécurité
will evaluate benefits for generalization of this approa ch on
other product-lines,via new POC phases.

Main tracks are:
*Cockpit Display systems
*Guidance and Control systems
*UCAV Avionics

*Smart sensors & actuators, using digital techniques
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