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INTRODUCTION

d The ESA AAML (Avionics Architecture Modelling Language)
study aims at advancing the avionics engineering practices
towards a model-based approach.

0 Consortium led by GMV:

KK\ (Y e
d2esa QYW Thalestiens

=  GMV’s tasks: specification of the analyses (algorithms), identification of specialized
modelling entities, implementation of the modelling language, graphical editor,
modelling environment, analysis tools and use case.

» Thales’s tasks: selection of use cases, identification of relevant analyses (input,

outputs and tasks in each development phase), identification of modelling entities
and design views.

4 Project Kick-Off Meeting on February 2013.
O Project Acceptance Review on April 2014.
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SCOPE AND BACKGROUND (1/72)

O Defining an avionic architecture for a given project means making several

key architecture choices and sizing several performance parameters.

O The selection is usually based on:

The architect’s expertise and background.

Avionics-specific analyses (to perform trade-offs).

-

Traditional process:

Each type of analysis is based on a dedicated model (sometimes ad-hoc to

solve a particular problem).

Some training is required to be used effectively.

~

\
-

AAML model-based approach:

L

Usage of a single architectural model.
The same input (i.e., single source model) is used to perform different

avionics analyses.

The analyses cover most of the phases of the life-cycle.

J
\
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SCOPE AND BACKGROUND (2/2)

Confirm £ adjust the design

D Advantag eS : fCIIICIW."ﬂQ E'HE:'J}FS."S resLits
» |t allows architects to trace their

Initial wersions of Ferform coarse- .
the design model grained aralysis | 4 Design space
e ) exploration
decisions during the model

refinement iterations. Refine the Solfion

foliowing anal'sis resuits

= Facilitates the reuse m

(e.g., instantiation off-the-shelf Detailed varsions of Perform fine- | b Solution
CompC)nentS) . the design model grained analysis refinement

4 Contribution to the objectives
of the SAVOIR initiative:

=  Opportunity to bridge (or make closer) "
the S/C, avionics and SW paradigms.

= Improves the consistency. [

SpaceCraft System

= It provides further results to be Avionics System

considered in the definition of the Sub-Systems
On-Board Software Reference (AOCS, TCS, TTC, OBSW, ...) v

Architecture (OSRA).

Bottom-up
umop-do |
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STUDY OBJECTIVES

0 The objectives of this study are threefold:

1. Specification of avionics-relevant analyses.

The identification and detailed specification of the analyses relevant to
support the avionics architectural design.

It includes the prioritization of the various analyses with respect to their
added value to the architects.

2. Specification of modelling language features.

The specification of the modelling language features necessary to support
the identified avionics-relevant analyses.

3. Demonstration and prototyping.

The prototyping of software tooling to demonstrate the automation of the
selected analyses based on a modelling language that complies to the
specification defined within this study.
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STUDY
ACTIVITIES
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STUDY ACTIVITIES

J Three main activities:

= Activity 1. Specification of the avionics-relevant analyses.

= Activity 2. Specification of the modelling language features.

= Activity 3. Demonstration and prototyping.
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ACTIVITY 1 — EVALUATION OF AVIONICS-
RELEVANT ANALYSES

O Several Use Cases were selected from real missions:
= Goal: Identify the relevant avionics analyses and their priorities.

. Missions: Sentinel 3, GOKTurk, Herschel/Planck, MTG and ExoMars.

0 Result: A catalogue and a complete description of all the analyses of interest
for the avionics design in the different phases of development, including their
inputs and expected results.

Analysis Priority Complexity Weight on Design
Satellite mode definition, RAMS, FDIR and HIGH HIGH HIGH

autonomy concept

Design consistency and correctness checks HIGH LOW HIGH
Commandability and observability MEDIUM = HIGH | MEDIUM LOW

Bus load and data latency LOW > HIGH LOW > HIGH MEDIUM
Space/ground communication LOW-> HIGH HIGH LOW > MEDIUM
Avionics resources MEDIUM LOW MEDIUM

On-board functions and performance MEDIUM MEDIUM MEDIUM

Power and mass MEDIUM LOW MEDIUM

=
ThalesA|en|a
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ACTIVITY 1 — SELECTION OF AVIONICS-
RELEVANT ANALYSES

d Selection of 3 analyses:

= Analysis of the  Relevance for the e Commandability and
priority, impact on Space Domain. observability.
th_e_delglgn fnﬁ - Complexity of the - Bus load and data
criticality of the implementation. latency.
analyses in different ] _
missions. e The connection * On-board functions
among them. and performance.

 Detailed description
of each analysis
(including the inputs,
outputs and tasks
along the different
phases of the
development).

O Selection of the use case: Sentinel 3 mission.
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ACTIVITY 1 — COMI\/IANDABILITY AND
OBSERVABILITY ANALYSIS
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d Goal: Size the RF communication system.

O Metrics: Data throughput [bps], link occupation [%0], link
occupation margin.

= Coarse-grained analysis (Phases: O to B). Few information on the
equipment needs in terms of TM/TC is available. Estimations are
made based on the information defined and on the knowledge of
similar missions.

= Fine-grained analysis (Phases: C to F). It is based on accurate real
data at equipment level.
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ACTIVITY 1 — BUS LOAD AND DATA
LATENCY ANALYSIS (1/72)

O Bus load and data latency: RS-422/RS-232/RS-485.
= Goal: Size the RS-422/RS-232/RS-485 serial links.

= Metrics: Data latency [ms], message transmission time [ms], bus
load [%], bus margin, bus utilization.

o Coarse-grained analysis (Phases: O to B). The message size is based on
estimations.

o Fine-grained analysis (Phases: C to D). Accurate real inputs are used.
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ACTIVITY 1 — BUS LOAD AND DATA
LATENCY ANALYSIS (2/2)

O Bus load and data latency: MIL-STD-1553.

= Goal: Size the MIL-STD-1553 bus.
Note. Only BC-RT and RT-BC patterns are considered.

= MIL-STD-1553 schedulability analysis.

= Coarse-grained analysis (Phases: O to B). Message size is based on
estimations and the bus occupation profile is not defined.

o Metrics: Data latency [ms], message transmission time [ms], bus load
per minor frame [%], bus load per major frame [%0].

= Fine-grained analysis (Phases: C to D). All the inputs required at
equipment level are available.

o Metrics: Data latency [ms], message transmission time [ms], bus load
[26], bus margin [%], bus utilization [%0].
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ACTIVITY 1 — ON- BOARD FUNCTIONS AND
PERFORMANCE ANALYSIS

O Goal: Analyse the CPU load and memory sizing.

= CPU Metrics: CPU usage [%], CPU throughput [MIPS], CPU usage
margin [%0].

o Coarse-grained analysis (Phases: O to B). WCET cannot be measured. It
iIs computed based on estimations on the size of the code.

o Fine-grained analysis (Phases: C to F) based on the WCET already
available.

= Memory Metrics: Non-volatile/volatile memory size [MB], non-
volatile/volatile memory margins[%o].

o Coarse-grained analysis (Phases: O to B). A default stack size is
assigned.

o Fine-grained analysis (Phases: C to F). The stack size of each function is
computed.
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STUDY ACTIVITIES

J Three main activities:

= Activity 1. Specification of the avionics-relevant analyses.

= Activity 2. Specification of the modelling language features.

= Activity 3. Demonstration and prototyping.
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ACTIVITY 2 — AAML I\/IODELLING PROCESS

e Used to design the avionics system as a set of high-
level functions.

\YRIEI - |t answers directly to what the avionics is supposed to
Functional do.

Definition

» Representation of how the system will work so as to

Logical fulfil the requirements and expectations of the users.

Architecture
Definition

uoniuyad
salliadoud [euoiloung-uon

» It represents how the system will be concretely
Physical developed and built using real components.

Architecture
Definition
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ACTIVITY 2 — AAML I\/IODELLING
LANGUAGE

d Definition of the AAML Modelling Language.

Entities: general entities, data model, avionic entities (e.g., avionic function, logical
component, physical components), communication entities (e.g., operation),
interaction entities (e.g., interface port), state modelling.

Non-functional properties to describe the entities in the various non-functional
dimensions of interest.

O Elaboration of Language Extension Mechanisms.

AAML is a domain specific language (DSL).
Evaluation:

o Approaches: (i) Usage of profiles or (ii) the implementation of a new meta-model
based on some metamodel language.

o Modelling languages: AADL, UML, SysML, MARTE, CHESS-ML (CHESS project) and
Space Component Model (adopted and extended in COrDeT activities for OSRA).

Selection:
o SCM was selected as the inspiration for the definition of the AAML implementation.
Implementation:

o AAML modelling language is split into two parts: AAML_Core and AAML_Extension.
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0 Definition of the
AAML Design Views.

i) Viewpoints Selection
Selected viewpoints

Change wviewpoints selection status (see tooltip for details about each
viewpoint)

K K & K X R

AAML Final Presentation

B Avionics Functional View

BB R R R E

@

Representation of a the
whole system from the
perspective of a related set
of concerns.

In AAML, there are
specialized representations
of the system according to
the avionics design phase
(Avionics Functional, Logical
and Physical Views).

Avionics Logical Wiew
Avionics Physical View
Communication View
Mapping View
MNon-Functional View
Structural and Data View

! ey — — |
I E‘i:arsl-:ctaugree Data Type Spacecraft |
i i Modes Diagram
| iagram |
L Structural and Data View 1
e e e e e pe e L e LSS e
l Event Type ) I
I | Diagram nterface Diagran] Dat;i;';r:r:ﬂ I
L Communication View |
l Avionics I | Logical I I Physical Processar I
Functional | Components I I Compaonents Board I
l Diagram I l Diagram Diagram Diagram I
| Avionics Functional View | Avionics Logical View 11 Avionics Physical View |
(oo o —  — —  —— —— ———— ——————— — I
I RF Link " — I
| Configurati L3353 1553 BC RS5422/R5232/
DHT'Q‘:'[ tan Configuration PUS Packset RS485 Conf. Operation Events I
I able Table Descriptor Table Descriptor Drescriptor I
| — — |
RF Dock 1553 BC -
1553 RT
I Messages Configuration Messages p%;RJ Dock I
; ackets
I Descriptor Table Deseriptar Dascriptor [ ——]
I Processor Board Mass Marmory I
p— ; i rmory
- = —_— pemibutes Conf M att Conf. Table | |
| pS‘gE“ 1553 BC 1552 RT UART Dok |
I o E.":t MEEE?QE PUS Packst Messages
escriptor Descriptor Drescriptor Drescriptor I
| Non-Functional View |
__________________________________ -
[ = = = = = = e e e e e e e e e e e = = === - 1
p—

Logical-Physical
Components
Mapping Table

Mapping View
AAML model

Logical-Physical
Connections
Mapping Table
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STUDY ACTIVITIES

d Three main activities:
= Activity 1. Specification of the avionics-relevant analyses.
= Activity 2. Specification of the modelling language features.

= Activity 3. Demonstration and prototyping.

AAML Final Presentation 22/05/2014 | Page 20 ‘ © GMV



ACTIVITY 3 — DEMONSTRATION AND
PROTOTYPING (1/2)

d Goal:

= Implementation of a prototype demonstrator for a graphical editor (design
views) and analyses tools.

0 Technology:

= Developed as a set of Eclipse plug-ins that configure a design and analysis
environment integrated into the Eclipse platform.

= Obeo Designer is used for the graphical editor.
O Capabilities:
= Creation/modification of an AAML model through the graphical editor.
0 Usage of different Design Views.
o Edition by means of different kinds of diagrams/tables.

= Configuration of the avionics analyses from a GUI based on Eclipse wizards.
= Execution of the avionics analyses.
= |dentification of model inconsistences.
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ACTIVITY 3 — DEMONSTRATION AND
PROTOTYPING (2/2)

O Analysis outputs:

= A file containing the analysis results.

= A file containing debug information, where the user may examine which
model elements/properties were used for computing the analysis results.

= Asetoferror/ geormemm——

e Edt Qiagram Mamdgate S ch Broject AAML Analyses Bun Window Helo

T e — o

- rre R DG o e BTN '[k:lhn'
WJarnln 2 Packs.. DMocel . 1" 0 0 e Proysical Com, |5 e LART Dock Me = ' o k)

mawe LART Dack PUL__ st ogcal Componansy i) ™
= ®r froups.

messages when e 7 s
iIssues are et
detected during e

R T e e ] Salect a model and the output foldar for analysis resuits aaml
the analysis. ]

Bsoric Functio Model: [[AAML_medelySentinedd. aam| _ Browse.. J
d Demonstration: = L I

Location j’?mnq'mnm- Bus Hon aa ,
en ine Sulect the busies) to snalyze m
=  Sentinel-3 ——
: Rk ©Error Log 14 Problems Elc:m:hi - [Bus type | is kind |4
Use Case iz 2 s + Logical Component TCSobjecth 1 PIF M1sS38 MIL_STD, 15538 o =
’ m Semantic  Fropey s >4 0 sMU_POHU RS483 ot v
b # daia — Siyke v Logicsl Component TCSot o “f"-l: POH RE4ES Fine: -
s = Appentance ssoric Funcsion 1 --5|-f|' D\HU 54!5 -
; SeectAll | Dessectal | _ AlCou | AiFie |
L] AT
. =
R J_‘
2|
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PROTOTYPE DEMONSTRATION USE CASE

d Use Case:

= |t was intended to demonstrate at full extend all the capabilities of
the AMML modelling methodology, meta-model and toolset as well
as its corresponding avionics analyses.

= |t was based on the Sentinel-3 mission.

= |t allowed:

o Exercising various analyses at avionics level based on a real case with a
classical complexity level. | |

o Ensuring that the approach — ﬁﬂ
proposed in the study was

| cnss |

compatible with the vision | == I =] ..
on the On-Board Software [ =] - spacecran [ SRAL

. 3 MTE Management |
Reference Architecture. -_we — —

- L sapm - PD“(;U 7 DIo ‘

o The use case aimed at L 1 ‘%ﬁf iy e gl H
being rich enough to [ He Luant
evaluate all the aspects | remiston } [ i ] | | hodue” | | "

Of the a roach_ Propulsion Sub-System Em J;:‘:- ceou X-Band
pp -—|-| Thrusters I | Tank il -.-: \Q—

I TTC PIF RF Sub-System i
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PROTOTYPE DEI\/IONSTRATION STEPS

e~

= Functional Architecture Definition.

= Logical Architecture Definition.

= Physical Architecture Definition.

d Execution of the analysis.
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PROTOTYPE DEI\/IONSTRATION STEPS

d Steps:

» Functional Architecture Definition.

= Logical Architecture Definition.

= Physical Architecture Definition.

d Execution of the analysis.
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PROTOTYPE DEI\/IONSTRATION STEPS

d Steps:
» Functional Architecture Definition.

= Logical Architecture Definition.

= Physical Architecture Definition.

d Execution of the analysis.
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PROTOTYPE DEI\/IONSTRAT ION — STEPS

d Steps:
= Functional Architecture Definition.
= Logical Architecture Definition.

= Physical Architecture Definition.

d Execution of the analysis.
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1553B RESULTS

0 Commandability and observability.

= TM link at very low level of occupation
(1.3-2.6%).

=  TC links:

0 Assumption of visibility window of 10 min.

T

353
153

e Modelling Language \KT
PROTOTYPE DEMONSTRATION — C&O AND

[<<Processor Board= >
EMU

UART1

SMU_RF_TM

RF_SMU_TC

0 TC upload of SRAL binary: 7974 bps, 55.1% of occupation.
0 TC upload of CSW binary: 20796 bps, 143.7% of occupation.

d Bus load: 1553B.

= Scheduling: Major frame of 1000 ms and a
minor frame of 125 ms.

= Fine-grained analysis computes a bus load of 14%.

Coarse-grained Analysis

Bus 'P/F M1553B* Mode 'Normal':
Bus load: 35.839993 %
Bus system load: 36.82166 %
Data throughput: 358400 bps
Major frame load: 36.821655 %
Minor frame load: 91.52813 %

Fine-grained Analysis
Bus load: 13.938399 %
Bus system load: 11.956026 %
Data throughput: 139384 bps

<<1553 Dock>> <<1553 Dock>>

<<1553 Dock=>
RT1553

j; RSA25
SMU_PDHU

] <<UAR] Dock=>
Dock=> UART1
Pock <<PRF Dock>> ”

<<PRF link==>
RF_TM_Link

[]a’fRF Dock>> -

<<RF link>>
RF_TC_Link

<=Ground=>>
53 GCs

<<Sensor>>
DORIS

<<1553
RT1553B

p. <<1553B>>

L2 PIF M1553B ]
<<1553 Pocl|

BC1553FDocl
<<1553 Pock>>

css Fcr}j_s‘zan ck

>

RW RT15%3BDock CRS RT15953EDock
<<Sensor
CRS
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PROTOTYPE DEMONSTRATION — UART
RESULTS

O Bus load: UART.

» Fine-grained analysis detects that SRAL-PDHU data
exchange exceeds bus capability (due to calibration

messages).
Bus IOLCI—PDHU' l<<Processor Board>=> =<=Processor Board=>>
Mode 'Normal': oLcl imbr el <<RS485>>_L ppHU
Bus load: 47.5573 % UARTL ) :SE:RTD -
Bus system load: 48.770016 % UARTS o¢

Data throughput: 95114608 bps

Bus 'SLSTR_PDHU" <<Sensor=>> <<RS485>>
- Mode 'N - SLSTR h Y EOSTR, PLJH'.
ode 'Normal': <<UART Dock>=> <<UART Dock=>
Bus load: 26.623524 % UARTL UART3

Bus system load: 26.793247 %

Data throughput: 13311762 bps <<Sensor=>
Bus 'SRAL_PDHU' SRAL <<RS485>>
Mode ‘Normal':
Bus load: 118.250046 % = <UAR] Docke>> SQRL%’ZRT pock>>
Bus system load: 119.00389 % <<UART|Dock>>
Data throughput: 59125020 bps UART1
Bus 'SMU_PDHU’ <Processor Board=>
Mode ‘Normal':
Bus load: 0.63666666 %
Bus system load: 1.4159467 % <<UART Dock>> SMU PDHU

Data throughput: 61120 bps

= After introduction of calibration mode the bus load is reduced to 55.4% (normal) and
62.8% (calibration).
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PROTOTYPE DEMONSTRATION — ON-BOARD
FUNCTIONS AND PERFORMANCE RESULTS

d On-board functions and performance.
Firstly, only one EEPROM is used.
The fined-grained analysis detects:
0 Computation of CPU load of OLCI OPSW: 51.6%%6.
0 SRAM occupation of 35.7%0 (below 509%0).
o High EEPROM1 occupation: 124.4%0.

Reallocation of DPM, PCDM, FDIR, PDHU PL and SMU logical components over
EEPROM2:

<Logical Component=>=
o0 EEPROM1 occupation: 67.3%b. BLCI ORSW_FDIR
o EEPROM?2 occupation: 56.9%. e <Logice o PRI

OLCI Controller OLCI OIﬁSW Contr ||

OLCI_OPSW_PCDM_Manage || a | OLCI_OPSW_Data_Manager

<Logical Component== 4¢Log‘;ﬁ|"€omponent>> <Logical Component==
OLCI TMTC Manager
:|OLCI_OPSW_TMTC_Man PDHU_OLCI
o tekEvamtEeEr

COLCI PCOM Manager OLCI DPM Manager
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CONCLUSIONS

0 AAML study has provided:

= ldentification and evaluation of the avionics analyses.
=  AAML modelling language:

0 The set of entities and non-functional properties included in the language are
precise and practical enough for capturing the avionics architecture and to be
used as input for specialized avionics analysis.

o The language suitably supports the possibility of both coarse- and fine-grained
specification by means of the non-functional properties defined.

o0 The three levels of definition (functional, logical and physical) supported by the
language provide all the necessary means to manage the different phases of
conception and implementation of the avionics system.

«  AAML toolset:

o Design and analysis of the avionics system.

« The execution of the avionics analysis process is fast and easy to follow.

X/

s The analysis outputs are useful to confirm or modify the system design and to detect
model inconsistencies or missing information.
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FUTURE WORK

0 Some future work activities have been identified during this study.

0 They represent improvements in the modelling language and
the toolset.

The future work activities have been prioritized: High, Medium, Low.

Some examples:

Future Work Priority

Extend the meta-model and toolset to support additional | MEDIUNM
avionic analyses

Improve the analysis reports output format MEDIUM
Develop and independent model consistency validator HIGH
Include hierarchy levels MEDIUM
Modelling errors LOW
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SENTINEL 3: PACKAGE STRUCTURE

==Data Package==>
Data Types <<Communication Package>=> <<5/C Modes Package>=>
Cormnmunication Spacecraft Modes

European Space Agency Supported Project | (i

€eSa

165 i | e chaf 165 da)

<< Avionics Functional Package== << Avionics Logical Package== << Avionics Physical Package==
Avionics Functional Architecture Avionics Logical Architecture fwvionics Physical Architecture

= System Mapping Package==>
stern Mapping
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0L On-board seftw are

PDOHU
SN st=ifwionic Function==
QLI FDIR

== Ay ionic Function==
OLC! Controller

== Ay ionic Function==
OLCI Data Manager

= =tdwionic Function== = hw ionic Functioni== =dwionic Function®
QLCI PCOM OLCI DFM OLCI TMTC
=& ianic Function== == Ay ionic Function= =

<Awionic Functionm=
PF Equip. IF

OLC| Data Frocessing Diata Manager

POHU Data Acg/Crod

=<dwionic Function®
SMU Interface

Platfarm Equip. Data Acg)

= =<fwionic Function== =y ionic Function== = Awionic Function==
Platform Equip. Acg/Cmd Mission Managsr Payload Manager

<=<Avionic Functions== = Avianic Function®== FDHU TM
TM Encoding Fayload Data AcglC

PDHU[TC
= =< Aw ionic Function® =
TC Decading

= =t ionic Function==
RF Interface

>
: , ‘ ‘ ThalesAIema
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SENTINEL 3: DATA TYPES (1)

ke Fived Lenght String==
Marmestr

= <integer=:=
Lkntlé

<<integer=>
Wni32

< <Float>>
floars

< <Float=>
doubletd

AAML Final Presentation

< = StructuredTypes =
ScientificStructure

= Structurgtiame HameStr
=1 |d Uintle

= Osat Unt32

= Valuel Noat3?

= Value? doubledd

k< furay Types>
BoigntificAnray 100

== StructuredType= =
ScientificDara

=1 data ScientficArayl00

22/05/2014
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[LCI_Calibravion AL TM_CALL_LRM_| 203 Prray incl6_1 | Peray_Uingle_ 18 PrraySingleChar | Puray_Uintle_96
L
=< Array Type s> < Aray Types=> [<Array Types> < <Amay Tipe s> [ <Amray Types K<Amay Tipe>>
DLCI_Marmal BRAL_TM_CaLl_LAM_IQ Brray intle 2 | Peay_LinglE_32 BrraykaloChar Paray_Wintl&_11
|
<frray Type=>  [E<Amay Type>= fe < Array Typai>
MU _Science BEAL TM_CALL_5AF prray_Lintle_3
I < Array 'l'ype?} [ < Array 'I",'pe??
purray_Lint16_30 urray_Llint 16_124
= Array Typas >
=Array Type>> =Array Type>=> Purray_Lint 16_4
HETHM FAL_TM_CALZ_SAR
t | b= < Array Type=>| k<Array Type=>|  f<Asray Type==
[<Array Type>> Puray_Lingle_20| Prray_Uintle_ 32 Puray_Uint16_126
Prray_Uint16_5
-c-c.ﬁ.rra:,- 'I,-'pe:-:- -A:-A:_ﬁ.rray T:,'pe:h:i-

SMU_DiagDump

ERAL_TM_SELF_TEST]

=Array '}'DB??.'P- F < Aoy 'Fll.-pp:;}

LETR_Dray ERAL_TM_ECHO_LFA
L

< Array Typas> | b = ATl Typas>>

STR_Might BRAL TM_ECHO_SAR
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Prray _Uintlé_11

Puray_Llintl6_26

e Array Type>> kK<Amay Trpe>> K<Array Types= > Fo < Array Types=>
Prray intl6_8 | Peray_Lintl6_22 | Buray Uintl6_40 Puray_Uintl6_12

-:-r.p!u"ra}- T}rpe:-:- -:-:MayT:,-pe:-:- -c-c.ﬁ._rra:,- 'E,-pe:-:- -c-c_ﬁu'ra:,- T:,-pe:-:-
Prray Lintl6 9 | Peray_Uingl6_24 | Peray_ Uintl6_ 48 Puray_Uintl6_153
E<Array Type>> E<Amay Type>> <fray Type= > [ < Array Type> =

Puray_Uint16_62

Puray_Uint16_193

parray_Lingle_ 16

puray_Lingle_239

koo AFFEY Typeoee] b2 ARray Typeo s b ATEY Ty = B o ATy Tyl =
ferray Lintl6_12 | Puray_UinglE_ 28| Brray Uintl6_64 Furay_Llint16_4 1§
= < Array ‘fy'pqh-hr = < Array 'I'ype:b:\- k< Array 'q,.'p-zn}} [ < Array 'F,'pebb

Furray_Lint16_BD

Furray_Llint16_5 13
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e Modelling Language

SENTINEL 3: DATA TYPES (11)

<< Afray Typa=>
TM_EFS_HEBatteryManitoring

o Aty Typs>
TH_DH_HETC

<< Armay Types==
TH_EPS _HEPowarDistribution

=< faray Type==
TM_OH_HETM

<< Array Type=>

< <Ay Typa=>

= < Afriy Typas=
TH_InstrMngt_HK

< < Mrray Tpe>>
TH_PDHT _HKSID

= AfFly Typis= << ArTay Typas> < < Array Typas=
TH_Asyne_DumpChk TH_AGLS COCODHAL TM_HF
<< Array Type=> <<Array Type=> << ATEy Type>>

TM_Asyns_NominalTCRaport

TM_AOCS_CRSDIAG

TH_Thesmal HKTCS

< < ATay Typas=>

<< Amay pe=>
TH_Async_NominalEventReport

<< Array Type=>
TM_AOCS MAG CSS_MTE DHAG

- -c.A"a:,r WE:- =
TH_Thermal _HKTemp_TankPressure

TM_EPS_HKPCDUDeployment TH_DH_HEOBCP TH_POHT _HKSID2
|
o AFTEY Typas < < Array Tpas > << AT s < < AITEY Typas> < <Mrray Typas > << fmay Type>>
TM_EPS_PFStatus TM_DH_HKACSEG ™ PD?ITF’:hSIDE TM_async_FailureTCRaport TH_AQCS_FWDIAG TH.Thermal .HEPLTemp
= < ATEy Typas> = AdTay Typés> = AfT e < < ATEy Typas> << Array Types < AITEy Typas
TM_EPS PLStatus TH_DH_HETime TH_PE:-ITTT_&:KSIDd TH_Asyne _Anomah#F Report TM_SADM_CRLISEHK TM_THERMAL DIACTCS1
<< Array Typas> < Artay Types> = Array Types> << Array Type=> << Aty Types>
TM_EPS_DIAGPCDUMONItcning T _DH_HkPayicad << drray Tpe== TM_Asyn<_AncmalyFLReport TH_SADM_DIAG TM_THERMAL DMACTCS2
TH_PDHT _HESIDS
< <Array Type== << Aray Type=>= < < Array Tpes = < < Array Types= < < Array Typas >
TM_ADCS_STRHKHealthStatus TH_DH_TimeSource TM_DIORIS_RoutineRepart TM_SLSTR_HKSIDL TC POHUBnary
ok ATEY Ty << Array Types £ CAITEY Typas = o o AT EY Typam =
TM_ADCS ATT1 Ti_DHOR1S _AnomalyReport T _ MW _HESID 1 TC_SRALE nary
< ATy Types> < o ATray Typa > < < ATy Typee> <« Asray Type»> << Array Type>> << Array Type>>
TM_AQCS_ATTZ TH_PFMnge_HEAppStatus Cfg TM_OLCI_HESID] TC_MHSTRCalibration TM_GNSS_HESIDZ13 TC_OLCIBinary
< Array Types= << Artay Tpe== << Array Types== << Array Trpe== <<hrray Trpes== <<Array Tpes==
TM_ADCS_UNL TM_FFMngt_HESMUIOHealthStatus TH_OLCI_HESIDZ TC_SLSTRAinary THM_GMSS_HKSIDZ14 TC _MHSTREInary
<< Array Types> << Armay Type== << Amray Typa== << Array Typa==> << ARy Type® > = ANTRY Typas
TM_ADCS_THR TM_PFMngt_HKSML TH_SRAL_HESIDD TC_SRAL_DEM TM_GMNSS_HESID21S TC.CoiWEinany
<< Amay Type>= =< Array Type>> << ATay Typa>> =< ArTay Types>
TM_AQCS_MAWAETT TH_FFMmgr HEPMTestMaintenance TM_SLSTR_HKSIDO TC_GMSSBinary

-
e ThalesAlenia
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SENTINEL 3: SPACECRAFT MODES

<=Mode==>
Standby

==Mode==>
MNormal

<=Mode==>
Safe

AAML Final Presentation 22/05/2014 |Page 41 ‘ © GMV
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— Arghitecture Modelling Language K esa

SENTINEL 3: COI\/II\/IUNICATION ENTITIES ¢))

W Interfac

= 3
c
e
= Q
T 3
w
Q
o
o
@

ThalesAIen—lé
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— Arehitecture Modelling Language K esa

SENTINEL 3: COMMUNICATION ENTITIES (1)

-
ThalesAIema
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<<Logical Component:==
DORIS Dewvice

CRALL BORLS A

==Logical Components=

GMSS Device GHSS HIh

GMES_S5-Th

GMES_ATMETN

GHSS_M-Th

==Logical Components=

STR Device

SMLU_STE

il

==Logical Components=

PCDU Dewvice PCOU Ao

<L ogical Components>>
SMU /O Device

AAML Final Presentation

<<=Logical Component>>
SMU PJF 1353

SMU_DORIS _Act

SMU_DORIS_Cr

SMU_GMSS_HTM

SMU_GMSS_STM

SMU_GMSS_ATME-TK

SMU_GMSS_MTh

SMU_GMSS_Commant

SMU_STR_Ace

SMU_PCDOU_Ack

SMU_PCDU_Cm

SMU_IO_Ace

SMU_IO_Cre

22/05/2014
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|

s,

= = Logical Carnponerts=
SMU TM

SMU_TM_PF_AOCS

SMU_TM_FF_SADM

SMU_TM_FF_HFTM

SMU_TM_PL InstrumentM ngt

m_[]sm u_Pm_Tm

== Logical Cornponent==

GC5TM

SMU_TM_FF_EPS

SMU_TM_FF_A0CS

SMU_TM_FF_SADM

SMU_TM_FF_DH

SMU_TM_FF_Mngt

SMU_TM_PF_Therma

SMU_TM_FF_HFTM

SMU_TM_PL_InstrurnertM ngt

SMU_TM_PL POHT

= = Logical Componemts=
SMU TC

;_.5M u_Pm_TC

SMU TC

= = Logical Componemnts=
GCSTC

SMU_TC

Tha‘l‘esA|en_’|"?’:1

e Space
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e Modelling Language \&‘
SENTINEL 3: AVIONICS LOGICAL DIAGRAM (11)

anager OLC| OFSW _Data_Manager
m = Logical Componarnts= m = Logical Componernts=
OLCI TMTC Manager FOHU
FOHU_OLC| FOHU_oLCI
OLC] AckEv art_EvErm -
= = AckEv ent_EvRe =Logical Carnpanent =
OLCI FDIR
OLCI_OPSW_FOIR
m = Logical Componernts =
SLSTR Dewice FOHU_SLSTR FOHU_SLSTR
= OLCI_OPSW_FDIR
== | ogical Component> = = Logical Components==
SIEI'H._AI:kE'I' ent_EvEm # | AckEr ent_EvRc OLCI Cartroller OLEI Data Tables Manager
rtraller
OLCI OPSW_Controller
M= Logical Cornponemnts= SV_DPM_Manager S _Data_Manager
SRAL Device
FOHU_SRAL CAL POHU_SRAL CAL
QLCI_OPSW_PCDM_Manager QLC] OPSW_DPM_Manager OLC] OPSW_Data Manager
m = Logical Cormponerts = -I:-I:L:ﬁr'ﬂnmpunzm:l-:l- = Logical Componertis=
QLC FCDM Manager OLCI DFM Manager OLCI TMTC Manager
POHU_SRAL NORMAL FOHU_SRAL NORMAL
y y FOHU_OLCI
SRAL AckEvent_EvEm # | AckEv ent EvRe OLC| AckBvent_EvEm

POAU_SMU_Crnd AckEver

== Logical Componernts =
SMU FJF 15532

_SMU_Cmd
_Crrd AckEser

SMU_DORIS_Acq = Logical Component® =

SMU FOHU PL Acg/Crnd

SMU_DORIS_Crnd

ThalesA|en_|)a
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e Modelling Language

SENTINEL 3: MAPPING FROM AVIONICS
FUNCTIONS TO LOGICAL COMPONENTS (1)

- = | Avionic Function CLC| OPSW

Logical Component QLCI Controller

=] Avionic Function OLCI FDIR
= ] Avionic Function OLCI Controller
=1 Avionic Function OLCI Data Tables
=1 Avionic Function OLCI TWYTC
= ] Avionic Function OLCI PCDM
=1 Avionic Function OLC|I DPM
=1 Avionic Function PDHU
=1 Avionic Function PFDHIU OLCI Acg/Cmd
=1 Avionic Function PDHU Data Manager
=] Avionic Function PDHU SLSTR Acq
=] Avionic Function PDHU SMU IF
=] Avionic Function PDHLU SRAL Acq
=] Avionic Function Spacecraft Management U
=] Avionic Function SMU PDHU PL Acg/Cmd
= ] Avionic Function SMU Processor Module
=1 Avionic Function SMU TM Encoder
=1 Avionic Function SMU P/F 1553
=1 Avionic Function SMIU P/L 1553
=1 Avionic Function SMU TC Decoder
=1 Avionic Function SLSTR Sensor

= | Avionic Function SRAL Sensor

AAML Final Presentation 22/05/2014
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Logical Companent OLCI| FDIR

Logical Compaonent OLCI Controller

Logical Component QLCI Data Tables Manager
Logical Compaonent OLCI TMTC Manager
Logical Component OLCI FCDM Manager
Logical Component OLCI DPM Manager
Logical Component PDHU
Logical Compaonent FODHU
Logical Component PDHU
Logical Component PDHU
Logical Companent FOHU, Logical Component SMU /O Device

Logical Component FOHU

Logical Component SMU Frocessor Module

Logical Companent SMU PDHU PL Acg/Cmd, Logical Component FDHU
Logical Compaonent SMU Processor Madule

Logical Component SMU TM

Logical Companent SMU P/F 1553

Logical Component SMU TC
Logical Component SLSTR Device

Logical Compaonent SEAL Device

© GMV
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e Modelling Language \ esa

SENTINEL 3: MAPPING FROM AVIONICS
FUNCTIONS TO LOGICAL COMPONENTS (11)

v =1 Avionic Function 53 Platform Equipments Logical Component SMU Processor Module

=1 Avionic Function PF 1553 I/F Logical Component SMU P/F 1553
=1 Avionic Function GNSS Sensor Logical Component GNSS Device
= | Avionic Function STR Sensaor Logical Component STR Device, Logical Component SLSTR Device
=1 Avionic Function PCDU Sensor Logical Component PCDU Device
=1 Avionic Function RW Actuator Logical Component RW Device
=] Avionic Function CRS Sensor Logical Component CRS Device
=1 Avionic Function CSS5 Sensor Logical Component CSS Device

= 1 Avionic Function GCS Logical Component GCS TM, Logical Component GCS TC

=1 Avionic Function DORIS Equipment Logical Component DORIS Device

AAML Final Presentation 22/05/2014 | Page 47 ‘ © GMV



SENTINEL 3: PROCESSOR BOARDS

<<=Processor=>=
OLCl OBC

<<Core=>
OLCI OBC core 20 MHz

= =MNon-volatile Memory==>
OLCI PROM 128 Kbyte

<=Mon-volatile Memory=>=>
OLCI EEPROM1 2 MByte

<<Mon-olatile Memory==>
OLCI EEPROMZ 2 MByte

< =Volatile Mermory==>
OLCI SRAM 8 MByte

NN\

‘7 Processor OLC| OBC

v i Processor Core OLC| OBC_core
< Freguency: 20 MHz
< Typical Throughput: 16 MIPS

< |nstructions Per Line Of Code (only required for FINE analysis): 5

q

<4 Volatile Memory OLC| SRAM
< Data Size: B MByte

4 MNon Volatile Memory OLCI PROM
& Data Size: 128 Kbyte

4 MNon Volatile Memory OLCI EEPROM1
< Data Size: 2 MByte

4 MNon Volatile Memory OLCI EEPROM?2
&+ Data Size: 2 MByte

q

q

q

=
ThaIesAIenla
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==<Sensor=> J

GMSS L_—|7

RT1553H

<=<Sensor==
STR .

ET1555B

<<Sensor== |
PCDU (7

RT1S553E

==Sensor, EI
i 1553

DORIS

<<Sensor==

RT1553E

oL

= <Processor Board>>

ART-D l . FORLU
ﬂU}-\RTl i’

==5ensor== !

<<=Processor Board=>>

<< UART Dock = =
LARTZ

"l——| ‘dha* P/FM1553E

newRT1553BDock newRT1553EDock newRT 1553BDock
] &l
==Sensor== ==Sensor==>
CRS Ccss

AAML. Progress Meeting 03

25/04/2014

—

<= < JART| Dock = =

< <Processor Board==>
IEML

SLSTR : @)
< <JART| Dock = >
LART1
<<Sensor=:=
SEAL E
<< UAR%ock E
UART1

w—%
< <LIART Dock > = [Z)
UART 4 J —

<< UART Dock = =
LARTS

< <UART |Dock = »
UART1

LART1

o
iy

i

© GMV
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SMU_RF_TM

RF_SMU_TC

)

<<=Ground=>=>
53 GCS

<<RF link>>
4 oF vk 22RF_GCS.TM

< <RF I|nk>> F

4 oF o oLink 22 |RFSGESSTC

=
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SENTINEL 3: MAPPING FROM LOGICAL TO
PHYSICAL COMPONENTS

Physical Component

Processor Core (Only for

Non Volatile Memaory Use

Volatile Memory Used (Only for Proc

q

=]l ogical Component PDHU

Processor Board PDHU

4

q

4

4

4

q

q

4

4

4

< Processor Board Mapping Descriptor
=]l ogical Component SRAL Device
=]l ogical Component OLC| TMTC Manager,
< Processor Board Mapping Descriptor
< Processor Board Mapping Descriptor
=] Logical Component SLSTR Device
=] Logical Compeonent SMU P/F 1553
< Processor Board Mapping Descriptor
=]l ogical Component STR Device
=]l ogical Component GNSS Device
=] Logical Component PCDU Device
=]l ogical Component DORIS Device
=]l ogical Component GCS TM
=]l ogical Component SMU TM
< Processor Board Mapping Descriptor
=] Logical Component SMU TC
< Processor Board Mapping Descriptor
=]l ogical Component GCS TC
=] Logical Component SMU I/O Device
=1l ogical Component RW Device
=1l ogical Companent CSS Device
=1 Logical Component OLC| Data Tables Ma
+ Processor Board Mapping Descriptar
=1 Logical Component OLC| Controller
+ Processor Board Mapping Descriptar
+ Processor Board Mapping Descriptor
=1 ogical Component OLC| DPM Manager
“ Processor Board Mapping Descriptor
=1 ogical Component OLC| PCDM Manage
< Processor Board Mapping Descriptor
=1 ogical Component OLC| FOIR
< Processor Board Mapping Descriptor
=1 ogical Component SMU PDHU PL Acg/
+ Processor Board Mapping Descriptor
=1 ogical Component SMU Processor Mog

“ Processor Board Mapping Descriptar

AAML. Progress Meeting 03

Sensor SRAL

Processor Board OLCI

Sensor SLSTR

Processor Board SMU

Sensor STR

Sensor GNS5

Sensor PCDU

Sensor DORIS

Ground 53 GC5

Processor Board SMU

Processor Board SMU

Ground 53 GC5

Sensor SMU /O

Actuator RW

Sensor C55

Processor Board OLCI

Processor Board OLCI

Processor Board OLCI

Processor Board OLCI

Processor Board OLCI

Processor Board SMU

Processaor Board SMU

25/04/2014

Processor Core PDHU_Proc_core

Processor Core OLCI OBC_core

Processor Core OLCI OBC_core

Processor Core SMU_Proc_core

Processor Core SMU_Proc_core

Processor Core SMU_Proc_core

Processor Core SMU_Proc_core

Processor Core OLCI OBC_core

Processor Core SMU_Proc_core
Processor Core SMU_Proc_core
Processor Core SMU_Proc_core
Processor Core SMU_Proc_core
Processor Core SMU_Proc_core

Processor Core SMU_Proc_core

Page 50

Mon Volatile Memory PDHU Mon\:

Mon Volatile Memory OLCI EEPR:

MNon Volatile Memory OLCI EEPR;

Mon Vaolatile Memory SMU NonW

MNon Volatile Memory SMU Nonw

MNon Volatile Memory SMU Nonw

Mon Volatile Memory CLCI EEPR:

Mon Volatile Memory CLCI PROM:

Mon Volatile Memory OLCI PROM;

Mon Volatile Memory OLCI PROM;

Mon Volatile Memory OLCI PROM

Mon Volatile Memory OLCI PROM

MNon Volatile Memory OLCI PROM

MNon Volatile Memory OLCI PROM:

Volatile Memary PDHU VolatileMemory

Volatile Memary OLCI SRAM

Volatile Memory OLCI SRAM

Volatile Memary SMU VolatileMemary

Volatile Memory SMU ValatileMemory

Volatile Memory SMU ValatileMemory

Volatile Memory OLCI SRAM

Volatile Memory OLCI SRAM

Volatile Memaory OLCI SRAM

Volatile Memaory OLCI SRAM

Volatile Memory OLCI SRAM

Volatile Memory OLCI SRAM

Volatile Memory OLCI SRAM

Volatile Memory OLCI SRAM

=
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SENTINEL 3: MAPPING FROM LOGICAL TO
PHYSICAL CONNECTIONS

7 53 Logical Connections - Physical Connections Mapping Table &

Connection HW Communication Media TC/TM Standard
< Mapping: RF-TM_PF_EPS Connection Interface Connection communicationSMU_TM_PF_EPSSMU_TM_PF_EPS RFlink RF_TM_Link PUS
4 Mapping: RF-TC Connection Interface Connection communicationSMU_TCSMU_TC RFlink RF_TC_Link PUS
< Mapping: RF-TM_PF_AOCS Connection ; Interface Connection communicationSMU_TM_PF_AOCS RFlink RF_TM_Link PUS
< Mapping: RF-TM_PF_SADM Connection; Interface Connection communicationSMU_TM_PF_SADMSMU_TM_PF_SADM RFlink RF_TM_Link PUS
< Mapping: RF-TM_PF_DH Connection Interface Connection communicationSMU_TM_PF_DHSMU_TM_PF_DH RFlink RF_TM_Link PUS
< Mapping: RF-TM_PF_Mngt Connection  Interface Connection communicationSMU_TM_PF_MngtSMU_TM_PF_Mngt RFlink RF_TM_Link PUS
< Mapping: RF-TM_PF_Thermal Connectic Interface Connection communicationSMU_TM_PF_ThermalSMU_TM_PF_Thermal ! RFlink RF_TM_Link PUS
< Mapping: RF-TM_PF_HPTM Connection | Interface Connection communicationSMU_TM_PF_HPTMSMU_TM_PF_HPTM RFlink RF_TM_Link PUS
< Mapping: RF-TM_PL_InstriMngt Connect Interface Connection communicationSMU_TM_PL_InstrumentMngtSMU_TWV_PL_Ir; RFlink RF_TM_Link PUS
< Mapping: RF-TM_PL PDHT Connection | Interface Connection communicationSMU_TM_PL_PDHTSMU_TM_PL_PDHT RFlink RF_TM_Link PUS
< Mapping: RF-TM_PL_OLC| Connection | Interface Connection communicationSMU_TM_PL_OLCISMU_TM_PL_OLCI RFlink RF_TM_Link PUS
< Mapping: RF-TM_PL_SRAL Connection | Interface Connection communicationSMU_TM_PL_SRALSMU_TM_PL_SRAL RFlink RF_TM_Link PUS
< Mapping: RF-TM_PL SLSTR Connection; Interface Connection communicationSMU_TM_PL_SLSTRSMU_TM_PL_SLSTR  ; RFlink RF_TM_Link PUS
< Mapping: RF-TM_PL_MWR Connection | Interface Connection communicationSMU_TM_PL_MWRSMU_TM_PL_MWR RFlink RF_TM_Link PUS
< Mapping: RF-TM_PL_GNSS Connection ; Interface Connection communicationSMU_TM_PL_GNSSSMU_TM_PL_GNS RFlink RF_TM_Link PUS
< Mapping: RF-TM_PL DORIS Connectior; Interface Connection communicationSMU_TM_PL_DORISSMU_TM_PL_DORIS  ; RFlink RF_TM_Link PUS
< Mapping: 1553-5MU_GMNSS_A-TME-TM ¢ Interface Connection communicationSMU_GNS5_A-TME-TM MIL STD 1553B P/F M1553B PUS
< Mapping: RF-TM_Async Connection Interface Connection communicationSMU_TM_AsyncSMU_TM_Async RFlink RF_TM_Link PUS
< Mapping: 1553-5MU _DCRIS_Acq Conn; Interface Connection communicationSMU_DORIS_AcgSMU_DORIS_Acq MIL STD 1553B P/F M1553B PUS
< Mapping: 1553-5MU_GNSS H-TM Conr: Interface Connection communicationSMU_GNSS5_H-TM MIL STD 15538 P/F M1553B PUS
< Mapping: 1553-5MU_STR_Acq Connect Interface Connection communicationSMU_STR MIL STD 1553B P/F M1553B PUS

5
ThaIesAIenla
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e Modelling Language

SENTINEL 3: OPERATION DESCRIPTORS (TM/TC)

S/C Mode | Type [S/A] Freq./MIAT [Hz] | Paclket

* o RF Dock: SMU_RF_TM

= < Operation: EncodeHKBatteryMonitoring Mode Normal  : SYNCHRONOUS : 0.03125

el SRl PUS E *SMU_TC RF Link Configuration Table &2
~ < Operation: EncodeHKPowerDistribution Mode Normal  { SYNCHRONOUS : 0.125

4 Packet Standard PUS V o RF link
= 4 Operation: EncodeHKPCDUDeployment Mode Normal | SYNCHRONOUS | 1.0E-9 = 4 RAF link descriptor

< Packet Standard PUS + Upload Occupation: 87.5%

£ SMU_TM RF Dock FUS Paclets Descriptor 2 .
4 Download Occupation: 100%

= < Total Upload Rate: 64,000 bps

¥ 4| ¥ 4 Operation: EncodeHKBatteryMonitori + Total Download Rate: 64,000 bps
¥ <4 PUS Descriptor 128 128 45.0 20.0

% MNumber Paclets 1

Service Type Sub-Service Type| Data Field [Byte] | Overhead [Byte] | N2 Packets (Optional)

= 4 Operation: EncodeHKPowerDistributic

< 4 PUS Descriptor 128 128 130.0 20.0

v o4 < Number Packets 1
= <4 Operation: EncodeHKPCDUDeployme

= 4 PUS Descriptor 128 128 48.0 20.0

B SMU_TM RF Link Configuration Table & [ €

< MNumber Packets L

¥ < Operation: EncodePFStatus v o RF link
< 4 PUS Descriptor 3 25 2340 200 i

= <4 RF linlk descriptor
& Upload Occupation: 100%

< Mumber Packets 1
< < Operation: EncodePL Status
< 4 PUS Descriptor 3 25 61.0 200 & Download Cccupation: 85%

+ Number Paclets L 4 Total Upload Rate: 1,000,000 bps
= 4 Operation: EncodeDIAGPCDUMonitorf 4 Total Download Rate: 1,000,000 bps

< 4 PUS Descriptor 128 128 42.0 20.0
< Mumber Packets 1
= <4 Operation: EncodeSTRHIKHealthStatu:
= 4 PUS Descriptor 3 25 140.0 20.0
< MNumber Packets 1

5
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e Modelling Language

SENTINEL 3: OPERATION DESCRIPTORS (1553)

S/C Mode Type [S/A] Freq./MIAT [Hz]| Packet Standa | Minor Frame | Slot RT Sub-Address

= 4 MIL STD 1553 BC Dock: BC1553BD
ock © F SMU 1553 Bus Controller Configura

¥ <4 Operation: SetDORISAttitude Mode Normal SYNCHRONOUS; 1.0
< Packet Standard PUS
¥ < 1553 Communication Profile = & MIL STD 1553B BC Docl
* Minor freme/sior : S < o MIL STD 1553B BC Descriptor
4 Minor Frame/Slot 2 1 10
~ <+ Operation: SetDORISTime Mode Normal SYNCHRONOUS! 1.0 4 BC Start Time: 21 us
4 Packet Standard PUS 4 BC Stop Time: 19 us
T ¢ 1953 Communication Frofile 4 BC Schedule List Time: 55 us
4 Minor Frame/Slot 1 2 14

E *STR 1553 Remote Terminal PUS Paclkets Descriptor 2

Service Type | Sub-Service Type|Data Field [Byte] | Overhead [Byte] | N2 Packets (Optional) 1 SMU Bus 1553 Configuration Table 2
V < MIL STD 1553 RT Dock: RT155
v 4 Operation: GetSTRStatus1 = & MIL STD 15538 Bus
< 4 PUS Descriptor L 1 240 20.0 < 4 MIL STD 1553B descriptor
< Mumber Packets 1 4+ Response Time (RT): 12 us
= < Operation: GetSTRStatus2 4 Inter-Message Gap Time (IMG): 4 us
< 4 PUS Descriptor 1 1 64.0 20.0 <+ Command Word Transmission Time (CWT): 20 us
4+ Mumber Packets 1 4 Status Word Transmission Time (SWT): 20 us
~ 4 Operation: GetSTRStatus3 + Data Word Transmission Time (DWT): 16 us
< 4 PUS Descriptor 1 1 18.0 20.0 < Maximum Throughput: 1,000,000 bps
+ Number Packats 1 + Bus Maximum Margin: 50%
= 4 Operation: GetSTRATM1 <+ Major Frame (only needed for fine-grained bus analysis):
< 4 PUS Descriptor Q q o . <+ Minor Frame (only needed for fine-grained bus analysis):
< Number Packets 1
= < Operation: GetSTRATMZ
= 4 PUS Descriptor 1 1 64.0 20.0
< Number Packets 1
= <4 Operation; GetSTRATM3
= 4 PUS Descriptor 1 1 G4.0 20.0
< Number Packets 1
= < Operation: GetSTRATMA
= 4 PUS Descriptor 1 1 64.0 200
< Number Packets 1
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SENTINEL 3: OPERATION DESCRIPTORS (UART)

I <Processor Board=>=> <<Processor Board=>>
5/C Mode Type [S/A] Fred./MIAT [Hz]| Packet Standard Ere R B
v
= < UART Dock: UART1 UARTL < <Rs485>> <<UART[Dock=>
, OLCI_PDHU  UART2
v <4 Operation: GetOLCINormalData Mode Mormal SYNCHROMOUS | 227272 e e——— -
- SLSTR =
<+ Paclket Standard PUS <<UART Dock>>  <<RS485>> <<UART|Dock>>
. ] ] SLSTR_PDHU UART3
¥ < Operation: GetOLC|CalibrationData : Mode MNormal SYNCHRONOUS | 22.7272
+ Packet Standard PUS el
)
= 4 BEvent: AclkBwvent Mode Mormal ASYMNCHROMOUS: 22 727274 <<UART Dock>>  <<RS485>> <<UART|Dock>>
UARTL SRAL_PDHU  UART4
< Packet Standard PUS <<UART|Dock>=

Service Type |Sub-Service Type|Data Field [Byte]| Overhead [Byte] | N2 Packets

= 4 UART Dock: UART1

UART1

¥+ Operation: GetOLCINormalData ~] PDHU-SRAL RS232/RS422/RS485 Config
< 4 PUS Descriptor 1 1 33582.0 20.0
< Number Packets 5
v < Operation: GetOLClICalibrationData V <+ R5-485
¥ 4 PUS Descriptor 1 1 SR 2 v <4 R5-485 Descriptor
+ Number Packets v 4 Data Latency: 1.02 ns
v < BEvent: AckEvent
< + PLIS Descrigtor 1 1 aF - 4 Maximum Throughput: 50 Mbps
< Number Packets 1 4 Maximum Load Margin: 50%
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