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Outline

« PUS-Gen Context and Overview

o Utilization and extension of PUS-C
foundation model

« PUS-Gen toolset

e Qutcome and conclusion
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Project Context

 PUS-C standard released in April 2016

* More than 600 pages of normative and informative
material

* Formal representation of the PUS concepts to avoid
misinterpretations

* Cleanup and simplification of the PUS-A services
and introduction of new types of services
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Project Context
The PUS-C contains more than 3000 requirements.
How to

* Verify the PUS-C overall consistency ?

« Make sure it fulfils operational projects needs ?
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Project Objectives

Verify, validate and extend the PUS-C foundation model

In support to Projects, develop

« Tools to support the tailoring of PUS-C
 Document generators to produce mission-specific ICDs
« Code generators to automate on-board and ground software production

Copyright © 2016 by SPACEBEL — Al i

Model with formal state machines the PUS-C Services behavior

Verify the developed tools using a realistic use case
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PUS-C Creation Logic

24 October 2018

PUS-A
lessons learned
and change requests

T R g

conceptual model of the PUS
“"The PUS Foundation"

Manual instantiation
(20 seruices)
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Study logic (1)

1. Generate database

thsanenType R g

= 2. Population tool
PUS-Foundation

& PUS-C Seruices

3. Tailoring tool:

* Add/Remoue seruices
* Set project-specific data

Project (User)

24 October 2018 PUS C Gen - ADCSS Presentation
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Relational database
Populated with PUS-C data
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Study logic (2)

inputs

tools

outputs

ik

e
mj L
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Tailored database
Populated with PUS-C
and project-specific data

4. PUS Microsoft Word
document generator

------------------------
““““

PUS
tailored for
mission X

\/
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PUS "Implicit
Knowledge"
(packet headers)

.....

L 5. PUS ASN.1 & ACN data }

model generator
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Study logic (3)

PUS addresses the packet contents but also the seruices behauior

Can this also be formalized and automated ?

e. For each valid instruction to enable the functional monitoring function,
the functional monitoring subservice shall:

1.
2.

Initiator Responder

24 October 2018

set the FMON function status to "enabled"”;
for each functional monitoring definition that is enabled:
(a)  setits FMON checking status to "unchecked";

start immediately the monitoring of the enabled functional
monitoring definitions.

msc Successful_Setup
[Catingizer | o m [Catedvser |

ccccccccc
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PUS foundation model (Extensions)

Baseline model used for PUS-DBI software
« Contains ASN.1 references which are necessary for the
ASN.1 but may be reconsidered for other uses of the PUS-

is of / has

RequestType ° umentDefinition InstructlonT e B
DBI savestiype* | CTH— Mgumentoefinition L (ftntonyee)
"RequestTypedgument" has / is of e "InstructionTypedrgument” 8
,.@ 0 2
D:— -~ 2
defines an argument at ‘ defines an argument at <
generalizes/ is generah.zgd b\r N
i
~ w
...... a. — I
 ordinal i C I ‘”‘5"15{‘ SEID;"'“"“ m- 1 Drdlnal %
" -------------- e}
has its slot defiy Was its slot deflnedb‘f ©
&
©
=
=
. z
has /s of is of / has 3

ReportType * ReportlngDataDeflnltlon : | NotificationType |

"ReportTypeReportingData”

defines reporting data at [H :D el

generalizes | is generalized by “"

"MotificationTypeRe portingData”

Hﬂ defines reporting data at

1

gk pmmmbmen

i . | ASN1SlotDefinition i

{ Ordinal | t vuID) { Ordinal |
has its slotde ad «hasits slotdefined by
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PUS C Toolset

The toolset consists of 3 applications that work together:
 Population Tool

population definition and tailoring
« DOC-GEN

ECSS-E-ST-70-41C compatible document generation
« ASN1-GEN

population tailoring and ASN.

1/ACN generation

B pus-C Population Toal

File  Help
Servoe capabiies

& ST[01] raquest verfication

STI0Z] device access
 Device access subservica

Grouplat least one of capabilty to
‘capabilty 10 scauire: dats from log
Capabilty to distibute CPDU coms
capabilty 1o distibute logical devs
capabittyto distrbte any/of devi
capabiky to distibue physical de
capabilty to distribute register dun
‘capabittyto distibLte register bac

5T[03] hausekeeping

ST[04] paramster statistics reporting

ST[05] event reporting

5T[05] memory management

ST[08]functon managemert

ST[09]time managemert

ST[11]tme-based schedulng

5T[12] on-board mondoring

ST[13] large packet wranfer

ST[14] eabtme forwarding control

5T[15] anboard storage and retreval

ST 7]test

ST[18] on-board confrol procedure

ST[19] evert-action

5T[20] parameter management

ST[21] request sequencing

S5T[22] postion based scheding

5T(23]fle managemert

EXTT177Homation management

Cennected to MissionDataSource [XML]

24 October 2018

Detail: feapabity to acauire data from physical devioes (TCJ2.6] and THI2.5)]
| Genersl Requed Report Prerequied copabilies | implied capabiies £ * "
it

Capabity Name
[acquire cata from physical devices ]

abilty constraint

on acpicabilty conrant

v
>

= a

Reference data values

System Object Types ~ System Objects
Enumersied Vaue Types

CCSDS Packet Types

Abatract Types  ASN.1 Type Definitions
Name:

ABSOLUTEADDRESS
ABSOLUTE-TIME
ACTIVITY-PERSISTENCT-STATUS
APPLICATION PROCESSAD
AUKILIARY-DATA

BITMASK.
COMMAND-ARGUMENTS
COMMAND-DATA

COMMAND-D
COMMUTATED-DIAGNOSTIC-PARA,
COMMUTATED-HOUSEKEEPING FA
COMMUTATED-PARAMETER-SAMP...
CPOLHD

DELAY-TYPE

DELTAPOSITION

DIAGNOSTIC PARAMETER REPOR.
DIAGNOSTIC-PARAMETER-REPOR.
DOWNLINKFIRSTPART-DATA
DOWNLINK-NTERMEDIATE-PART-.
DOWNLINK-LAST-PART-DATA
EVENT-ACTION-STATUS
EVENT-DEFINITION-D

<

=

2 PUS-DOC-GEN - o X B PUS-ASNT-GEN - O X
Cofipmly Vs [y Configuration  Tools  Help

Data source Data source
M52 Popuiation pxiL] v] ;

Document torplle |F‘US C Complete and Tailored [XML] ~ ‘
|Standard template v‘ ASN.1/ACN implict knowledge provider

Output document |Imp\ic'rt KnowledgeProvider - ‘
[OpenxaL « | [cAADCS52018\Docs'FormationManagement doc Browse Outut drectory

Service types [crADCSS20181ASN1 Browse

[~] STI01] request verfication ~ =

[~] 5T[02] device access Capabilty types

[4] STI03] housekeeping ST[01] request verification -
[w] STI04] parameter statistics reporting T[02] device access

[~] 5TI05] event reporting .

2] STIDE] memary management T[03] housekeeplng. ! )

[] STI08] function management ~ T[04] parameter statistics reporting

Selectal || Selectrone TI] event repoting
T[06] memory management

Generated document elements T[08] function management

(] Clause 6 "Senvice type system requiremerts” .

[&] Clause 8 "Senvice type interface requirements” T109)]time management hd
[] Annex C "Summary of requests and reports for PUS standard services” Generate ASN.1/ACN for R <t Ty
=] Anex D “System and interface specfication index” Select all Select none Bl sl Refresh

Generate ASN.1/ACN for Report Types
Select al Select none GENERATE farEos

PUS C Gen - ADCSS Presentation

{EeSC sPACE

11

SFPFRACE

Copyright © 2016 by SPACEBEL — All rights reserved



PUS C Toolset — example

PROBAS3 ,,themed” Service Type — Formation Management

A high level overview of the functional requirements:

» enter formation at desired offset

* |eave formation

« report formation status

Reporting — optional

Algorithm — TBD (different missions can have different ones)

Don’t define the requirements directly. Capture the essence of
the Formation Management Service Type (a class of services)
using the Foundation Model. PUS C compliant requirements
will be generated automatically.
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PUS C Toolset — example

* Define Service Type (with name and scope

« Define Subservice Type (with name and scope

24 October 2018

File Help

Data Source: | FormationManagement [XML]

Service capabilities
EXT[177] formation management

Detail: [EXTI177] formation manacement]

~ @ Add Subservice Type [Service Type: EXT[177] formation management] - X
Subservice Name
‘s{alic formation management
Subservice Scope
The static formation management subservice provides the capabilities for configuring, maintaining and monitaring static formations.
Is mandatory for defining Service Type
] Reali 1is part of the i i service dependency
[ Realisation is required by taioring i
[] Allows muttiple subservice provider realisations within a single service
0K Cancel

Demands that all subservice providers are hosted by a single application process

Can demand that all subse

ce providers are hosted by a single application process

Connected to FormationManagement [XML]

PUS C Gen - ADCSS Presentation

v | | {2 Reload
Reference data values

System Object Types System Objects
Enumerated Value Types

CCSDS Packet Types

Abstract Types  ASN.1 Type Defintions

Name

Data changed n -
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PUS C Toolset — example

« Define known types (vector, status) using ASN.1/ACN
« Define types to be tailored (algorithm) using name and PTC

]
File Help
Data Source: FormationManagement [XML] ~ | ¥ Reload
Service capabilties e & e — T lata values B
S | 8 ASN.1 Type Definition - a X qE)
(=1 EXT[177] formation managemer Types System Objects 2
Static formation managemer General Abstract Types  Tailoring Parameters Value Types :'é
ASN.1 Type Definition et Types .5)
| Vector3d ‘ ASN.1 Type Definitions =
= <
ASN.1 Definttion Block |
1
Vector3d ::= SEQUENCE { L
x REAL. @
y REAL, Q
)z REAL E
2]
>
o
©
1)
«
©
=
2
5
ACN Definition Block 2
Vectordd ] { ©
x [encoding IEEE754-1985-32].
y [encoding IEEE754-1985-32].
}iz [encoding IEEE754-1985-32]
I
|
0K Cancel
Realisation is part of the inclusive-or service dependency 1
Realisation is required by tailoring I
Allows multiple subservice provider realisations within a single service
Connected to FormationManagement [XML] Data changed n -

&esc fPACE@
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PUS C Toolset — example

« Define Capability Types — with Transaction Types,
Instruction Types, Instruction Type Arguments...

24 October 2018

€ Ami - 8 x
& pus-C Population Tool = g X
File Help
Data Source: FormationManagement [XML] ~ | ) Reload

Service capabilities

=}- EXT[177] formation management
=]- Static formation management subservice
- capability to enter formation (TC[177,1))
capability to leave formation (TC[177.2])
capability to report formation status (TC[177,10] and TM[177,11])

Connected to FormationManagement [XML]

General Request Repott Prerequired capabilties Implied capabiliies Excluded capabilities

General Instructions  Request Argumerts  On Board Condttions  Before Instruction Functionalities  After Ir ¢ | *
Name

report formation status

Reference data values
System Object Types System Objects
Enumerated Value Types

CCSDS Packet Types
Abstract Types ASN.1 Type Defintions

Name

FormationFlyingStatus
Vector3d

Data changed E v

PUS C Gen - ADCSS Presentation
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PUS C Toolset DEMO

Video:

« Service Type definition (already presented - skip)

« Document generation

 Document presentation

 ASN.1/ACN tailoring

* Integration of the custom Service Type with the standard
 ASN.1/ACN generation

« HTML ICD and C code generation

« HTML ICD presentation

 (Generated ASN.1 presentation in asn1scc.IDE
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PUS C Toolset

Benefits:

« Support for ensuring standard document consistency and
PUS Foundation Model compliance

« Automated documentation generation — SDD, SRS, ICD

« Automated flight code generation (C and Ada)

« Automated test code generation (Python)

Parts of the process already deployed:
« PROBAS3 (instrument payload BSW and ASW)
« ARM BSP with CANOpen (BSW)

Possibly more applications in the future — depending on the
ASN1SCC/TASTE ecosystem development
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Behavioral modelling (in progress)

Miok_Existing

iy i
Not_Existing " CREATE_INSTANCE(d EFinitiDI‘I‘a<4. 612384
1

repetitioncounter =0 ‘

Disablad :E.12.3.9.1.h.3; Mewly created PMON Definition is Disabled
|

DEL definition ParameterfonitoringDefinition;
DCL id Paramet erionitoringDefinition_ID;
DCL repatitionCounter T_Unsignedinteger;

; '
Enable_Dafinition | Enabled |
.\____r___#;
I T =)
jmmmmmmmm e oo i
repetitioncounter = 0 |_ ig:ggg;g;b [ PMON_Danition_Reset<ﬁ6.12.3.5.1 [PMON_DEFinition_DisabLe(id
612351c2b LA L

definition.checkType

[
( limit_check )

I |
{ expected value_check ) ( delta_check )

Enab[nition

Mot_Existing

Disabled PMON Dafinition |s Disabled, then its checking status is Unchecked,

Pl A

Enabled wia limit_check

( Enabled via expected_value_check) ( Enabled via delta_check ) l PrMOMN_Definition_Enable {id —iﬁ.‘IZ.!.E.‘I | DESTROY_INSTANCE(idK, — 6.12.3.9.3

24 October 2018

Enab nition Mot_Existing

PUS C Gen - ADCSS Presentation
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Modelling activity outcomes

Lessons learned document produced gathering:
» Valuable feedback on using the NORMA tool for performing
conceptual modelling
* 21 change requests towards the PUS-C standard, out of
which
7 are considered major (The specification has a
functional problem)
« 7 are considered minor (The specification lacks internal
consistency, or is not couered by the foundation)
« 7 are considered editorial only.

Relational database directly generated from the ORM model
to support the toolset deuelopment.
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ECSS-E-ST-70 standards status

E-ST-70-41C changes implies revisiting all E-ST-70C

standards, i.e.:

E-S
E-ST
E-S
E-ST

-70-11C
-70-31C
-70-32C
-70-01C

E-S

= 2017-2019

2222222222222

-70C

Space segment operability

Monitoring and control data definition
Test and operations procedure language
Spacecraft on-board control procedure
Ground systems and operations

change requests and lessons learned
production

JrACE éﬁ!
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E-TM-10-23A Space System Data Repository

» objective: “Semantic Interoperability”
o pre-requisite:
o modelling language (and tool) for the WHAT !
- Language: Object Role Modelling/Fact based Modelling
= Tool: NORMA Pro with FAMOUS-2 extension
o approach:
conceptual model”
= "Space System Ontology”

e conceptual modelling “products” by selecting from the
global model

(11
@ QIObaI overall space system

JrACE QEQ

24 October 2018 PUS C Gen - ADCSS Presentation 22



Conceptual modelling in ECSS

2014-2016 PUS Foundation
first ECSS use of “fact based modelling”

erved

2017-2018 ECSS MasterDB ecss requirement management system

See EMITS Call for Information
Information Day at ESTEC, on 30/10/2018

2018-2019 TRP - Extending the “PUS Foundation” to produce the
“Monitoring and Control Foundation”
preparing for the update of:
ECSS-E-ST-70-31 Monitoring and control data definition
ECSS-E-ST-70-32 Test and Operations procedure language

2019-2020 TRP — Space System Ontology Development
activity proposal will be published in EMITS

Copyright © 2016 by SPACEBEL — All rights res
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