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Introduction
EGS-CC is the Core for New Ground Systems

Collaboration of ESA and ESA Member States

European Open Source Licence (Available to ESA member states)

Provides the core elements of a test and/or mission control system

Tailoring Data defined in a Conceptual Data Model (CDM)

* UML-defined data class model

* Inheritable classes with data fields, linked by containments or references
* Has a hierarchical tree — the Monitoring and Control Model (MCM) tree
* Custom model extensions possible




Introduction
The Complexity of the CDM

Not easily understood or manipulated in its raw form

Logical items such as TM, packets and calibrations are spread across classes

Mappings between the MCM tree and implementations such as packets have to be created and maintained
Duplicate data fields must be kept synchronised

Monitor & Control Element (MCE) Definitions have to be created and kept synchronised with MCEs
Procedures, scripts and expressions are just strings and need editors

Automation procedures are written in Java Code (EAPL)

Configuration Items (files persisting model data) must be strictly managed for the MCM tree to be modular

A tool is needed to manage this Mission Model in a logical, meaningful and consistent way




Introduction
FAVOUR Study Goals

1. Mission Model Editor (MME)

Allows users who are not EGS-CC experts to create Mission Model to tailor the EGS-CC CDM for their
applications

2. Procedure Management Environment & Test Management System (PME)

Allow users to prepare satellite tests and operations easily in an intuitive graphical way and at a higher level
than programming (...)

The Test Management System(...) is a system to manage Functional Verification (FV) and spacecraft testing
with an EGS-CC based test facility

ESTEC, Technical Officer: F. Sgaramella
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MME Overview

Features

* Provide an editing view of EGS-CC CDM data in which all internal ‘software’ mechanisms and

structures are hidden
Presentation Layer -> using well known data constructs (e.g. TM Parameters, Calibrations, Packets ...)

* Configuration Item split to facilitate modularisation of the main MCM tree
Implicit Cl management

e Support import and export of sub-trees
* Prevent creating inconsistent data

* Provide clear error reporting & navigation

* Track all updates clearly and unambiguously




MME Architecture

Mission Model Management Layer
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MME Architecture
Common Widget Library

TM1 (TM Parameter) MMEwT (MM Event) &

. . . Name*: Default_event
* Set of widgets to standardise Ul behaviour N | |
escription® ‘ sdfgdsfgg |

e Text Has Predicted Value* O
° Combo Activity Inhibition Period*: ‘ PTOS |
* Combo Enumeration Euent Typer: MyNewEveniType - v|[#]
° ChECkbOX Trigger Condition: IEI
e Table Activity Execution Requests: | Name Type Description

° Values Table My ActivityExecutionRequest  Activity Execution Request  ttt

My ActivityExecutionRequest  Activity Execution Request
* Tree Table

* MM editors use these widgets — - T =
L. ) ) - ame ype escription
Def|n|ng the CDM data update behaVIOUI’ fOF thEIr MewEngineeringParameterqg TM Parameter ewrert
. NewEngineeringParameter  TM Parameter
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Undo / redo
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MME Views
MME Perspective

Flie Edt Comistency Window HMelp Run

©ihia-is- = maE
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* Types by icon o]
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EE

* Name & Description » = —
* Group Types *
* Errors via decorators R T =

PART2.1 = parT2.2

* All operations via Context Menus s PARTS

. . [Description Element Path Locabon Rule Type
* Single Item creation S ———— e e

tanges
© The required feature hasPrech ctedviiue' of RangeEnumenson mustbe set  fanges CAIAUNKNDWN/TS.. Monitanng Co. Pratlem

© The requred feature inpuDatalype’ of RangeEnumeraton’ must be set ranges GAIVLNKNOWN .. Caibratianing. Broblem

L] Single/M ultiple Deletion PART1 @ The required feature ‘outputDatalype’ of RangeEnumeration must be set ranges GAIA/UNKNOWN/ra.. Calibrationcout. Problem
* QOpen Editor
* Copy/cut and paste of single or multiple items & Toonmarg e

* dragand drop of items between elements P
* drag and drop of items into editors

© PPAODT

& zPaoo0 Referenced By >

> & ZPADDDDI| & Add >
* Filter by type, matching text ol e & = GAA
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MME Views

MME Perspective — Parts 2 & 3

PART2 - Mission Model Editors

e PART2.1 MM Item Editors
¢ Dedicated Editors
* Items stacked

\covity* |zaca3001 - ACcs Define newHK TH b1 |
e e Do | O

* PART2.2 Sub-Editor (if applicable)
e Editor for the selected item in PART2.1
* NOT stacked
* Closes when distinct item is selected in PART2.1

[GEGEEDEEEEE

PART2.2

Properhes (£ Chack Resuls 2 |
15,0 warings, 0 PART3

PART1

PART3 - Other Views

* Problems (Check Results)

* Console

* Properties

* Progress

* Configuration Control (other perspective)




MME Forms

Creating a TM Parameter

Telemetry parameter created from MCM tree
* Mandatory: data type and display format
* Optional: unit, calibration, validity and monitoring checks

;Mis;i.;gn-.&;l-Nawgator = Ry .Ed:mr Area
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< & Calibrations - PO'? @ Add i ™ {Monitoring Sonel;Element | MonCheck! Limit Check Monitoring check
& POLY_.CALG (| B Copy Ctrl+C | ¥ Telemetry Parameter L
s POLY_CAL 6 [(| of |Cut Ctrl+X | ¥ Compound Parameter b}
%% Telecommand Pa Paste Crl+v |8 User Defined Parameter
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MME Forms

Creating a TM Parameter with Calibration

Mission Model Navigator 2 j T—‘E
type filter text
@ memRoot
v % Telemetry Packets
¥ TPkt
~ @ ScenarioBasedValidation
T Synthetic Parameters
¥ Telemetry Parameters
B User Defined Parameters
= AutomationNode
~ =@ ElemForPackets [Mg—— == "
B Calibrations - Enl
B Calibrations - Lo
« e Calibrations - Pol|

£ POLY_CAL S | & Copy Ctrl+C

£ POLY_CAL 6 || o Cut Ctrl +X

& Telecommand Pd Paste Curl +¥
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£ [0.9] $BV_cali| % Delete Delete

¥ 5BV _calib_param_1

F SBV calib_param_2

¥ SBV calib_param_3

F 5BV check_parameter

F 5BV cond_check_parameter

¥ SBV_cond_parameter

¥ SBV_confirmation_check_param

ST ‘ Editor Area

¥ SBV_calib_param_1 & |
Name*:

Description®;

Engineering Data Type*:
Engineering Display Format®*:

Engineering Unit:

|‘“SBV,cai‘w E{,pararrjj
| Description of SBV_calib_param_1
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Input Display Format [Ey[eSlream display format -
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Output Data Type*: [Real 64 it~
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Cal Direction® ISRGCALO"I)’

Coefficients®: [110,20,30,40,50




MME Forms

Adding a TM Parameter to a TM Packet

Telemetry parameter (MCM) dropped into packet (implementation)
Under the hood:
* A corresponding packet parameter is created and its data fields synchronised
* A mapping between the MCM parameter and the packet parameter is created and maintained.
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MME Features

Configuration Item (Cl) Management

The MME enforces the 1 Cl per MCE(D) and per Cl type = roo

. el . . ® Telemetry Parameters
* MCEs and MCE Definitions (MCEDs) are placed in their own - /=@ Subsys1 [Monitoring Control Eleme
~ & Calibrations - Interpolation

MCM Cls together with & Cal_interp

v & Telemetry Packets

* MCE-specific mapper Cls that reference the MCE’s contents & % TMPI

v | Telemetry Parameters

* MCE-specific Implementation Cls referenced by these mappers il
MM NaVIgatOF Tree Editing i D:t)szy;szyﬁ [Monitoring Control Ele Subsys1 [Monitoring Control Elerr
* MCED aspects & MCE-based Cls are managed invisibly

= UNMAPPED

Fditor Area
& ACT_PO20 1) PO20java

Name®: CT_PO2 = -
ALT_PO20 package SV.SC16_Automation;

Expression Editing s e s

impart e
import esa.egscc.kernel.su

ationstatu:

rum:.FrﬁrrFxrrm—m

. Libr, ytlsL:ls(l

donExe: ut. ion.execution.procedure Procedure;

public elass PRI axtends
Alioses: Allas  Demain = i

POZ0

.ruhl-i ConfirmationStatus precondition() throws EGSCCException
{

Namespace: 5V.SC16_Autamation
Permitted Route: Type Dasaiption LogUiL . al i il it Ll et"y;
AN - wturn ConfirmationStatus.NOT_ CMFMn

DefaltRoute  Route )

Default Route: DetaultRoute 1|4 =

goverride
- public void body() throws EGSCCException
Defauit Service Access Polnt: |13 - Service Access Point use d by automation - = {

Arguments: Mame Type Description Default Value = i }




MME Features

& Mission Model Navigator &2 o1 _“‘ i

Definitions Display & Managment

type filter text i .
° Pu r‘ge ~ @ mcmRoot | [ Purge Unreferenced Definitions O X [
® Event Types
° Ed iti ng ™ Route Types Selected unreferenced definitions will be deleted (1 available)
*: 2::22 Al CI2AcALL 4 & Mission Model Navigator &2 D T '-3‘ ¢ v =0
= EGSCC_Software | | type filter text
v = EGSSECLSp.acecraftl « = mecmRoot x
S 3 o o
® Engineeri H Route Types
= Common| ¥ Routes
= Common) «2 Service Access Points
= Common, = EGSCC_Software
=] Comrnon,' ~ = EGSCC_Spacecraft
= SC_Automati w @ ScenarioValidation
= SC_BASIC_C( v = Common Data
= SC_BASIC_RT |: ™ Engineering Argument Definitions I
B SC_DEFERREL oo e e e e . = Common_Data_Automation
= SC_ESTEC_AUT = Common_Data_Commanding
= SC_ESTEC_SCOE = Common_Data_Events
= 5C_MCS_MC = Common_Data_Reporting
= SC_MCS_UDD = SC_Automation

= SC_BASIC_CONTROL

= 5C_BASIC_RT_TM

= SC_DEFERRED_DATA_PROCESSING

= 5C_ESTEC_AUT

= SC_ESTEC_SCOE

= SC_MCS_MC

= 5C_MCS_UDD L




MME — PUS Addition

Se rVICeS sh Mission Model Navigator | £, PUS Model Navigator 52 KR v = 0 |
| type filter text |
TreeV|eW w = Services Root
. v i Service Types
° New V|eW Of MME i0¢ Service 2 APID 161
.re . . . » L Service 3 APID 163
o
Classification in Treeview . Sendce s APID 163 - p—rEy - &
w 0F Service 6 APID 169 = .
* Request/Report, Type/SubType v % Senvice Reports A = |
- . ort Description:
° 4 Service Report 6,6 APID 169
Add/copy/PaSte 4 Service Report 6,10 AP| 7. Service Request 24 |
° H H H w b Service Requests Name*: [ service Request 24 |
Drag&Drop into ApplicationProcesses £ Senice Request 62 AP! St oo | ‘
4% Service Request 6,5 AP Lomg Description:
4t Service Request 6,3 AP|
i 4t Service Request 6,129 4 3
Edlto rs ¢ Service Request 6,131/ 0
° PUS_A & PUS_C 4t Service Request 6,140 ¢
4% Service Request 6,141 / Aliases: Alias Domain » :|
. . & -
) Synch ron|ze ed|ts ar, Ser\.r!ce Request 6,142 £ .
4t Service Request 6,143 £ Service Sub Tyne™s '3
4t Service Request 6,144 £ i |
P . - 4. . PUSService Structure: B
Name Description  Offset Type DataType Length Position x }
nl 0 Unsigned Integer g 0
w il nstructionsToDistributeACpduCommand Container o (16) i }
cpduld 0 Unsigned Integer 8 i
n2 0 Unsigned Integer 2 16 H
+ Wl commandPulselnstructions Container 0 (15) &
outputLineld 0 Unsigned Integer 12 24 -
durationExponentialValue o Unsigned Integer 3 36 5




MME — PUS Addition

Application Processes

h Mission Model Navigator | £, PUS Model Navigator 52 Eh ¥ = O |

| type filter text |
~ @ APIDs Root A

TreeV|eW ~ I Application Processes
» [ Heater

¢ Classification in Treeview o A6
* Request/Report, Type/SubType Y e =

4 Service Report 1,

. . S i Name's [0 ] || mame

* Drag&Drop into MM Navigator ¥ ServiceReport L) oo i || st e [

& ServiceReport 1, | o ivion Stage Tpet

+ ' ong Description: age Type': Complete TC Execution v
* Referenced By ¥ Sewvice Report 1,

4 Service Report 2, Is Fatal"

i Service Report 5,

i A== Alias Domain x

. 46 Service Report 17
Ed itor ~ 4 Service Requests *

4% Service Request - A" i |

e AP specifics Checs T Acceptances
p > B APID_162 Checks Start Of Execution™: O
1 1 3 Eﬂ APID_163 Checks Progress Of Execution™ [ ]
* Synchronize edits =Dt RS
- Global Waiting Margin’ B |
» @ APID_167 Default Verification Stages: Name Tpe Description ®
» E APID_169 ACCEPTANCE  PUS Verification Stage S
COMPLETION  PUS Verification Stage
> E APID1TO0 P
4
+ 4 Service Reports
& Service Report 1,1 APIN 161 [€mmimn Domt 71 401
J Service Report 1,14 Open
d& Service Report 1,1 A -
Referenced By » [E APID_161 [MM Pus Application Process]

4 Service Report 1,1 A




MME — PUS Addition

Packets

Treeview
* Drag&Drop
creates packets
* Parameters can
be exchanged
* Referenced By

A MME Preparation Environment -

File Edit Window

BOS[y Bic-

Help Run

[ | [ Teamwork g Tailoring [ Model |[[7] MME

X

£ PUS Model Navigator £2 Editor Area = a
[typefitter text | ||[® app1042 Bl ¥ serviceReport42 5 |
~ B APs Root A ||| Name* [aPiD_10.42 * || Name*: [ Service Report 4.2 |
v I Application Processes Short Description: | Short Description: | ]
~ E APID_10
 Woservice Reports Long Deseription: Long Deseription:
Service Report 42 [Senvice Report (4.2]]
N:=F XO
>B )_162
= A
> @ Jb 164
=) Header: Aliases: = Gt x
>E ) 169 Name Description  Offset Type Data Type  Valus
> @ AP 170 8 CCSDS_TM_Primary_Header CCSDS packet primary header for TM 0 i
> B 172 = Packet version number CCSDS space packet identifier (=0) 0 Bit Stream Service Sub Type™: |2 |
> & 77 * TMPacket Tpe ™=0TC=1 0 Unsigned Integer PUS Service Structure:
> 178 5 Secondary header flag Has secondary header 0 Discriminant Boolean
> B 179 [l Application process ID' On-board application process identifier 0 Discriminant  Unsigned Integer ] Description  Offset DataType Length Position x
> @ 180 = Sequence Flags Stand-alene PUS packets (=3) 0 startTime 0 Unsigned Integer 1% 0
> B 183 *  Packet sequence count Wrapped counter incremented by TM source. 0 endTime 0 Unsigned Integer 6 6 *
>E 185 - Packet data length Data Field length set by TM source [} n 0 Unsigned Integer 0 2 |[g
| 188 v W8 PUS_TM _Secondary_Header PUS secondary header for TM ) parameterStatisticshotificationNotifications Containe: [] (64)
>B 193 o = PUS version number Version of PUS standard [} parameterld 0 Unsigned Integer 0 2 &
= = o = Spacecraft time reference status See E-ST-T0-41C 0 * maximumialue UlUccignadintagey 8 =2 -
5 Service Type D PUS service type 0 Discriminant  Unsigned Integer * maximumTime 0 Unsigned Integer 1 0 |[[E
4 Mission M [l Message subtype ID PUS service message subtype 0 Discriminant  Unsigned Integer minimumValue 0 Unsigned Integer 8 56
* Message type counter Destination-specific message counter 0 Unsigned Integer minimumTime 0 Unsigned Integer 16 64
[rpefikerte] J = Destination ID Application process addressed by report 0 Unsigned Integer * meanValue 0 Unsigned Integer 2 2
v = GA ~ - Time Reference Packet time stemp. [} Absolute CUC Time * standardDeviationValue 0 Unsigned Integer 8 2
> ¥ Even <
v = U Data Field:
> £ Calibrations - Enumeration
+ £ Calibrations - Polynom Name Description  Offset  Type Data Type Velue (her) PID (hex) Length  Position
5 £ Calibrations - Range Enumeration startTime 0 Unsigned Integer 16 0
~ ‘ Telemetry Packets endTime o Unsigned Integer 16 16
¥ APID_104.2 :on 0 Unsigned Integer 1(1) 0 2
» = COMMON ~ I parameterStatisticsNotificationMotifice 0 (64)
e - parameterld 0 Unsigned Integer 0 2
> = EGSE = maximumalue [ Unsigned Integer ] 2
> m ESOC_PSS ®  maximumTime o Unsigned Integer 16 40
.= Gyro = minimumbalue 0 Unsigned Integer 8 6w
> = 0BCP < >
> = PAA
= pCOU [ Properties (8] Check Results 2 ]Ij Undo/Redo Stack | & CI Dependen(\e;‘ =] (onsolel A s |
= POHU 6 errors, 17 warnings, 0 others
= PDHU Tables [ D
> = UNKNOWN =
v 3 UNMAPPED Description Element Path Location Check GroovyRuleld  Type
~ BB Telemetry Packets v > @ Errors (6 items)
; e Asionns B > & Warnings (17 items)




MME — PUS Addition

Packets

Checks

* Groovy, editable by user

* TC & TM Headers

* Data field checks (structure, order,
data type, value checks,...)

* Markers in treeview

* Editor opened from Error View

* Checks performed on every packet
update

v GAIA
» ¥ Events
~ g DU

» b, Calibrations - Enumeration

» 4, Calibrations - Polynom
> £ Calibrations - Range En
v @ Telemetry Packets

umeration

® APID_1042
55 APID_16T_1_1 MTotemsnbe: Pactentt
oF APID_1611.2 %, PUS Model Navigator 2 Gl s ¥ = O | editor area
» = COMMON
5 = CPS [iype fitter text NEEEEEE

v &= APs Root -~
~ [ Application Processes
v B APID10
v % Service Reports
& Service Report 4.2
v B APID_161
& Service Reports
& Service Report 1,1 APID 161
& Service Report 1,2 APID 161
¥ Service Report 1,7 APID 161
¥ Service Report 1,8 APID 161
& Service Report 2,129 APID 161
& Service Report 17,2 APID 161
APID_162
APID_163
APID_164
APID_167
APID_169
APID_T70
APID_T72
APID_TT7

IEEEEEEEA

v

< >

s Mission Model Navigator &2 |5 & W | o7 &% ¥ =

[type fitter text |

v g GAIA "
5  Events
M=Ye
> 4 Calibrations - Enumeration
> 4 Calibrations - Polynom
> By Calibrations - Range Enumeration
v & Telemetry Packets
§ APID_10.42
S5 APID_161_1_1 [Telemetry Packet]
3 APID_161.12
> & COMMON

> = CPs

Name™ \ APID_161_1_1

Short Description: ‘

Long Description:

Header:
Name Description  Offset Type DataType  Value (hex)  PID (hex)
> Ik CCSDS_Th_Primary_Header CCSDS packet primary header for Th [)

> Ik PUS_TM_Secondary_Header PUS secondary header for TM 0

Data Field

Name  Description Offset Type DataType Value(hex) PID(hex) Length Position

<

[T Properties |[2] Check Results 22 | ] Undo/Redo Stack| # CI Dependencies| &) Console

10 errors, 20 warnings, 0 others

Description Element Path
v © Erors (10 items)
© MM: The feature ‘innerElements’ of 'Container’ with O values must have ot least 1 values  APID_161.1.1  GAIA/CDU




MME
SUMMARY

The Mission Model Editor

* Hides and manages the complexity
Of the EGS-CC CDM via a simplified presentation layer and
widget library

e Supports drag and drop
For model refactoring & editors

e Supports PUS Modelling
As a model extension

* Enforces modularity

So that subtrees can be exported and imported as independent
data models

It is targeted at AIT and OPS users

It makes CDM-based ‘tailoring” data — the Mission Model —
comprehensible to everyone
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* Overview
* Procedure Model
e DSL & Flowchart

e Client-Server Architecture

2. PME e MOIS Framework
Procedure

Management

e Screenshots

Environment
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PME Overview

Features

Procedure Editor
* Allows users to view and edit satellite test and operations procedures
* Compatible with EGS-CC
* Visualizes procedures textually and graphically in a simple form
* Supports mapping of requirements to procedures or procedure steps
* Checks consistency of a procedure’s syntax and semantics
* Supports Product Export & Automation capabilities with EGS-CC
* Supports Publishing capabilities

Test Environment
* Test session management
* Logging of procedure execution in test sessions
* Requirements coverage in procedure test logs




PME Procedure Model

Principles and key points of the solution

The Procedure model consists of
* A minimal model with Steps, test requirements and branching (for a graphical representation)

* An executable extension to this minimal model (Groovy)

The Procedure model has
* Verifiable steps
* Executable statements
* Basic ‘procedural’ branching




PME Procedure Model
Model based DSL

1 /f PME procedure executable example.
PME DSL derived from the model T e 1
) : t::tuhjmi:ti::si;:tfrt ;:rrnl;u: .;rg:afm an Test re uirements nominal states®
* Simple Step and Statement structure T RO e RS o0 Stepqmapping
. . . 8 /7 Pro body starts here
* Basic branching and loops (If, While, For ...) > Stap inittolization Initial buot SN
« All keywords are prompted for s A ooedn Broowy
L 3 { ce s v expression
* Mission Model look ups and checks 15 Pracondtionchack parassters. CEBOOOOV ~CEBOBODY - truce
¢ Varlable management delegated to Groovy ’ ;f’ ;:;;m:r;TN‘PIFliII;JNDgBi;GT; CEBIE;QQB "NPF11119 + NPAPPAL7 < CEBOO33 + 1"
9 Step StartupSequence *Starts basic platform"
21 : ¥ 5 ate te d i
21 While ment. Step is rep e 1
. . tle paransters 0026 < TCs sent
Other syntaxes are possible with the same 2 1o i i o UEESC"“_EW? a
. & e s asynchronously
procedure model el
‘f ExecuteActivity ZACP3805 arguments POWOPA11="ENABLE" /f ADCS enable HK TM
I /7 Wait for the preceding TCs to complete their executior
3 “ Synchronise
[/ Test a parameter until it is true . .
:’ : Wait pollingInterval 500 timeout 10000 llnterval’ Var'able
- T used as argument
38 /f Manual override
Step ManualTnput "Perform a manual setting®
t Prompt “Turn the dial 3 clicks to the right and enter the reading:" interval = "11.3"
ExecuteActivity ZACO3129 arguments PDW98G1l1l=interval, PDWO@A31="1" /f ADCS Set TM HK interval
Synchronise
}




PME Procedure Model

Flowcharter

Model Representation
* Steps (precondition &
confirmation)
* Branching and loops

Features
» Several flowcharts
» Different level of granularity
* Mutual model updates
* Palette of shapes

Auto2Flowcharts.proc 17 | [ "Auto2Flowcharts.aird | & "Switch

& "Overview £1 |

Step 3 "Remove Parameter Monitoring”
Switch "Determine PID to use” “"true”
Case "DiS”
Step 3.1 "Remove D5 Parameter”

Step 3.1.1 "Disable and Delete Parameter Monitoring"

ExecuteTC ZACB361 arguments PDWS@G11="YACH3BEL",
P

EndStep

Step 3.1.2 "Request Parameter Monitering Report”

SRSl DR m s

3. Remove Parameter Monkoring

rau,

4. protect dl Functiona Montoring IDs

FOR

% Palette p

(= procTools @
& Step

[l Sub Step

o

I3 If - Else

[8] Switch

83 Switch - Case

[ Switch - Default

ExecuteTC ZACB3801 arguments PDW9@@11="YAC@3681", For each parameter n [E] For
PDWBAB31="0" raw, Functional Monkoring IDs 6 For Each
PDUBERS2_ZACH3IBHL_GROUP1="1" raw, orsac
PDWE@133="2" raw [ While
EndStep parameter [l Precondition
unprotected| Check
ConfirmationCheck "Verify Removal” TMparameters CEBB@3SV "CEBB@3SV== . 4T Protect Paamdte
EndStep Continue [€] Confirmation
EndCase Check
Case "PLATFORM"
Step 3.2 "Remove PLATFORM Parameter” parameter
protected
Step 3.2 puorflowchartsproc | ) “AutozFlowchartsaird | & *Switch 53 | & “Overview
B hiv| S| O v meE| &~ B~ @a[r% -
Exec B-lelD | = | & Qfrs v m
EE
Determine PID to use
“PLATFORM" 2 “AOCS"
| "PAYLOAD" =

Case 3.2. Remove PLATFORM
Parameter

Case 3.4. Remove PAYLOAD.
Parameter

3.4.1. Dissble and Delete
Parameter Monkoring

Verfy
Removal Verfy
Removal

Case 3.3. Refmove SYSTEM,
parameter
- 3.6. Remove TCS Parametd:
3.2.1. Dissble and
Dekete Parameter Diable an
Montoring Delete Parameter i Delete Parameter 6.1, Discble an
| Monkomg { Montorng Delete Parameter
| Montoring
3.2.2.Request | 3 T
3.2. Request 3.1.2. Request
Monkoring Report arameter Monkorng | Parameter Mantorng . :
L { Report | Parameter Montomg

Report

4.2, Requést Parameter
Monkoring Report

35.1.

Monkor

3.5.2. Re
| Paramete
Report

Disable and
Delete Parameter

ave
r Monkorng

Verfy
Removal




PME Procedure Model
Text Editor

Features

Content assist for TCs, TC enumeration arguments,
parameters, packets, events & requirements

TC argument completion

Raw and calibrated values for TC arguments and
parameters

Units insertion for TC arguments and parameters
Expressions — delegated to Groovy

Variable management

Procedure calls with arguments

Hover text for Mission Model and requirement
descriptions

Dynamic validation of syntax and content, including
step numbering and expressions.

Step Harrllp
{

Executefctivity JAC0I001 srguments POMSOO11="", FOMOROT1="1", POWRINZ2_TACOI0L GROUP1="", ZACO3001 GROUPIL-""
Excutedctivity TACOI0M arguments POMIEA11=""

Executetctivity JALO3

Else
Step CoolDown
{
Exacutefictivity TWTal400
ConfirmationChack parameters

]
Step PaylosdStart "Start payload
TestRequirements regld

Synchronise

ZACIB01 ADCS Define new HK TW
dagT

ZACO3133 ADCS Add diag parsmn

PVTOLERZ="0", PVTOLENI="0",

FTHIEM="0",

PYTH1ED




PME Procedure Model

DSL Execution and tracing

An executable Groovy script is generated on
procedure save
* Groovy calls the PME Execution API

(for retrieving parameters, sending TCs, waiting for
Packets etc.)

* Runs anywhere
(editor or on the server)

* Debugging / Stepwise execution

Xtext supports tracing (executing Groovy script is
hidden)

A

1 Procedure StartupTest

2 author 'Anon E Maus'

3 testObjectives 'Start from cold or warm and ensure all instruments are in their nominal states'
4 testConfiguration 'SUT serial number ABC1234"

Step Initislisation 'Initial boot seguence’

/1 Check if system is in expected state
If parameters NPF11110, NPAROO17, CEBOO33 'NPF11119 + NPABRAL7 > CEBOG33 + 1'
Step StartupSequence ‘Start platform tasks'
{
ExecuteActivity ZACG3002 arguments PDWSPO11='ENABLE', PDWOP@31='678"
Executefctivity ZACXOX arguments TIMEOUT='210"

14 Synchronise

Log ‘Execute other statements’

ExecuteActivity ZACZIZ
Synchronise
}
}

import java.util.concurrent.Futu
import java.util.concurrent.Execu

def executor = Executors.neaorkStealingfool()
def executingTcs = []

/7 Start of execution
println ‘Initialisation : Initial boot sequence’
println ‘Statement type: If"

def NPF11119 = getParamValue("NPF11119%)

def NPAAABLT = getParamValue(“NPAGBBLT™)

def CEBOO33 = getParamValue(“CEB@@33")

if (NPF11119 + NPADGOLT > CEBB@33 + 1) {

println ‘StartupSequence : Start platform tasks'
/f Initiate Activities asynchronously

sendtc('ZACO3002', “ENABLE", "578")
sendtc (' ZACOOC", “210%)




PME Design - Client-Server Architecture

PME server provides REST API for
* Access to the Mission Model (CDM) and requirements
* Test session management
* Procedure Execution (PME server accesses EGS-CC services via MCM-LIB / JEEL)

ecomponent ]
MOIS '.
e CEEELe PME-SVR-EXE: Procedure Execution &
Test Session Service Interfaces
ssion (REST) connecting to MCM-LIB
’ MCH Services (05G) PME-SVR-REQ: Requirements Access
IPMEExecufion (REST)
womonety 2 PME-SVR-CDM: CDM Access
f - PME_SVR_REQ
[MestRequiremantAccess (REST) . .
MCM-LIB: Java Library connecting to

EGS-CC MCM

= components |
ICdmActess (REST) PME-SVR-COM | o
ISON

API REST




PME Server Services

U pload Step 1 "Initial Check and Remarks" testRequirements
reqlD - 1D
TST_REQ_001L: Heater Heater1 behaves correctly

* Test Requirements T REQ_t02: Safeode St S moderecry
TST_REQ_003: AOCSLoad AOCS parameters can be loaded
H H TST_REQ_004: DirectTCs Direct TCs can be sent
* M Model e
Ission Moae e e, Satgpe St i et e s
Check TMparameters CEB0OOOS "CEBO0OOS==1" DeployArray Selar array successully deployed

CEBO00S5 IFMS1 Ambiguity Flag i’ ToggleTM H& TM can be paused

CEBO00SV CEBOOOS VALIDITY RUNOBCP OBCP procedure can execute
CEBOODS TFMS 1 Receiver Locked LoacRegs Requirements can be loaded from file in CDM fold

141 1 CEBO0DSY CEBOO0S VALIDITY
PrOCEd u re Ed Itl ng Se rVICes CEB0024 (%) IFMS1ME Sample Humidity —
CEB0024V CEBOD24 VALIDITY

° Access to Req u i re m e nts CEB0025 (hPa) IFMS1ME Sample Pressure

CEB0025V CEB0025 VALIDITY
H H CEB0026 (C) TFMS1ME Sample Temp
e Access to Mission Model Comoba6y CEs28 VA DT
CEB0027 (dBm) IFMS1G1 Sample Carrlev

hd Consistency Checki ng CEB0027V CEB0027 VALIDITY 2

EXECUtIOﬂ SerVICGS Test Management SerVICES % Mission Model | Execution Management 2] =l = 8
* Send Activity : ; [senerpeits
b Conflgure EGS-CC Connection Mission Model Version:  REL 2020-01-20 at 12:01:57 LTC

EGS-CC Connection: Host: 131.139.22,222:8080

. Sample Parameter  Define Test Sessions ot e
° Walt for Event ° Start/Stop/Pause Session —Tes.tSeoﬁDtamils :
* Wait for Packet * Test Session Log Retrieval AbBuzs:  ystem Under Test SYS 9P

Test Configuration: SVT1

* Enable/disable Parameter monitoring i
* Log Message [»] ]

Last Refresh: 2020-01-21 at 11:45:02 UTC




MOIS
Framework

Manufacturing and Operations Information System is the
solution for missions preparation & manages the mission
lifecycle

Used for over 100 spacecraft by
* ESA
* SpaceOpal (Galileo)
* Airbus-DS
* DLR
* ASI
* TAS-I
* TESAT
* Astroscale
* GMV
e ..and many more

De facto standard for procedure exchange in ESA missions
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FAVOUR & MOIS

MOIS Framework
* RCP/EMF
* Host any Editor as plugin

Editors
* DSL Procedure Script
* Flowcharts
* Custom editors

Framework Services
* Local Workspace
* Configuration Control
* Publishing
* Reporting
* Product Export

[ 015 Data Store Explorer

J | # -]

[z

I MOM Daka Stors |

==

Jﬂ

| M®

§

ZAC0E01
ZACOEZ
20003
ZAC0cn0d
TALOFENTS
ZACOE006
ZaC0E07?

ddddddd

= 28 system
=i aocs

= @wasxmnm

TL LMP_SY51_RZOI (LMP Fue)
B 2P Services
= 18 spacacraft Operations
= Commissoning
& 28 operations
= k= pavioan

S5t
£ Contingency

&I Routing

L S
’ penfils,.,
W FQ
Iwe RC
o FC g New Node
W New Ttem
[#] Rename
A—.cx:l'\m ¥ Delete

C
.ouro ;B ceey
O s % Cet
& toza  Pasie

ﬁ”‘m&med{m
.‘l T 0P

© &) RevertChanges

,— . SetIdentifier

'l-,// SetLabel

b Generate Products

ADCSE () publish
AOCS
AOCS cloar MK TM

AOCS Claar disgnostic TM
ACCS Enable 1K TM
ADCS Dissble HE TM

ADCS Enabls diagrosticTH | NOM_TC |
=]

|

cri+C
Ctrl+X
Chrb

HOH_TC
NOM_TC
Bo#_TC
hoH_TC

CEDCYRTIE MRk RS || PLLISYS1 032 plto

| Ll sysi Roote | 0BCP_vS1002.0p | T SYSIHCHKOONder |

* This rede obesks if there any VISTIS illwmingtion vielitioes %

£* check VIRTIS Tilsminstions *f

Taot (P
ik
fact i

FaRm_state, Pras, Prad)

L3313 state, RS, FERE)

mumagy (Unening, n, Pres, nomnd ", PeE)
fack ( Fidi Ftes, Ptam

Like (Fsin

gank (73 _abats, FHES, PEED)

Like (7

nensLaps b . PEBE, oS, Ptof)

measage Ileu:u:v "VIRTIS H-Hodule illusinscion vislecion becueen time ", PEef, * aud ", Pred)

= mkranecus input 'end shep” expacting '}’ | PLU_SYS1_032.phate: 4 Ji LU_S¥S1 062 e (MD...

= mrizmatehed input ' <" sxpecting RULE_ID | tempdste.opl oL Pmr.eduej’ P ine: 1 /MD...
= rrigrnatehed input 'end procedure’ expecti PLU_SYS1_032.phate i LU_SY51 052 Ine: 7 /MD..,

=y viable sbernative ot input ‘end step’ | FLU_SYSI 032 pluto | [MDMMDM/Spacec ot WWM{S\SW&UTOIPLU Y51 062 e S M.

Fhuto Problern

Exrors {4 beses)




& Mission Model | [ Execution 52 S l@@E = 0
FAVO U R & IVI O I S Server Details

Mission Model Version: |ssue 2.1
Requirements Version: DOORS1.1
EGS-CC Connection:  Host: Local

New Editors
Test Session Details
° M M E & P M E Active Session: Session]

Attributes: Session Type: LOCAL
Systemn Under Test: AQCS

Test Session Management Tt Conigurtio: SV

> Other: n/a
. [ Preperties | (5] Version History | 5] Validation History | =] Property Search |L'_'_' Pmb\em;|'§ Em
* N
ew view [iypeitertert Last Refresh: 2020-02-26 at 09:40:53 UTC
R . Date Session Procedure  Step (confi Message typ e S
° U p I Oa d M | SS | O n M Od e | 2020/02/25 15:06:43.784 Session? 1 1 (Falure) Finished step.
2020/02/25 15:06:43.793  Session1 2 2 (Uncenfirmed) Starting step TST REQ_006;
. 2020/02/25 15:06:43.803  Session1 PME Getting parameter CEBD024 = 9.1
° U p I d R q m t 2020/02/25 15:06:43.814  Session1 PME Sending TC ZACO3004 with args: [PDWS001T = YACD...
Oa equire ents 2020/02/25 15:06:43.830  Session1 PME Sending TC ZACO3001 with args: [PDWO00T1 = YACD.
. 2020/02/25 15:06:46.825  Session1 PME Executed TC ZACD3004
° M g ( C f g Att h St t / St p ) 2020/02/25 15:06:46.841 Session| PME Executed TC ZAC03001
a n a e o n I u rel a C 7 a r o e 2020/02/25 15:06:46.857 Session1 2 2 (Unconfirmed) Finished step.
L 2020/02/251506:46867  Session Test7 Finished procedure
L . 2020/02/25 15:08:33.132 Session1 PME Session Session1 ended v
° N H e — Bre Mo “ona
ew view B = B B

* Reporting
Publishing

i




FAVOUR & MOIS Screenshots

e MME is an external Editor W i —

Started from MOIS SR Qi i Britig ELELE-D
- MOIS Data Store| B+ = 8|8 roundhipproc 3 =5

Data is configuration controlled et -

4 % Data Store Root

® Step 1 "Send TC and see effect in TH"

) B2 _COM
* PME proced ’
roceaures favin Context 7 Gec e T2 covaier
4 = EGSCC Setvariable THMparameters SBV_param_int_1 count="SBY_param int_ 1"
Create, open & execute from 5| roen e Execute/Debug
7% Open Log "Counter = jeount” =
»
treEVIeW g |Cpeniith // TC to increment counter
p Rl P |Beecute ExecuteTC SBV activity te i
I Debug
e M onitor connectio n, test o Mol - et 55 [Vl % g = 5 synenzonise
. &) ol ¢ B ¢/ Vait for the TH to be affected
p WaitFor TMparameters SBV param int 1 "SBV param int 1 > count” pollingInterval 2000
session & logs - a4 e o st
Comceien Saie  (EUTEIED ‘ ‘ ConfirmationCheck MMparameters SBV param int_1 "SBV param int 1 == count + 1"
Mission Model Varsion: egsce-test-dal EndStep
Requirements Versian: reqs6 ) EndProcedure i
Test Sesion Dl Connection |- ;
Session Namer  EGSCC - RUN = :
raperties | 5] Version History | £ Validation History | =1 Property Search (2] Problems | @ Error Log | & Console
pre— 2 B || OBGING
Systerm U filter text
Test Configurstion: Both Ws running at Wavre = || Date ) Session User Procedure Step Type Message .
Other; PME demo 2020/04/30 09:01:03.987 EGSCC PME Getting parameter SEA_param_int_1= 610
EGS-CC Connection: Url: 192.168.129.48 202004730 09:01:06.005 EGSCC PME Getting parameter SBY_param_int 1= 61.0
Session: mandcops W2/ 090100224 EGSCC PME Getting parameter SEY_param_int L = 611
Appplication: PMEServer W4 0SOLIIEI EBICC PME Getting parameter SBY_param_int 1 = 62,
Route: 111 020/0430 090110504 EGSCC PME Getting parameter SEV_param_int L = 62,
020/04/30 090110530 EBSCC speatson RoundTrip-20 1 Step confitmation  (SBV_param_int_1 == count + 1) passed
020/04/30 090110537 EBSCC spearson RoundTrip-20 Lipsssed)  Finished step i
020/04/30 090110544 EGSCC speation RoundTrip-20 Finished procedure a
Last Refresh: 2020-04-30 at 100354 UTC - || T m )

‘Whitable Insert 3169




FAVOUR & MOIS Screenshots

PME — Stepwise Execution / Debugging

* Debug toolbar features
Step, go-all, pause, stop...

* DSL features
Set breakpoints, save & run

* Variables
Examine, set

* Console & Debug View
Messages, execution status

= MOIS Data Store Explorer
Search  File
2= R| = RIE

Run Edit Window

g = -

- ]

L RIPRTEIRY SRILSE

X

B nEAREEs

Step Over (F6) a

- MOIS Data Store
type filter text

v '3& Data Store
» = COM

Toolbar

+ = AutemationProcedures
~ = RheaTests

> B= SubProcs

i OneTC

B StarMapper T

fp StartUpSequence2

i, Test3 v
< >

& vl =

Name Value ()
> G logMessage? Reference<T> (id:
> G logMessage Reference<T> (id:
> @ getParamValue StartUpSequence
> @ waitForEvent StartUpSequence?
> @ sendtc StartUpSequence?
> O expectPacket StartUpSequence? ¥
< >

<Choose a previously entered expression>

[Z| StartUpSequence2.proc &3 Test3.proc = 0
testConfiguration "SUT serial number ABC123445" ~
= Step 1 "Initial boot"
/f ¥ou can put comments anywhere Currently eXECUtIng Ilne
testRequirements TST_REQ 884 o
PreConditionCheck TMparameters CEB@@@IV "CEB@B@IV != a”
I Check TMparameters CEB@@24V "CEBR@24V < 5@8"
EZ If TMparameters NPF11119,NPAG@@17,CEBB@33 (dBm) “"NPF1ll/ + NPABBE17 < CEBE@33 + 1"
= Step 1.1 "Starts basic platform”
SetVariable TMparameters NPF11119 paramx = "NPF11119"
SetvVariable varx = '1°
2 While "Perform Warm-up of all Units" TMparameters CEB@@29 (dBm) "varx + CEB@@29 < 18"
of step flagged as an Actititylist/Sequence container with arguments
. "Perform warm up activities”
Breakpoint | .. ey
>
&) Console | [ Executic... Debug &2 | & Versien .. Validatio... | = Property... | 5 Problems | @ Error Log | [F] Properties Progress| — O
9 El Perty.. |6 £ 9 = 9
-
~ ¥ Thread [main] (Suspended (breakpoint at line 16 in StartUpSequence?)) ~
= StartUpSequenceZ.proc line: 16
NativeMethodA rimpl.invoked{Method, Object, Object[]) line: not available [native method]
rimpl.invoke(Object, Object[]) line: not available
DelegatingMethodAccessorlmpl.invoke(Object, Object[]) line: not available
Method.invoke{Object, Object...) line: not available
v

8

= CachedMethod.invoke(Qbiect. Obiect/T) line:




PME-Controller Web Client .

@ PME Procedure Controller x +
< C Y @ Notsecura | 192,168.1.33:8888/asa.favour.pme.serverrunner/app/procController.htmi#!/log + B O N
* Launch procedures
= m} X » Other
. @ PME Procedure Contraller b4 =+
* Uplinked procedures (as
. &« C (@ Motsecure | 192.168.121.140:3080/esa favour.pme.server.runner/app/procControllerht.. ¥ @@ M @ N 0 :
executable Groovy) listed .
PME Procedure Controller
1 Launch m Launch & Monitor .
 Monitor procedures [ touren ]
° . 19 Available Procedures 4 Monitored Procedures
Ru nni ng an d com p | eted Filter Procedure User Start Time End time Step  State
H H CallProc Execute ||| ForeverLoop  tomcat  2021/10/20 14.21:38 1.1 RUNNING
procedures with times (Ecuie) (emne )(Sop ) (sbor)
’ p2 OnePacket tomeat 202110120 14-19:35 202171020 141942 1 [ ENEERN cear |
current Step and state ManyParams [Execute ||| Starttapper_T1  tomeat 202111020 141925 2021710120 14:19:30 [ [T
Starapper_T1 Execute ||| ForeverLoop  tomcal  2021/10/20 14.13:06 2021/10/20 1419.09 11 STOPPED Clear
* Running procedures can be ForsvarLoop
OnePacket
paused/resumed or aborted testt
RoundTrip
¢ Finished procedu res can be 0211022 08:57:12 spearson Tests | 211 | FINISH_STEP
2021/10/22 08:57:12 spearson  Testd 212 START_STEP Description
202110122 08:57:12 PME Obtained parameter CEBO0DS = 5.1, timestamp 08:57:12.476
Cleared from the IISt 202110122 085712 spearson  Test§ 212 F (CEBO00S = 2) is frue
202110122 025712 spearson  Test§ 2121 START STEP
o 2021110722 08:57:12 PME Obtained parameater CEB0009 = 6.1, timestamp 08:57:12 496
® Log Executlon 2021/10/22 085712 spearson  Testd 2121 SWITCH (CEBO00) is 6.1
2021/10/22 085712 spearson  Testd 2121 FINISH_STEP
H : H 202110122 085712 spearson  Test§ 212 FINISH_STEP
® Real time |Ogglng and retneval 2021710122 085712 spearson  Testd 21 FINISH_STEF
2021710122 025712 spearson  Testd 2 FINISH_STEF
2021/10/22 085712 spearson  Testd FINISH_FROC -
4 b
N G U LAR Set Active Session: Aumscrn\l
Updated: 2021/10/22 09:52:19




PME-Controller Web Client

Datastore integration with browser D omeD ®
1B : T4 iy - -
e Same web view shown in MOIS R B

] I type filker bext

Data Store Explorer | e

25 datest
=28 EGS_CC Test Pracedures

* Views served by REST APIs — can | o
be transitioned to web views Y- i

- EH onepacket

Within MOIS ?-Eﬂomc

EH RoundTrip

! EF SetMan

° 1 s
Execution REST API Lo e
MI@IE Procedure Controller E3 I
* Procedure execution on server 19 hrailable Procedures TMoritored Procedures
Filter Procedure User Start Time End time Step  State Clear All
. CallProc Execute ||| ForeverLoop  tomeat | 202140120 14:21:38 14 RUNNING | Pause || Stop || abort |
o Re m Ote (a n d I O Ca I ) d e b u ggl n g pz2 Execute OnePacket tomeat  2021M0/2014:1936 202110020 14:18:42 1 - Clear
Ossi e ManyParams ExecLte Starbapper_T1 tomcat  2021M0/2014:19:25  202140/20 14:18:30 - Clear
possibl — o

StarMapper_T1 ForeverLoop tomeat  202140/2014:1806 20211020 14:18:09 1.1 STOPPED | Clear

ForeverLoop Execlie

* Ready for Scheduler integration | |Crerace =

1| | RoundTrip Execite

3

Execute

.. The Chromium Project




PME
SUMMARY

PME Procedures

* Model based solution gives flexibility for many
representations: DSLs and flowcharts

* Client-Server solution make the editors light-weight

e DSL hides unnecessary language specific mechanics
(reduces testing effort & can be read by non-experts for
review)

Test Management System

* Mapping of requirements to procedure content gives the
test coverage

* Execution logging gives the successful requirements
verification coverage (VCDs)
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CONCLUSION

FAVOUR & MOIS

* PME & MME integrated into MOIS is the complete solution for
EGS-CC tailoring data preparation

* PME gives an automation solution for EGS-CC

* The MOIS framework brings the teaming, test management &
publishing aspects that make it a solution for missions at AIT or
operations stage
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