Towards a PUS component-based execution platform Eesa

The PUS standard specifies on-board services for ground stations to operate the spacecraft. It is big and complex.
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The challenge esa
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opus: the PUS specification and tailoring tool

List of available
PUS services and
corresponding TM/TC
packets

Service detailed
specification

Project-specific
configurable data

& PUS-C Population Toal

File  Help
Data Source:

Service capabilities |

rd control procedure
action
management
quencing

commanding
Activate four

nnected to SPRE

: [EXT[129] Reaction wheels management] |

General | Subservices |

Service Name

on wh ement

Service Scope

The RWL manager provides a means to control the Reaction Wheel unit. It is
respo le for:
- Acquisition and calibration of RWL data, monitoring of their values and
provision to the consumers;
Commanding of the RWL as per FFSW output;
andling of RWL telecommands (activation/deactivation, FDIR, 7).

Reference data values |

FAILURE-

t Types |
| Enumerated Value T
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opus tailoring process @esa

B PUS-ASN1-GEN

Configuration  Tools Help

Data source

fLocal PostgreSGL JODBC]

ASN.1/ACN implicit knowledge provider ] .

B Pick the EUS services you
need, give your project

Qutput directory
|C:\PUSCDocGenWorkingDirectory\Generated ASN TACN S peC|f| G d ata (AP I D , Fa | | ure

Capabili es
S — codes...), and press the button
¥ [v] Acceptance and reporting subservice
+-[] Routing and reporting subservice
¥ [ Execution reporting subservice
TI02] device access
-] Device access subservice
capability to distribute on/off device commands (TC[2,1])
apability to distribute register load commands (TC[2,2])
apability to distribute register dump commands (TC[2,5] and TM[2,6])
; capability to distribute CPDU commands (TC[2.4])
[ Jcapability to distribute physical device commands (TC[2.7])
[ Jcapability to acquire data from physical devices (TC[2,8] and TM[2.9])
- [[Jcapability to distribute logical device commands (TC[2,10])
-[[Jcapability to acquire data from logical devices (TC[2,11] and TM[2,12])
- [“]Group(at least one of capability to distribute on/off device commands, capability to distribute regi
5T[03] housekeeping
+]-[/] Housekeeping reporting subservice
3 [_] Diagnostic reporting subservice
-[_| Parameter functional reporting configuration subservice
+1-[_]ST[04] parameter statistics reporting
+1-[v| ST[05] event reporting
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opus document generation

The tools generate
documents with a layout
that is identical to the
original PUS-C standard

4 8.2 EXT[129] Reaction wheels management.

821

out.docx [Compatibility Mode] - Word = —

Q Tell me what ye:--vant to d Olivier Chattlain

Q

Review  View
R w

A Find ~

8.1.2.34 TC[3,146] Define Housekeeping Compression
Reference Packet

Fach telecommand packet transporting a request to Define
Housekeeping Compression Reference Packet shall be of m
subtype 146.
NOTE  For the corresponding system requirements,
to clause 6.1.6.4.

For each telecommand packet transporting a request to Define
Housekeeping Compression Reference Packet , the application data field
shall have the structure specified in Figure 8-34.

repeated LEN'

enumerated
integer integer integer

Figure 8-34 Define Housekeeping Compression Reference Packet

8.1.2.35 TC[3,147] Define housekeeping compression packet
mask

Each telecommand packet transporting a request to Define housekeeping

ion packet mask shall be of message subtype 147.
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opus to TASTE models (TM/TC definitions in ASN.1) Eesa

Telecommand (SEQUENCE) asni

Finally instantiate the Telecommand type

PacketTypes.asnl (PUS-C/ccsds @ MyProject) [master] - Qt Creator

1 | packetversion

2 pacl:;t-lype \Vaiways

| always
ossible values
4 | dest-apid = ground (2047) always
» flight (2046)
5 | sequence-flags | always |NA

6 | packet-seg-count |atways T | NA

T | packet-data-len \a\ways NULL NA.

secondary-header |always | Telecommand-secondary-header [na { D d SEQUENCE
- ¥ :
9 | packetdata |aways | ICs |NA

2 | tc-subtype NULL

s L . 4 o e 5 INTEGER (® .. 1)
Special field used by ACN ?
indicating the number of items.

Name INTEGER (@ ..

CPDU-Cmd (SEQUENCE) asn1
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opus to TASTE (2) - components

QC) interfaceview.xml @ taps_housekeeping [feature_bullseye] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help
c B taps.asn x| U &® Line: 1, Col: 1 B+ @
~ [7g taps_housekeeping [feature bullseye] PUS—ImpHcit—Knowledge DEFINITIONS :: Connection Layers
= taps_housekeeping.pro - BEGIN v ® default

Welcome b Qﬁtaste
- §@ Other files - TC-type{APID, SEQ-COUNT, APUserID, PUS} ::= SEQUENCE {

E b B9 /homeyftaste/tool-inst/share/taste-types| dest-apid APID DEFAULT obsw-AP,
+ 55 work/binaries sequence-count SEQ-COUNT,
‘"e‘”"““' packet-length INTEGER(0. .65535)
taps.asn secondary-header TC-Secondary-Header {APUserID},
.‘l D taps_housekeeping.acn application-data PUS,
taps_housekeeping.asn packet-error INTEGER(®. .65535)

}

Debug

ya

Projects IV Structure

* TM-type {APID, Seq-count, APUserID, TM-Time, TMs} ::= S v/ O Ground seqment

0 source-apid APID, v| O Platform Software Platform Software
sequence-count Seq-count, V| #F Ground Segment.tc -> Platfo...

packet-length INTEGER(®..65535), v| & Platform Software.tm -> Gro..

secondary-header TM-Secondary-Header{APUserID, T

source—-data TMs,

packet-error INTEGER(O..65535)

}

* TM-no-sec-header{APID, Seq-count, TM-09} ::= SEQUENCE (
source-apid APID, T
sequence-count Seq-count, + [0 Memory Management Service
packet-Length INTEGER(0. .65535),
source—-data TM-09 y » [J Onboard Monitoring Service

packet-error INTEGER(D..65535) » O Parameter Management Service
~ [ Event Report

1 = eviD

= tm link

* TC-Secondary-Header {APUserID} ::= SEQUENCE { [& clock
ack-successful-completion BOOLEAN, [E- generate Event
ack-successful-progress  BOOLEAN,
ack-successful-start BOOLEAN, Ground Segment
ack-successful-acceptance BOOLEAN, T FRTETS

source-id APUserID + B execution generic

}

taps...ping
* TM-Secondary-Header {APUserID, TM-Time} ::= SEQUENCE {
time-reference-status  INTEGER(O..15),
message-type-counter INTEGER(O..65535),
destination-id APUserID,
time

3 Application Out
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Example: the Housekeeping

-1 4 ==

OpenGECDE

process hk_service* Statechart view

periodicHKstatus := False,
repeatNo :=0,
hk_struct_isPresent := false,
hk_defs_lis .
new_hk_defs_list:={}

' checks for HK parameters L i
DR Ds duplicates if il
e

i check if the request ID
[|queryID ] 1is already in the HK def list

[IdelHKﬁdef eletes an entry of the HK definitions list

| gets the HK definition if
[I FetchHKdef | — iDis in the HK list

[I te39
I 327 l

(IenableHKdef Tenables the HK structure

|iFits ID is in the HK list irst := true,

i
dexHKlist := 1

‘ getHKdef |r—§ gets the next active HK definition

sets a new collection interval
colintHK | I if the HK definition is in the HK list
ddSimplyHK i add the simply HK par_ameters
it ] to the HK parameter list

addsuperHk i add the super HK parameters
[ ] 0

( trLe )
|

| writeln('hk_service: repeat: Tc:", hk_structure.collection_int) ‘ ‘

tm310 := hk_structure, | setting the addSuperHK
hk_params_list := hk_params(indexHKlist-1) | input parameters

addSuperHK | add the super HK para.meters
ito the HK Ler fist
H_,_U“ 12 HK paramelee s e ik

| parameters
| hk_params(indexHKlist-1) := hk_params_list 7

ﬁtstlmetn
tho mod hk_structure collection, ' send the TM?

isFirst:=Fz

i | -
-

Data dictionary

1

~ ASN.1 Data types
AP_Storage_Control_Def _Inst
APID
APUserlD
Abort_All_Dumps
Add_Report_Types
Address_inst
Aux_On_Board_Monitoring
Aux_Testing
Auxiliary_Data_Inst_selection
Auxiliary_Data_inst
CDS_Spacecraft_Time_inst
CDS_Spacecraft_Time_inst_day
CDS_Spacecraft_Time_inst_ms_of day
CPDU_Cmd
CPDU_Cmd_cmd_pulse_instr
CPDU_Ids
CPDU_duration_exp_val
CPDU_output_line_ID
CPDU_status
Change_Collectioninterval
Change_OR_Start_Time
Check_Transit_Notification_inst
Check_Transit_Notification_inst_check_type
Collection_Interval_Inst
Completion_Exec_failure_codes
Completion_Execution_Notification
Completion_Execution_Notification_failureDat
Control_Ev_Action_Def_List
Control_Param_Meonitoring_Def
Create_HK_Struct
Data_To_Load_Length
Definition_Check_Type
Definition_Check_Type_selection
Definition_Expected_Value_Check
Definition_Limit_Check
Delete_Ev_Act_Defs
Delete_Report_Types
Disable_Ev_Action_Funct
Disable_Param_Monitor_Func
Disable_Storing
Disable_Time_Sched_Funct
Distribute_CPDU_Cmds
Dump_Raw_Data_Inskr_inst
Dump_Raw_Data_List_inst
Dump_Raw_Memory
Enable_Ev_Action_Funct
Enable_Param_Monitor_Func
Enable_Storing
Enable_Time_Sched_Funct
Ev_Action_Funct_Status
Ev_Action_Status
Ev_Def_System_ID_inst
Event_Act_List_Index
Event_Action_Def_Inst
Event_Action_Def_List
Event_Definition_ID_inst
Event_Definition_inst
Event_Definition_inst_severity
Event_Definitions_List_inst
Event_Ty
EventDef_Index
Events_No_lnst
Exp_Value_Transition_inst
Exp_Value_st12
Failure_Data_inst
Failure_Notice_tm_1_10

]

Datatypes = Datadictionary | Help
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Demo of the housekeeping service

5
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Status and conclusion

The PUS Execution Platform is work in progress

The proof of concept includes only a few PUS services:
e Housekeeping,
e Monitoring,

e Event-Actions

opus will be integrated in taste by 2024 and allow:
« Easy creation of new PUS services
« Guided tailoring for PUS data

» Automatic generation of TM/TC encoders for flight code

« Automatic generation of a mission-tailored PUS library (including private services)

10
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Questions?

B >

Quick introduction to TASTE

Demo

The SAVOIR Onboard Software Reference Architecture (OSRA) and TASTE foundations
Modelling and working with a PUS-C execution platform

11
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