Verbal Introduction

* Welcome to another video in my “software short” series
* Todays topic is called “What is cFS?” “Core Flight System”

* By way of some animated PowerPoint I’'m gonna do a breief
* Intro
* Go over the CFS layers and components
* Give Give some exampes on use and architecting software with CFS
* And provide a ton of links for the code
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Introduction — What is cFS

* Core Flight System - An Open-Source Reusable Embedded Real-time <Flight> Software Framework
* Developed by Goddard Spaceflight Center

* First real-time flight software framework
* First Used on LRO Spacecraft (2007), Proliferated Since

¢ Why use it? - Save time/S$S, reliability, commonality, support tools

* NASA Agency Asset for Flight Software Reuse

* Used across NASA on multiple projects (40 here)
* NASA Projects: BioSentinel, DSA, LADEE, Starling, VIPER, RFC, MPCB AA-
2, ASPECT, Orion MPCV, Gateway, Kenobi, Morpheus, Seeker, SPLICE,
XEMU, ATLAS, autoNGC, BITSE, CCRS, CeREs, Dellingr, GEDI, GPM, LRO,
MMS, Navcube, NICER, OCI, OPIS, OSAM-1, PACE, RST, STF-1, WFI,

Product Line Maturity
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* Private Companies — Emergent, Astrobotic, Ten-One, AiTech, OpenSatKit
* International — ESA, TASA, JAXA, KASI, UAE

* Key points:
* Broadly Applicable - Class A Safety-critical across Entire
Spacecraft to single embedded science instrument
Lightweight and Compatible - cFE ~10KSLOC, Written in C
Data-driven, Configurable, Reusable apps, Support tools
Extensible — plug-in user apps
Multi-platform and operating system support
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Core Flight System (CFS) Architecture Overview

Core Flight Software Framework-

Architectural Layers Notional CFS Application Software Architecture
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Example - Morpheus Flight Software Architecture (2013
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Example - Notional Distributed CFS Configuration
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Example - System Software Architecture with CFS and Reusable Components

—— Flight Software A' ( Mor, pheus, 2013/
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https://ea-ntlm.sp.jsc.nasa.gov/projects/ProjectM/mediacomm/Photographs/Morpheus-Logo-Final-small.jpg

CFS Ecosystem - Supporting Tools, Apps, Libs, Systems

Main Source Repo:
Community of Practice and Wiki:
Distributions:

cFS-101: Virtual machine distribution
OpenSatKit: Open source distribution kit for satellite software

Ground Systems and Simulations:

cFS-EDS-GroundStation: Ground station implemented via EDS
ASIST, Advanced System for Integration and Spacecraft Test

COSMOS

ITOS, Integrated Test and Operations System
YAMCS, Yet Another Ground system,
Simulation: TRICK

Simulation: 42

Interfaces and Libraries:

SIL: Simulink Interface Layer at

ECI: External Code Interface at

SBN-Client: External code interface to SBN at

cFS_IO_LIB: IO library at

cFS_LIB: at

EdsLib: CCSDS SOIS Electronic Data Sheet Tool and Library at

fs_lib: File services library at

e Supporting Products and Tools:
* CTF: cFS Test Framework
* CCDD: Command and Data Dictionary Tool
* Perfutils-java: Java based performance analyzer for cFS

* gen_sch_tbl: Tool to generated SCH app tables

* Cryptolib: Software-only CCSDS Space Data Link Security Protocol - Extended

Procedures (SDLS-EP)

* Reusable Applications
* CS: Checksum
* CF:CFDP
* Cl: Command Ingest
* DS: Data Store
* FM: File Manager
* HK: Housekeeping
* HS: Health and Safety
* LC: Limit Checker
*  MD: Memory Dwell
*  MM: Memory Manager
* SBN: Software Bus Network
* SC: Stored Commands
* SCA: Stored Command Absolute
* SCH: Scheduler application
* TO: Telemetry Output
* Skeleton App:
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https://github.com/nasa/cfs
https://github.com/nasa/cFS/wiki
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2Fnasa%2FCFS-101&data=05%7C01%7Clorraine.e.prokop%40nasa.gov%7Cb9cdb2db3912425384b208db2fc516d0%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638156295762164148%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=bns8GtPZHBwGu4q84Td1zf0%2BMbx7F%2B16IVl4ofSl3gA%3D&reserved=0
https://github.com/OpenSatKit/OpenSatKit
https://github.com/nasa/cFS-EDS-GroundStation
http://www.asist-dai.com/
http://cosmosrb.com/
http://www.hammers.com/
http://www.yamcs.org/
https://nasa.github.io/trick/
https://software.nasa.gov/software/GSC-16720-1
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2Fnasa%2FSIL&data=05%7C01%7Clorraine.e.prokop%40nasa.gov%7Cb9cdb2db3912425384b208db2fc516d0%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638156295762476581%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=o1dJJ%2Bw7vM7IdAUlIMTwben%2BiltIeEbm6u3UTvRf7uU%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2Fnasa%2FECI&data=05%7C01%7Clorraine.e.prokop%40nasa.gov%7Cb9cdb2db3912425384b208db2fc516d0%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638156295762476581%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=x5rcr4hA68GTg%2Bq1lcZUHmyHM5drLk3GsFPPQeLvNiI%3D&reserved=0
https://github.com/nasa/SBN-Client
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2Fnasa%2FCFS_IO_LIB&data=05%7C01%7Clorraine.e.prokop%40nasa.gov%7Cb9cdb2db3912425384b208db2fc516d0%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638156295762476581%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=8STzHuIZAXIGnJcrseh5iTaLaQ3gxt%2BQSviR9dn6Pxg%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2Fnasa%2Fcfs_lib&data=05%7C01%7Clorraine.e.prokop%40nasa.gov%7Cb9cdb2db3912425384b208db2fc516d0%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638156295762476581%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=84Q7GgKU1DCsj2V65s8hF9h0icIFY7LorLWkkU32mTo%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2Fnasa%2FEdsLib&data=05%7C01%7Clorraine.e.prokop%40nasa.gov%7Cb9cdb2db3912425384b208db2fc516d0%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638156295762476581%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=6%2FgZ0aQRqZuidewoQI634sGbQTCjcIwqrWpIotCUxnc%3D&reserved=0
https://github.com/nasa/fs_lib
https://github.com/nasa/CTF
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2Fnasa%2FCCDD&data=05%7C01%7Clorraine.e.prokop%40nasa.gov%7Cb9cdb2db3912425384b208db2fc516d0%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638156295762476581%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=8WuB2VWokp%2B47EmoNyB81mBn0XQg6XH7fUT8JZI0j5o%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2Fnasa%2Fperfutils-java&data=05%7C01%7Clorraine.e.prokop%40nasa.gov%7Cb9cdb2db3912425384b208db2fc516d0%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638156295762476581%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=4DC5XRMliz2AOSFu4I7JU%2FwplkMS6MEFf5S0%2FhD7ay8%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2Fnasa%2Fgen_sch_tbl&data=05%7C01%7Clorraine.e.prokop%40nasa.gov%7Cb9cdb2db3912425384b208db2fc516d0%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638156295762476581%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=FkD2h0AcvV4pqbDUWwNZ8sW87rgy84GXsXyM8k68cew%3D&reserved=0
https://github.com/nasa/CryptoLib
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2Fnasa%2FCS&data=05%7C01%7Clorraine.e.prokop%40nasa.gov%7Cb9cdb2db3912425384b208db2fc516d0%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638156295762320365%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=QOlYesDYrAncMIRb7nSzvJeW5M0rs4TSUOQs0Ins0dM%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2Fnasa%2FCF&data=05%7C01%7Clorraine.e.prokop%40nasa.gov%7Cb9cdb2db3912425384b208db2fc516d0%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638156295762320365%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=HuVfUeH%2FBaoAs1f%2FLRUz6SeX6sTkQIwce5GyjqmSeU0%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2Fnasa%2FCFS_CI&data=05%7C01%7Clorraine.e.prokop%40nasa.gov%7Cb9cdb2db3912425384b208db2fc516d0%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638156295762320365%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=VTSYHugHOSDtnEpn0Ug3RE1FqTnuJmH42QuvbB2otJA%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2Fnasa%2FDS&data=05%7C01%7Clorraine.e.prokop%40nasa.gov%7Cb9cdb2db3912425384b208db2fc516d0%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638156295762320365%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=AA2Mf56WwAAzw%2BV62RhI%2Fnqr6bWeFoZwWtjg0k3eoSA%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2Fnasa%2FFM&data=05%7C01%7Clorraine.e.prokop%40nasa.gov%7Cb9cdb2db3912425384b208db2fc516d0%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638156295762320365%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=8%2BHgOTjvVF84vKU7KN5KNqGofrvY%2BF2vCdVxCeZxRoA%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2Fnasa%2FHK&data=05%7C01%7Clorraine.e.prokop%40nasa.gov%7Cb9cdb2db3912425384b208db2fc516d0%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638156295762320365%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=L8TrNqN8yrvb3hvF5wveaagKsgQN%2BlTdQMpd0Wd1IGo%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2Fnasa%2FHS&data=05%7C01%7Clorraine.e.prokop%40nasa.gov%7Cb9cdb2db3912425384b208db2fc516d0%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638156295762320365%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=Rx2a%2BTWKJWdX8trbgFNzuoNpT9qVLS5GHF56gsUbB6E%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2Fnasa%2FLC&data=05%7C01%7Clorraine.e.prokop%40nasa.gov%7Cb9cdb2db3912425384b208db2fc516d0%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638156295762320365%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=edhxBsKeD0XHh19Rla1Zt2TttBTxqfv31hCn4DcIDws%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2Fnasa%2FMD&data=05%7C01%7Clorraine.e.prokop%40nasa.gov%7Cb9cdb2db3912425384b208db2fc516d0%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638156295762320365%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=Ca6YbIkDzvtlQnT%2Fnb6LWTilAJuFlSbWBcXBWFBBlpw%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2Fnasa%2FMM&data=05%7C01%7Clorraine.e.prokop%40nasa.gov%7Cb9cdb2db3912425384b208db2fc516d0%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638156295762320365%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=sG1R0ct%2FO6DI%2BuJcJXqu13b4BXMWPWPZtclxQsA6%2BQ8%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2Fnasa%2FSBN&data=05%7C01%7Clorraine.e.prokop%40nasa.gov%7Cb9cdb2db3912425384b208db2fc516d0%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638156295762320365%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=oJ8JvgKq1gWpBw5BsWRW3nKH7D40d4ycHyus12M6QqA%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2Fnasa%2FSC&data=05%7C01%7Clorraine.e.prokop%40nasa.gov%7Cb9cdb2db3912425384b208db2fc516d0%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638156295762320365%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=Lrnecrfo9s8jp0s%2FU4JpmIOnY5P8Ppfb%2BxEP6etS1qI%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2Fnasa%2FSCA&data=05%7C01%7Clorraine.e.prokop%40nasa.gov%7Cb9cdb2db3912425384b208db2fc516d0%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638156295762320365%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=%2FiciKi%2F0unRCCZGV70shXn3%2Bbpk6w1aOs%2FREohcXnHc%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2Fnasa%2FSCH&data=05%7C01%7Clorraine.e.prokop%40nasa.gov%7Cb9cdb2db3912425384b208db2fc516d0%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638156295762320365%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=mLoEB35jdI5SD%2BEfpDUMeFx41EbJ%2BNJU2pF%2BmFL7vzc%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2Fnasa%2FCFS_TO&data=05%7C01%7Clorraine.e.prokop%40nasa.gov%7Cb9cdb2db3912425384b208db2fc516d0%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638156295762320365%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=pz%2Bi3CdYVKcybd87gjjtQu8WZRclLvNVWe%2B4EkfEW7M%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2Fnasa%2Fskeleton_app&data=05%7C01%7Clorraine.e.prokop%40nasa.gov%7Cb9cdb2db3912425384b208db2fc516d0%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638156295762320365%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=NK742X00eKYN3m%2FdZEScTxQO5RHRcK2sAFj3Q%2Fs9MaQ%3D&reserved=0

Conclusion
* Hope this was informative
 Ton of information online

* As always, open to questions, comments, suggestions for more of these
videos!

2023, Lorraine Prokop, Ph.D, NASA Technical Fellow for Sof8ware
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