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NASA’s core Flight System (cFS) Software Architecture

 cFS enables reuse, rapid development, and 
portability through its dynamic run-time 
environment, layered architecture, and component-
based design
 Its three main components – the platform support 

package, operating system abstraction layer, and 
the core flight executive – give system designers 
the tools and flexibility they need to implement a 
robust FSW software that has powered 40+ small 
to large class NASA missions including the Roman 
Space Telescope, and is the primary software 
architecture for the Lunar Gateway being 
developed
 Developed originally by teams at GSFC, there is 

now a large user base of the open-source releases
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cFS Core Components 
Core components form the foundation of the cFS architecture, working together to provide a flexible, portable, and reusable framework for 

spacecraft fiight software development across various missions and hardware platforms. 

core Flight Executive (cFE) 

cFE Is a portable, platform-independent 

framev,;ork that creates an application 

runtime environment by providing 

servlces that are common to most flight 

ap pli catrons. 

Operating System Abstraction Layer 
(OSAL} 

OSAL provides a single Application 

Program. Interface (API) to the core Flight 

Executive (cFE) regardless of the 

underlying real-time operating system. 

Platform Support Package (PSP) 

PSP provides a single Application 

Program Interface (API) to under!ying 

avionics hardware and board support 

package . 
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cFS Tools 
Tools are util ized to support the development of cFS by offering modern engineering practices, testing capabilities, and 

essential resources for bu ilding and maintain ing the environment. 

ELF to CFE Table Tool (elf2cfetbl) 

elf2cfetbl is a ground utility to convert 

Executable and Linkable Format (ELF) to 

core Flight Executive (cFE) binary tables 

for cFS. 

Ground System Lab Tool (cFS­
GroundSystem) 

cFS-GroundSystem al lows users to send 

commands and receive te lemetry. 

cFS Interfaces 

Table CRC Tool (tblCRCTool) 

tblCRCTool is a ground utility to generate 

binary table Cyclic Redundancy Checks 

(CRC) for cFS. 

Interfaces serve as essential connectors between different software components or systems, enabling them to 

communicate and work together seamlessly within the cFS environment. 

External Code Interface (ECI) 

ECI is a software abstraction layer which 

allows the interfacing of externally­

generated task/m ission-specific code to 

the cFS via a generic set of wrapper 

code . 

Software Bus Network {SBN) 

SBN faci litates two-way commun ication 

from the cFS Software Bus service to an 

externa l application . 

Simulink Interface Layer {SIL) 

SIL is an extension of the Simulink Coder 

generation tool which allows it to 

generate code which is compatible with 

the cFS ECI (External Code Interface) . 

.. 
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Class A Certification Process 
The cFS Test Framework (CTF) can help provide artifacts to be used for certification. For class A certificat ion, safety­

crittca! flight code, these are the following NASA requirements, standards, and processes: 

NPR-7150.2C - Software 
Engineering. Requir,ements 

JSC EA-Wl-35 - Software Project 
Managem,ent & Development 

NASA-ST!D-8739.SA - Software 
Assurance & Software Safety 
Standards 

Spacecraft Software Engineering 
Team (SSET) policies & plans 

NPR 7150.2 establishes the englneering requirements that apply to the complete software 

development life cyde, including software planning, development, testing, maintenance, 

retirement, operations, management, acquisition & assurance activities. 

JSC Engineering Directorat,e Work Instruction that establishes the processes & work product 

templates necessary for developing software products adhering to NPR 71 50.2 requirements. 

Monitored by the project's Safety & Mission Assurance (S&MA) representative. 

Performed by the Independent Verification & Validation (IV&V) organization . 

Based on the CapabHity Maturity Model Integration (CMMI) v2.0 model for Maturity Level 3. 
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Class A Certification Artifacts 
Certificate artifacts provide dear and tangible evidence that comprehensive development, testing, and validation 

procedures have been rigorously implemented throughout the project lifecycle. 

r11 Requirement Traceability Matrix 

Requirement to code, to test cases, 
to verification methods 

~= Verification & Validation 

Test tool, test procedure, test 
scripts & expected test results 

.~ Software· Detailed Design (SDD) 

Document 

cii Peer Review Metric Reports 

Requirements, design, code & tests 

Q Analysis Reports 

Static code analyses, coverage gap 
analyses, safety analyses, etc. 

Q8 Software Requirement 

Specifications (SRS) Document 

a Unit tests and Code Coverage 

Test procedure, test code & 

expected test results 

Developer's Guide 

X4'l Version Description Document 

(VDD) 

Including list of changes & open 

defects 



JSC’s cFS Expertise

 Since ~2010, cFS has been the default software architecture for both human 
and robotic missions developed by JSC’s Spacecraft Software Engineering 
Branch
 We have worked closely with the open-source cFS development team at GSFC, 

contributing many updates and tools to the ecosystem
 Through ongoing Gateway partnerships, we are collaborating with other prime 

contractors on their use and development of cFS deployments
 Specific for Gateway, we have developed many mission unique applications 

that are deployed across the vehicle to ensure commonality and operability
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Benefits and Usage

 From project initiation to an executable straw-man software architecture in 
days
– Allow for early and continual integration as software capability grows

 Write code once and run on multiple platforms
– From developer's desktop, through hardware in the loop labs, to the spacecraft

 Large open-source community of support

 In work on many JSC programs
– Orion, Gateway, EHP

• Recommended software architecture in Artemis software interoperability specification

 Utilized across NASA and industry on active and past missions
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 https://etd.gsfc.nasa.gov/capabilities/core-flight-system/
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