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NOS3 Architecture

 Combination of multiple pieces of open-source software
* A virtual spacecraft!

* Flight Software &1@ S nol‘s
* Core Flight System (cFS) Standalone .
e Ground Stations & cosmos .
* OpenC3 COSMOS . L/ Flight GPS Sim | Files
e JPL AMMOS Instrument Toolkit Software | | Mag Sim TR
* Dynamics Engine COSMOS (cFS) e el 42%
* Provides visualization

NOS Engine
 Communication protocols
° 1 o,
Hardware abs_traCtlon layer /\O nOS Host Computer (Windows/Mac/Linux)
 Component simulators & engine Oracle VirtualBox and Vagrant

Linux - Virtual Machine
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Distributed Systems Missions (DSMs)

 Combinations of spacecraft, ground stations, relays, rovers, drones, etc.
* A spacecraft constellation with multiple ground stations
* Lunar missions with relay satellites

* NASA GSFC has invested in various efforts to enable these types of missions
* Including NOS3 support and maintenance on the open-source GitHub

* The largest DSM developments to date have been:
* Generic components for typical actuators / sensors used by spacecraft
* Establishing a generic attitude determination and control system
* Containerizing NOS3 and enabling multiple spacecraft to be launched
e Upgrading versions of underlying software (cFS and COSMOQS)

* Details at the presentation on Thursday!
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NOS3 Support of DSM
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[+ 42 Cam (on 3d8c5d061193) = o X =
2023-07-19 11:41:41.124314 [ INFO TimeDriver:: engine: t Tim Packets | Routers | Logging | Status |
2023-07-19 :41:42.962374 [ INFO TimeDriver:: ick s engine: T . i Connected?lCIients'TxOSizel RxOSizel Bytes Tx Bytes Rx l Cmd Pkts I Tim Pkts View Raw
_ ) ) ) ) true 0 0 0 0 38545 0 663 View Raw
2023-07-19 :41:45.041036 [ INFO TimeDriver:: K engine: t —
true 0 0 0 0 0 0 0 View Raw
2023-07-19 ARy, J pebriver:: engine: ———
= true 0 0 0 0 59584 0 133 View Raw
Ay AT A EROIIES true 0 0 0 0 140461 0 713 View Raw
2023-07-19 11: river::s ick engine:
2023-07-19 :41:52.791847 [ INFO TimeDriver:: engine: t b thread for interface CFDP_INT ;l
*v, p thread for interface SIM_42_TRUTH_INT
2023-07-19 :41:54.639332 [ INFO TimeDriver::se ick s engine: s y gine has started.
= ) vpacket reading for DEBUG
2023-67-19 11:41:56.550436 [ INFO TimeDriver: : ick engine: t S B e Ground
packet reading for SIM_42_TRUTH_INT
2023-07-19 :41:58.418106 [ INFO TimeDriver:: engine: ing to SIM_42_TRUTH_INT... S f
4packetread|ngforRAD[0 O twa re
2023-07-19 11:42:00.142300 [ INFO TimeDriver:: ick engine: t \ ing to RADIO...
= onnection Success
[Connection Success
Opened : /cosmos/cosmos/outputs/logs/2023 07_19 11 39 47 _tim.bin
TRUTH_INT Connection Success j
4
U
File View Help
=sender (on sc_1_cosmos) = | I Q
i file Mode Help Target: [ARDUCAM | Packet: [ARDUCAM HK TLM T~ |
20€200,2000-001-00:00:00.75000 ES Startup: Loading file: /cf/generic_rw.so, APP: RW R
20€Eys 2000-001-00:00:00.75000 ES Startup: RW loaded and created I LEEAT Lol e
CFEZQQ EVS Portl 42/1/SC 21: RTS table file load count = 64 Target: IARDUCAM LI Command: [CAM_EXP3_CC LI Send

120€590(EVS Portl 42/1/SC 9: SC Initialized. Version 2.5.0.0

2°(EVS 2000-001-00:00:00.76000 ES Startup: Loading file: /cf/generic_torquer.so, APP: TORQUER
zecEvs 2000-001-00:00:00.76000 ES Startup: TORQUER loaded and created

29(290 EVS Portl 42/1/TORQUER 1: GENERIC_TORQUER App Initialized. Version 1.0.0.0

29[290 EVS Portl 42/1/RW 1: GENERIC_RW App Initialized. Version 0.1.0.0

20€Eys 2000-001-00:00:00.76000 ES Startup: Loading file: /cf/novatel _oem615.so, APP: NAV
20(5\15 2000-001-00:00:00.76000 ES Startup: NAV loaded and created

item | Value [
NDS T689766919.911358

2023/07/19 11:41:59.911
1689766919.911358
2023/07/19 11:41:59.911

Description: Camera Experiment 3 Command - Large Image

Parameters:

201

= 20€gys EVS Portl 42/1/NAV 1: NAV Initialized. Version 1.0.0.0 FI ht 71
EV: 20€Eys 2000-001-00:00:00.86000 ES Startup: CFE_ES_Main entering APPS_INIT state Ig 0
§g§5"5 2000-001-00:00:00.86000 ES Startup: CFE_ ES Main entering OPERATIONAL state 0
EVs EVS Portl 42/1/CFE_TIME 21: Stop FLYWHEEL f
i EVEgys EVS Portl 42/1/SC 73: RTS Number 001 Started SO twa re 1
€asgys EVS Portl 42/1/TO_LAB 3: TO telemetry output enabled for IP cosmos 368
EVSgys EVS Portl 42/1/SCH 21: Major Frame Sync too noisy (Slot 1). Disabling synchronization. 1
EVS EVS Portl 42/1/SC 121: Enable RTS group: FirstID=3, LastID=62, Modified=60 C d hi P ne i 3
EVSEVS Portl 42/1/SAMPLE 11: SAMPLE: NOOP command received ommand History: (Bressing Ekerion theline fe execlites the cominand) &
VEVS EVS Portl 42/1/SAMPLE 13: SAMPLE: Enable command received .

EVS Portl 42/1/SAMPLE 15: SAMPLE: Device enable failed, already enabled
B EVS Portl 42/1/SC 86: RTS 001 Execution Completed

EVS Portl 42/1/LC 28: Set LC state command: new state = 1

D _ A COSMOS Received Time (Local time zone, Formatted string)

Hlmlelwlo|lo|lw]loa|v]les|lw|n| =
wln|=|lo
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Path Forward n O S

* We want to hear from the community on where to go next!

* Plans (when these slides were produced):
* Simplify the configuration

* Provide a simple GUI or means to reconfigure for X spacecraft or just Y apps running without
having to edit all Z files

Provide documentation and all the references to training materials used

* Generate a design reference mission concept of operations and limited performance test plan
and provide a script to simulate those used during AI&T

Support more software, both flight and ground in the architecture
Increase generic simulator fidelity

Hardware In The Loop

e STF-2
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