Ground System Architectures Workshop (GSAW) 2022

'S
°
==

o

O O ki OO O OHO 4 O Qi ety

4 o = = = -
s

-
=

oy g
EO _?!°"t°. L =g

R e e L T s L

p——

D -
P

o Y D

O OOOO R OO0

e

—

OO O, O O OO oty

OO RS Mo G S S e

O DM OOOROO M Qe L\ e @D
o momem
O OO R OGS O CEDO O > A

0
1
u,
5
0
i
0:
Y 3
o

OB G 1A OMOMG HMOOML ComMO WooTH
e

=%

gl 0 i S @ ) )
e

R

com yroon
CE TB PO BB LD - OO OO commoo

R e e S )

o pa
S o o OB o o
ShERE SR e
o= YO = i
"
O 1 ey s
O Om © ©OmOOm

-

oo wrroRrO

D = O
=
= L~ S

On-demand Ground Data System (GDS) using a Cloud Architecture
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Outline

* NASA’s Advanced Multi-Mission Operations System (AMMOS) Context
* Evolution of Deep Space mission operations

* On-demand GDS concept description

* Benefits of On-demand GDS in the Cloud

* Technical solution

* Provisioning process

* Enabling future deep space mission operations
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Advanced Multi-Mission Operations System
(AMMOS) Context

* NASA’s recommended provider of multi-mission products and

services for NASA space science missions, particularly missions
exploring our solar system and beyond
“ond s Acnasion. | * Portfolio of 50+ products and services supporting 80+ missions
R * Provides support for the following mission operations functions:
Bl | B * Mission Design and Navigation
MisionCotro g 5 * Mission Planning, Sequencing and Analysis

* Mission Control System
* |nstrument Data System and Archiving

Planning and ————
Sequencing Hal H

........ O e « Set of cross-cutting capabilities (e.g. security, automation,
S D B testing, etc.)
* Targeted technology investment program to evolve the
e Eatashs Relay Oprations || Pesource Mlcation AMMOS

Deployment Management and Scheduling

* Based on a simple idea: For those elements of a mission operations
system that are common to multiple projects, build them once
rather than duplicate that development and maintenance effort for

Legend: - Functions Supported - Functions Not Currently Supported by — — 3 Downlink Data Flow e a C h p rOj e Ct

by AMMOS AMMOS (typically project supplied) ——3 Uplink Data Flow
* Open-source: github.com/nasa-ammos
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Mission Operations
Assurance

Operations Training Security Process Automation

Crosscutting Functions



Large Expansion of Deep Space Mission suite over next decades

* Need for agile and efficient operations for spacecraft across the Solar System
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* Green means multi-mission



On-demand GDS Concept

hY \
GDS Provisioning System The Cloud Spacecraft
Powered by AWS Cloud
5 Instantiate GDS in the Cloud Telemetry/Command
A'\l\//llllj\l/lt(i)_S Mission
Mission + SpEC!fIC
Core Profile AWS S3 AWS EC2
4 AIT Config AIT Server
Apply mission adaptation to Multi-Mission Core 34m Antenna
software
4 6 Access Cloud instances from Mission Operations Center
- - | T
Mission Profile Dlata Management Spacecraft Mission Control

V-

Mission Specific Profile <

3

Create Mission adaptation package

Mission Mission
Adaptations Configuration
Code Registry Items
o ixF Objective:
S &
Mission Specific Mission Specific Lq Bm L4 CO mmon G DS a rch |tectu re ea Sy to
S/W plug-in configuration . .
Mission S deploy and maintain
1 2 Ops
Developed Mission Described telemetry Copyright 2022 California Institute of Technology. Government
specific software "”dtco”zm""d sponsorship acknowledged.
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Benefits of On-demand GDS in the Cloud

1. “One-click provisioning” for GDS core applications with sensible defaults
*  Anyone with a Cloud environment can deploy

*  Resources can be provisioned and torn down as needed

2. Support Autonomous Spacecraft
»  Spacecraft-initiated contact request with the ground

3. Lower the barrier of entry (i.e. cost) for Small/CubeSats and other mission capabilities
*  Well tested and documented common GDS architecture

«  Common structure makes it easier to reuse ground automation processes and procedures

4. Increase interoperability, data sharing and exchange

5. Leverage the strengths of open-source community
»  Easy to partner with other Agencies, Industry and the Academia

6. Leverage latest Cloud-native security, logging, scalability and replication solutions
*  Metrics collection capabilities instrumental for operations cost estimation

7. Maintain registry of mission adaptation implementations
*  Reduce “re-inventing the wheel”

»  Expand multi-mission core by including adaptations used repeatedly by multiple missions
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Technical solution using AWS Cloud

aws
~—

Contact Us Create an AWS Account

Supportv  English My Account~  SignIn

Products Solutions Pricing Documentation Learn Partner Network AWS Marketplace Custome » Q

AWS Quick Starts
aws

p—

ContactUs Supportv Englishv My Accountv  Signin Create an AWS Account

Amazon Connect integrations  Amazon EventBridge integrations

Products Solutions Pricing Documentation Learn Partner Network AWS Marketplace Customer Enablement Events Expl > Q

AWS Quick Starts ‘Amazon Connect i Amazon Resources Demos

FAQs

AWS Quick Starts

Automated deployments in the AWS C AMMOS SmallSat Toolkit on AWS

Manage your small satellite mission on the AWS Cloud

Quick Starts are automated reference deployments built by Amazol
Services (AWS) solutions architects and AWS Partners. Quick Starts
deploy popular technologies on AWS according to AWS best practid

View deployment guide

can reduce hundreds of manual procedures to just a few steps so th

can build and start using your environment within minutes. This Quick Start deploys NASA's Advanced Multi-Mission Operations System (AMMOS) suite of

capabilities for small satellite, CubeSat, and instrument missions. The AMMOS SmallSat Toolkit

AMMOS SmallSat Toolkit (AST)

* Downlink and uplink data processing
e Sequence generation
e Data visualization

defaults for reference

Bring your own configuration, or start with

offers advanced sequence generation, command uplink and downlink, telemetry processing, and
data visualization. Using this Quick Start, your team can deploy a foundational ground data
| system (GDS) that is built on mission-proven capabilities and maintained by NASA. The AMMOS

Clear all filters Q space suite comprises open-source products that are available in the NASA-AMMOS GitHub repository, .
This Quick Start was developed bj
¥ Content Type T soll where contributions are welcomed and encouraged. NASA Multimission Ground
. M Systems and Services (MGSS
AWS Quick Starts The toolkit includes the following: collaboration with AWS.
AWS Solutions SATELLITE * AMMOS Instrument Toolkit (AIT), a Python-based software suite that handles GDS, electrical

Implementations ground support equipment (EGSE), commanding, telemetry uplink and downlink, and

This Quick Start suppg
the AWS GovCloud (Uf

¥ Technology Category sequencing.

Analytics * Open Mission Control Technologies (Open MCT) software, providing visualization and Region among other:
Application dashboarding capabilities. Regions.
Integration « AIT Sequence Editor, a Microsoft Visual Studio Code extension that provides a centralized,

Blockchain browser-based environment for generating and editing spacecraft command sequence files.

Compute * Aset of basic test data so you can test the software capabilities upon installation.

Eontainers AMMOS SmallSat Toolkit

Instructions for adapting the deployment for your operation's needs both at launch and as your

Built by NASA Multimission Ground Systems .
mission evolves.

Cost Management and Services (MGSS) and AWS

Databases q .
Deploys NASA's AMMOS sufts of This Quick Start is designed to meet the core demands of your mission with minimal adaptation.
Developer Tools k f | |
End User v
Computing

Internet of Things :" vpdate & What you'll build How to deploy @ Cost and licenses
eptember 2021

(loT) ", 1

o

This Quick Start sets up the following:

AWS Cloud

Public subnet

O

| Bastion host

Application Load NAT
Balancer

AIT and
Open MCT

AIT Sequence
Editor

gateway

Public subnet Public subnet
e i Amazon Cognito Kinesis
L Data Firehose

Bastion host Bastion host

CloudWatch OpenSearch
Service
vate sul I x
5
-
M Lambda Route 53
Auto Scaling group
= AIT and AIT and —
Open MCT Open MCT Efl
*
S3log S3 configuration
Docker container files files

AIT Sequence |
Editor :

AIT Sequence
Editor

1

Machine Learning &
e =y
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Provisioning process

Welcome ~ AITField  Additional Components | Telemetry

1. User clicks on AMMOS card in AWS QuickStarts e
a) Prepares mission specific config (telemetry dictionaries,
etc.) e

b) Uploads to an S3 bucket ¢ B ¢ o mm ey

c) Sets other deployment config (cpu/memory, network
options, etc.) SRS

& Export

1553_HS_Packet:V
Value Timestamp A
AIT Telemetry oltage A

d) This step can be automated in the future S

LOCATION
2021-07-14 23:5:00.2802
2021-07-14 23:58:01.275Z AIT Telemetry
2021-07-14 23:59:02.280Z
. - 2021-07-14 23:50:03.273Z
S_Packet:Curren 2021-07-14 23:50:04.2672
. epioyment is ilauncne
2021-07-14 23:59:06.2762
Logs ~ Commanding  Com therne ket:time_created 2021-07-14 23:50:07.302Z
§ . 2021-07-14 23:50:08.2802
ket:product_type 2021-07-14 23:59:09.2732

product_length 2021-07-14 23:59:10.307Z

3. Apps are installed and configured for each mission e S

2021-07-14 23:59:13.299Z

2021-07-14 23:59:14.298Z.

2021-07-14 23:59:15.208Z.
Ethernet_HS, 2021-07-14 23:59:16.302Z

2021-07-14 23:59:17.348Z.
Ethernet_HS,

e User can interact with deployed apps from web GUI’s, a o S

Ethernet_HS,

2021-07-14 23:59:20.299Z

terminal, or an AWS Console (GDS provisioning system is a : _ o

2021-07-14 23:59:28.302Z
2021-07-14 23:59:27.306Z

B
f u t u re C a a b I | 1 t HEADERisequ 2021.07-14 25502m 227
HEADER:packet. 2021-07-14 23:59:29.312Z

HEADER:sequence_flags

2021-07-14 23:50:30.305
2021-07-14 23:59:31.318Z
2021-07-14 23:59:32.399Z.
2021-07-14 23:59:33.311Z
2021-07-14 23:59:34.353Z

* Easy to “sleep” or completely tear down (only pay when using) |

©2021/07/14 23:5
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End-to-end demand access operations for deep space missions
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