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1. ABSTRACT
With the rapid growth in the number of space actors, there has been a marked increase in the complexity and
diversity of software systems utilized to support SSA target tracking, indication, warning, and collision avoidance.
Historically, most SSA software has been constructed with "closed"” proprietary code, which limits interoperability,
inhibits the code transparency that some SSA customers need to develop domain expertise, and prevents the rapid
injection of innovative concepts into these systems. Open-source aerospace software, a rapidly emerging,
alternative trend in code development, is based on open collaboration, which has the potential to bring greater
transparency, interoperability, flexibility, and reduced development costs. Open-source software is easily adaptable,
geared to rapidly changing mission needs, and can generally be delivered at lower costs to meet mission
requirements.

This paper outlines Ball's COSMOS C2 system, a fully open-source, web-enabled, command-and-control software
architecture which provides several unique capabilities to move the current legacy SSA software paradigm to an
open source model that effectively enables pre- and post-launch asset command and control. Among the unique
characteristics of COSMOS is the ease with which it can integrate with diverse hardware. This characteristic
enables COSMOS to serve as the command-and-control platform for the full life-cycle development of SSA assets,
from board test, to box test, to system integration and test, to on-orbit operations. The use of a modern scripting
language, Ruby, also permits automated procedures to provide highly complex decision making for the tasking of
SSA assets based on both telemetry data and data received from outside sources. Detailed logging enables quick
anomaly detection and resolution. Integrated real-time and offline data graphing renders the visualization of the
both ground and on-orbit assets simple and straightforward.

2. COSMOS BENEFITS
The COSMOS C2 software package provides many key benefits to the SSA ground system architect and operator.
The open source nature of COSMOS means it is completely free to start using COSMOS. If additional features or
functionality is needed, the source code is freely available for inspection and modification. The open source nature
of COSMOS means more and more individuals and companies are being exposed to COSMOS resulting in
increased mindshare among operators and developers.

COSMOS can quickly interface with many kinds of targets. Any embedded system that provides a communication
interface can be connected to COSMOS. COSMOS ships with interfaces for connecting over TCP/IP, UDP, and
serial connections but also supports custom interfaces to connect to anything that a computer can talk to.

All the COSMOS tools are configured with plain text configuration files. This includes the standard COSMOS
interfaces and the target command and telemetry definitions. This makes configuration easy by allowing copy and
paste as well as more complex templating. It also enables standard configuration management tools which allow text
based diffs and searchable history.

COSMOS has a rich API which allows independent tools to interact with the command and telemetry stream. The
COSMOS API makes sending commands and checking telemetry easy. However, you are not constrained by your
scripting language. COSMOS scripts are written in Ruby, a modern, fully functional scripting language. This allows
you to read and write files, and perform live processing that most other systems force you to run offline. An official
Python API is supported as well as the native Ruby API. COSMOS is fully cross platform and utilities the QT GUI
framework to operate seamlessly on Windows, Linux and Mac OS X.

COSMOS has a rich history in test and can be used at all levels of integration from board level test, box level test,
payload integration and test, to spacecraft integration and test. This makes COSMOS an excellent choice to provide
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a consistent user interface throughout the full lifecycle of a product. It means you can utilize the same procedures
and scripts in operations that were created during development.

Everything in the COSMOS C2 System is logged, and even more importantly, tools are provided to easily interpret
and use the logs. Whenever an anomaly occurs there are tools already written that are ready to dig into the logs and
help figure out what happened. Data can be visualized with telemetry displays and graphs both in real-time and via
log files.

2. COSMOS TOOLS & ARCHITECTURE
Ball Aerospace COSMOS comes with the following set of 17 applications that are directly available for use with
minimal to no configuration.

i COSMOS Comrmand and Telemetry Server - Derno Configuration EI@
File Edit Help

Intetfaces | Targets I Cmd Packets I Tlm Packets Routers I Logging | Status |

Interface Connect/Disconnect Connected? Clients TxQ Size  RxQ Size Bytes T Bytes Rox Cmd Pkts Tim Pkts  Wiew Raw
INST_INT true i i i 4 90974 3 1195 | View Raw
INET2_INT Discannect true 1] ] 1] 1] anas2 1] 1191 Wi Fawy
EXAMPLE_INT Connhect false 1] 0 1] 1] 0 1] 1] Wiews Rawg
TEMPLATED_INT Connect false 1] 0 1] n 0 n 1] Wiewy Rawy

)
i

SWSTEM_INT Disconnect true 1] 0 1] n 0 n 6l Wiewy Fawy

2017)08/22 20:23:46,221 IMFO: INST2 HEALTH_STATUS GROUND STATUS = CONMECTED is GREEM -
2017/08/22 20:23:46,221 INFO: INST2 HEALTH_STATUS GROUNDZSTATUS = CONMECTED is GREEMN
Z017/08/22 20:23148,220 WARN: INSTZ HEALTH_STATUS TEMP1 = -71,9339 is YELLOW _LOw
2017)08/22 20:23:50,204 WARN: INST HEALTH_STATUS TEMP3 = -10,506899999999987 is YELLCAW_LOW
2017/08/22 20:23:50,235 ERROR: INSTZ HEALTH_STATLS TEMP1 = -82.047699999995399 is RED_LOW
Z017/08/22 20:23150,235 INFO: cmd("INST CLEAR")
2017)08/22 20:23:50,236 WARN: INST2 HEALTH_STATLS TEMP3 = -10.506899999999987 is YELLOW _LCW
2017/08/22 20:23:51,220 WARN: INSTZ HEALTH_STATLS GROUMDZSTATUS = UMAVAILABLE is YELLOW
2017/08/22 20:23:54.204 ERROR: INST HEALTH_STATUS TEMPZ = MaM is RED_LOW
2017(08/22 20:23:54,221 ERROR: INST2 HEALTH_STATLS TEMPZ = Nakl is RED_LOAW
2017)08/22 20:23:56,221 WARN: INSTZ HEALTH_STATLS GROUND1STATUS = UMAVAILAELE is YELLOW
2017/08/22 20:23156,221 INFO: INSTZ HEALTH_STATUS GROUMDZSTATUS = COMMECTED is GREEM

fog]

0g
0a
0g
2017[08/22 20:23:57. 221 WARN: INSTZ HEALTH_STATUS TEMPL = -75.27975 is YELLOW _LOW!

« o]

Fig 1. Command and Telemetry Server

The Command and Telemetry Server acts as the hub of the real-time portion of COSMOS. All commands and
telemetry packets pass through this tool ensuring everything that happens is logged. It provides real-time
commanding, telemetry reception, logging, limits monitoring, packet routing, and system status.

Copyright © 2017 Advanced Maui Optical and Space Surveillance Technologies Conference (AMOS) — www.amostech.com



& Replay
File  Help

Log File Selection

Playback Control

E=N ECR =

Browse, ..

L.« JL « Ji <« JiL = J

Delay: [Ne Delay

Status:  Stopped

File Position

Start; 2017108122 20:23:06. 164 -0600 Current:

2017/08/22 20:24:33.302 -0600

End:

2017/08/22 20:24:33.302 -0600

2017/08/22 20:24:16.203 WARM: INST HEALTH_STATUS GROUNDISTATUS = UMAYAILABLE is YELLOW
2017/08/22 20:24:16.203 INFO: INST HEALTH_STATUS GROUNDZSTATUS = CONMECTED is GREEM
2017[08/22 20024:17,203 INFO: INST HEALTH_STATUS TEMP1 = 23,601250000000007 is GREEM_HIGH
2017/08/22 20:24:19,203 IMFC: INST HEALTH_STATUS TEMPZ = -7.525364 1601562435 is GREEMN
2017[08/22 20:24:21.204 WARN: INST HEALTH_STATUS GROUNDZSTATIS = UMAYAILABLE is YELLOW
2017/08/22 20:24:25.203 WARM: INST HEALTH_STATUS TEMPL = 63, 15365 is YELLOW_HIGH
2017/08/22 20:24:26.203 INFO: INST HEALTH_STATUS GROUNDLSTATUS = CONMNECTED is GREEM
2017[08/22 20024:26,203 INFO: INST HEALTH_STATLS GROUMDZSTATUS = COMMECTED is GREEM
2017/08/22 20:24:29,204 ERROR: INST HEALTH_STATUS TEMP1 = 82,92985000000002 is RED_HIGH
2017[08/22 20:24:31.204 WARN: INST HEALTH_STATUS GROUMDZSTATUS = UMAYAILABLE is YELLOW

Fig 2. Replay

Replay simulates the Command and Telemetry Server for telemetry packet log file playback. This enables use of
any of the real-time tools with logged data. Replay is great for playing back scenarios and viewing them on

telemetry screens.

I

& Lirnits Monitor
File  Help
Lirnits Log

-

(=] E )

Monikored Limis State: [ e Some deems damared Y ¢

INST HEALTH_STATUS TEMPZ:

INST HEALTH_STATLS TEMP1:

INST HEALTH_STATUS GROUNDESTATILS:

IMST HEALTH_STATUS GROUMND1STATLIS:

IMST HEALTH_STATUS TEMPS:

-16.031 C(5) .:*:- [ Ianore Ikem ][Ignere Packet]
-31.479 C .:_:. [ Ignare Ikem ][Ignere Packet]

LUMNAYAILABLE

[ Ignore Ikem ][Ignere Packet]

COMNECTED | Ignore Item [1gnore Packet|

-8.451 C (5] -_:. [ Ignore Ikem ”Ignere Packetl

Warning: Some Telernetry Items are Ignored

Fig 3. Limits Monitor

Limits Monitor monitors telemetry with defined limits and shows items that are currently out of limits or have
violated limits since the tool was started. Expected violations can be easily ignored.
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P

ﬁ Cornmmand Sender E@

File  Mode Help

Target: IINST * | Command: |COLLECT "H Send J

Description: Starts a collect on the instrument

Parameters:
Marre Walue or State Inits Description L
TYPE: SPECIAL 1 Collect type |
DURATION: 10 Collect duration
OPCODE: AR Collect opcode
TEMP: [IN1] C Collect ternperature

Command History: (Pressing Enter on the line re-executes the command)

crnd("INST COLLECT with TYPE MORMAL, DURATION 1.0, OPCODE 171, TEMP 0.0")
crnd("INST COLLECT with TYPE SPECIAL, DURATION 1.0, OPCODE 171, TEMP 0,0")

crnd("IMNET COLLECT with TYPE SPECIAL, DURATION 1.0, OPCODE 171, TERP 0.0") sent. (2)

Fig 4. Command Sender
Command Sender provides a graphical interface for manually sending individual commands. Drop down selection

of every command and command parameter in the system makes sending individual commands easy. A history pane
makes resending previous commands easy.
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File  Action: Help

Cornrnand Sequence : Cifgit/COSMOS demo/outputs/sequences/sequence bt

Stopped

Skart

J

Pause

J I Skop

Target: IINST

* | Command: | COLLECT

v||  add

Time (Delay or Absoluke)

Cornmand

2017/08/22 20:34:45.647

INST ABCRT

2

INST CLEAR (Hazarous)

S

INST COLLECT with TYPE MORMAL, DURATION 1.0, OPCODE 171, TEMP 0.0

Description; Starts a colleck on the inskrument

Parameters:
Marne Walue or State Units Description
TPE: MNORRAL i Collect type
DURATION: 1o Collect duration
OPCODE: IER0] Collect oprode
TERP: 0. C Collect temperature

x| x]/x]

Sequence Outpuk:

2017]08/22 20:35:25,560:
2017]08/22 20:35:25,701:
2017]08/22 20:35:25,702:
2017]08/22 20:35:27.776:
2017]08/22 20:35:32,887:
2017/08/22 20:35:32,898:

4+ Sequence Starked FHF

AR MING: Stark bime 2017-05-22 20:34:45 -0600 has already passed!
INST ABORT

IMNST CLEAR

IMST COLLECT with TYPE MORMAL, DURATION 1.0, OPCODE 171, TEMP 0.0

#+* Sequence Compleke ¥+

Fig 5. Command Sequence

Command Sequence allows for creating a sequence of commands that can be executed as agroup. Commands can
be absolute time tagged or have relative delays between commands. The full GUI capability of Command Sendor is
available to customize indivual commands.
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-

-f kest.rb

i script Runner : CfgitfCOSMOS dermo/proceduresftestrb

Runining

test.rb

€] ] l Pause

J |

Zputs "z
a3 puts LR
4 puts "4
5 puts "5
= puts LAl
7 puts "7
8 puts "5
9 puts "o
10 puts m10"
11

12 play wavr_file(File.join

14

15 cmd( "INIT CLEAR™)
16

17 5.cimes do |index|
15 puts index

19 end

20

2l if false

ZZ2 puts false

Z3 else

24 puts true

25 end

13 value = ask('Enter the 1

2 Ask >

Enter the value

data','cada.wavw'))

m

Scripk Output:

Z017/08/22 20:54:19,415 (test.rb:7): 7
2017/08/22 20:54:19,519 {test.rb:5): 5
20170822 20:54:19,624 (test,rb:%): 9
2017/08/22 20:54:19,720 ftest.rb: 10): 10

Fig 6. Script Runner

Script Runner executes test scripts and provides highlighting of the currently executing line. Scripts pause if any

error occurs, breakpoints can be added, and lines can be re-executed after a problem has been corrected.
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ETest Runner EI@

File  Script  Help

Pause on Error Manual Test Suite:  |ExampleTestSuite I'_ Start: _'I I'_ SefLp _'I I'_ Teardown _'I

Continue Test Case after Error Loop Testing Test Group: |ExampleTest I'_ Start _'I I'_ Setup _'I I'_ Teardown _'I

Abort Testing after Error Break Loop after Error | Test Case:;  test_2 [ start |

Executing Test Case: ExampleTest : setup Pass: 0 Skipr o Ralh 0| | 0%

Paused I'_ Go ) I'_ Pause | I'_ Stop |

ExampleTestSuite example_test.rb

6 # with 'test_' to ke picked up by TestRunner. -
7 class leTest < C i:Test M
g def initialize

9 super(}

10 end

12 # Setup the test case by doing stuff
13  def setup

14 status_ bar("sscup"”)

15 puts "Funning #{Cosmos::Test.current test_suite}:#{Cosmos::Test.current test}:#{Cosmos::Test.current te

16 wait{z)

17 end

15

19 # test 1 wverifies regquirement 1 A
4 | i »

Script Qutput:

2017/08)22 20:54:55,542 (SCRIPTRUMNNER): Starting script: ExampleTestSuite

2017/08{22 20:54:55,794 (ExampleTestSuite: 1) Marshal load success: C:/gitfcosmos/demofoutputsitmp/marshal_f36375994a55b127caa65b1 904389682, bin
2017/08)22 20:54:58,266 {example_test,rb:15): Running ExampleTestSuite:ExampleTest:setup

2017/08/22 20:55:00.270 (SCRIPTRUNMER): User pressed Pause

Fig 7. Test Runner

Test Runner provides a high-level framework for system level testing including automatic test report generation.
Test Runner brings the best features of software unit level testing to system level integration and test by breaking
tests down into easy understandable test cases. Users can execute entire test procedures or just the specific test cases
they need to run for integration or regression tests.
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File  View Help

Q
Target: [InsT ~ | Packst: [HEALTH_STATUS -]
Description: Health and status From the instrument
Ttem Walue i
g *TEMPIMAAX: 94,94380000000001
q *TERPLMAIN: -95.05545
10 *TERAP IMELM: -4,821639999393991 [
11 *TEMPLETDDEY: 52.39506403915517
19 TIMESEC: 1503456994
0 TIMEUS: 454347 |2
21 PETID: 1
27 COLLECTS: 2
23 TEMP1L: -76.9910C |
24 TEMPZ: 45,400 C
5 TEMP3: 4914 C
26 TEMP4: 8,745 C
37 AR TV, IV, STV SV, S
Temperature #1

Fig 8. Packet Viewer

Start Collect:
(0x00000002

NORMAL

G602 O | -25.28
3,5297242187500046 (G}

COMMECTED
UMAYAILABLE

2017/08/22 20:57:23.484
Screenshok

Fig 9. Telemetry Viewer

Packet Viewer provides real-time visualization of every telemetry packet that has been defined. Values within
packets are displayed in a simple key-value format that requires no configuration. An autocomplete search bar

makes finding values easy.

Telemetry Viewer provides custom telemetry screen functionality with advanced layout and visualization widgets.
Tabs, graphs, limits bars, and other animated displays can be quickly created. Also, Telemetry Viewer can
autogenerate a base set of screens for every telemetry packet that can be customized as needed.
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J_ Telernetry Grapher - Cifgitfcosmos/dermofconfigitaalsflm_grapherftim_graphertd
File  Tab Plot  Data Object  Help

Skop

I

Funning
Stark J I Pause I I
Seconds Plotted: 100,00
Paints Saved: 1000000
Paints Plotted: 1000

Refresh Rate Hz: 10.0

Data Objects:

Il INST HEALTH_STATUS TEMPL
I INST HEALTH_STATUS TEMP2
I INST HEALTH_STATUS TEMP3

INST HEALTH_STATUS TEMP4

Add Housekeeping Data Object:

Tab 1

100
900,
700
50.0
300
100

-10.0,

300

500

700

800

-110.0
21:.07:31.484

Time (Seconds)
INST HEALTH_STATUS TEMP1
INST HEALTH_STATUS TEMPZ2
INST HEALTH_STATUS TEMP3

21:09:11.454

P e T A NN

i Vi

Fig 10. Telemetry Grapher

Telemetry Grapher provides real-time and offline graphing of telemetry data. Supports both line and x-y style
plotting, with multiple tabs, plots, and items per plot. Includes built-in analysis functionality to graph min, max,

difference, and standard deviation.
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__?g, Data Wieweer EI@

File Tab  Search Help

Running Stark | | Pause | | Skop |

Health Skatus ADCS Other Packets INST Health Stakus INSTZ Health Status

ol e e ol ol i e i e i il il i i ol e il e il il i i e ol il il i i e e ol i e o e

* INST HEALTH STATUS
* Receiwed Time: 2017708722 20:558:36.485

* Beceiwved Count: 1860
oo o o ol e ol ol il el el el ol i ol ol el i ol ol o ol o

oooooooo: 00 01 C7 44 01 §1 59 9C EF 5C 00 07 63 FE 00 01 D ¥ v «
oooooolo: 00 02 EC B& YF CO 00 00 A1 BD 85 8E 00 01 02 03
o00oo00zZ0: 04 05 06 07 05 09 40 A0 00 00 OO0 00 00 00 00 00 ]

00000030: 00 00 00 00 00 00 00 00 00 00 OO0 00 00 00 00 00
oo0ooo040: 00 00 00 00 00 00 00 00 00 00 OO0 00 00 00 00 00
0000o0050: 00 00 00 00 00 00 00 00 00 00 OO0 00 00 00 00 00
000000s0;: 00 00 00 00 00 00 00 00 00 00 OO0 00 00 00 00 00
000ooov70: 00 00 00 00 00 00 00 00 00 00 OO0 00 00 00 00 0o
000o00os0: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 oo 0o
oo0oooso: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 oo 0o
000000&40: 00 OO0 00 00 00 00 00 00 00 00 OO0 00 00 00 oo 0o
000000E0: 00 OO0 00 00 00 00 00 00 00 o0 00 00 00 00 oo 0o
o00oooco: 00 00 00 00 00 00 00 00 00 00 OO0 00 00 00 00 00
0oQooopo: 00 00 00 00 00 00 00 00 00 00 OO0 00 00 00 00 00 -

Sawe Text ko File

Fig 11. Data Viewer

Data Viewer provides text based telemetry visualization for items that don’t fit into other data visualization
paradigms. It is great for scrolling log displays and memory dumps.
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EE Canfig Editor: C:/git/COSMOS/demo/config/targets/ INST/cmd_tim/inst_tim b =0 E=h ==
File Edit Search  File Type Help
Marne - insk_tlm, bxt
4 @ config | TELEMETRY INST HEALTH STATUS BIG _ENDIAN "Health and sts? -
@ data & <%= render "_ccsds_Elm.t,xt,", locals: {apid: 1} %> TELEMETRY
© @ system 3 APPEND _ITEM COLLECTS 16 UINT "Nurber of c Defines anewtelemetry
a @ targets 4 LPPEND ITEM TEMF1 16 UINT "Temperature| s ey
- @ EXAMPLE 5 POLY READ CONVERSION -100.0 0.00305 P
& POLY WRITE CONVERSION 32768.8585246 327.86885
a INST — _ .
0‘ & cmd_tim 7 UNITS CELCTIUS C Parameters:
- ] FORMAT _STRING "%0.3£" T A
= arget Reguired
@ _ccsds et g LIMITS DEFAULT 1 ENABLED -80.0 -70.0 60.0 80.0 -20. g ¢ _q )
@] _cosds timiod 10 LINITS TVAC 1 ENABLED -80.0 -30.0 30.0 80.0 Mame ofthe target this telemetry
@/ inst_emds.bt 1 LINITS RESPONSE example limits response.rb PRELTERD EREERlEE W
@& inst_tlm. ot 12 APPEND_ ITEM TEMPZ 32 FLOAT "Temperature |INST v|
- @ dac 13 POLY READ CONVERSION —100.0 0.00305 )
@ lib 14 POLY WRITE COMVERSICH 32768.885246 327.86885 Cormmand  (Required)
. @ procedures = 15 UNITS CELCIUS Mame ofthistelem_etrypacket._
. @& screens 16 FORMAT_STRING "50.3£" Algoreferred to as its mnemaonic.
i 17 LIMITS DEFAULT 1 ENABLED -60.0 -55.0 30.0 35.0 Must be unigue to telemetry L
O sequences 18 LIMITS TVAC 1 ENAELED -60.0 20.0 30.0 35.0 packets in this target. Ideally will
© @ tables 13 APPEND ITEM TEMP3 16 UINT "Temperature he as short and clear as
@ tools 20 POLY_READ_CONVERSION -100.0 0.00305 passlile.
@/ cmd_tim_servertdt 21 POLY WRITE CONVERSION 32765.585246 327.56885 HEALTH_STATUS
@/ targetixt 22 UNITS CELCIUS C o )
@ SYSTEM 23 FORMAT ZTRING "30.3£" Endianness (Required)
- @ TEMPLATED 24 LIMITS DEFAULT 1 ENAELED -25.0 -10.0 50.0 55.0 Indicates if the data in this packet
- @ tools 25 LIMITS TVAC 1 ENABLED -15.0 -10.0 20.0 30.0 i in Big Endian or Litlle Endian
: i 26  APPEND ITEM TEMP4 16 UINT "Tenper &t ure format
@l 27 POLY READ CONVERSION -100.0 0.00305 (B16_ENDIAN =
© @ outputs 28 POLY WRITE CONVERSION 32765.585246 327.86885 =
@ procedures 23 UNITS CELCIUS C Description  (Optional)
@ tools a0 FORMAT STRING "40.3£" e
] 31 -80.0 -70. . . )
|| ERROPR_widgetsyaml LIMITS DEFAULT 1 ENABLED -80.0 -70.0 60.0 80.0 e g e A
@] Gemfile 32  APPEND ARRAY ITEM ARY g UINT 80 "irray data” with quotes
Gemfileock 3 UNITS VOLTS V -
= ‘ v b salth and status from the instrument”
@ | Launcher 8
1:13 TELEMETRY Cornmand and Telemetry Configuration

Fig 12. Config Editor

Config Editor provides GUI contextual help when editing COSMOS configuration files. The left pane allows you to

easily navigate the COSMOS project in a directory tree. The right pane provides descriptions and drop downs for the

current line being edited.
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E Telernetry Extractor
File  Mode Item Help

Configuration

Configuration File:

=N ECR =

Save.., ” Browse. ..

ITERA INST ADCE TIMESECOMDS
ITEM INST ADCS TIMEFORMATTED
ITERA INST ADCE Q1 RS

ITEM INET ADCE Q1

ITERA INST ADCS QL FORMATTED
ITEM INST ADCS QLWITH_UNITS
ITERA INST ADCEWELX RANY

ITER IMNET ADCEWELX
TTERA TMIST AN S WELY FRRRAATTED

m

-

Q | addmem || AddPacket | | Add Target |

Target: |EXAMPLE v | packet: [STATUS ¥ | Ttem: [PACKET_ID

v || addmtem || AddPacket | | add Target |

Zalumn karme: Texk:
Downsample Seconds: 0.0
File Selection

Log Files:

Browse, ., ” Remawe

Chgith COSMO S dermotoutputshlogs\2017_08_22_20_27_37_tlm.bin

Output File: CgitCOSMOS demotoutputstlogs\2017_08_22_20 27 37 Hm.bxt

Time Period Stark: WA [ Clear l [ Seleck l

Time Period End: Min [ Clear l [ Select l

Packet Log Reader: Cosmos::PacketlogReader
Process Files l [ Open in Text Editar ] [ Open in Excel l

Fig 13. Telemetry Extractor

Telemetry Extractor extracts telemetry packet log files into CSV data. Highly configurable and supports batch

processing to output multiple files at once.
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E Comrnand Extractor EIIEI

File  Mode Help

Log Files: Browse. .. ” Remove ]

Cutput File: ChgithCOsMOSidemaloutputsilagsi2017_08_22_20_27_40_cmd.bxt

Time Period Start:  MiA ’ Clear ] ’ Select ]
Time Period End: MiA ’ Clear ] ’ Select ]
Packet Log Reader:  Cosmos::PacketlogReader

Process Files ] ’ Open in Texk Editor ]

Fig 14. Command Extractor

Command Extractor extracts command packet logs into human readable text.

s

;2 Handbook Creator E@

File  Help

lﬂ Create HTML Handbooks

l Create PDF Handbooks

[Create HTML and PDF Handbooks

’ﬁ Cpen in \Web Browser

Fig 15. Handbook Creator

Handbook Creator creates html and pdf documentation of available commands and telemetry packets.
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.ﬂTahIe Fanager EI@
File Table Help
Definition File: C:/gitfcosmosfdemofconfigftools/table_manager/ConfigTables_def.bxt
Binary File: C: faitfC0SMOS demafoutput s fhables Canfig Tables . dat
MC COMFIGLIRATION TLM MONITORIMG PPS SELECTION
Walue i
SCRUB REGIOMN 1 START ADDR 00
SCRUB REGIOM 1 EMD ADDR [:3FFFFFF
SCRUB REGIOM 1 ERROR CHECK SIFE 010000
SCRUB REGIOM 1 THROTTLE COUNT 01770
SCRUB REGIOMN 1 THROTTLE TICKS 02
SCRUB REGIOMN 2 START ADDR 00 E
SCRUB REGIOM 2 EMD ADDR [:3FFFFF
SCRUB REGIOM 2 ERROR CHECK SIFE 010000
SCRUB REGIOM 2 THROTTLE COUNT 6000
SCRUB REGIOM 2 THROTTLE TICKS 2
DURP PACKET THROTTLE §5EC) 2
rAERAORY SCRUBBIMG EMABLE
SI0C MEMORY COMFIG 3 -

Fig 16. Table Manager

Table Manager is a binary file editor that can be used to create or edit configuration tables or other binary data.
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£ Launcher EIE@

File  Help

2 x0T

Commatd Replay Lirnits Sirmulated COSMOS
and Monitor Targets
Telernetry
Server

Commanding and Scripting

Command  Command Script Test Runner
Sender Sequence Runmer
Telemetry
E —r
8§ cosvos] ™
Packet Telemetry  Telemetry Data Viewer
Wiswwer Wiewwer Grapher
ILtilities
101001011101
0HOM00I010
[+)
CMD
(@ cosmos|figycosvos]
Config Editor - Telemetry  Command  Handbook Table
Extractor Extractor Creator Manager

Fig 17. Launcher

Launcher provides a graphical user interface for launching each of the tools that make up the COSMOS system.
Supports launching any application that can be started from the command line.
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Fig 18. COSMOS Architecture

Fig 18 shows how the 17 applications that make up the COSMOS system relate to each other and to the targets that
COSMOS is controlling.

5. CLOUD DEPLOYMENT
Deploying to the cloud provides several benefits for the SSA C2 ground system operator. Once COSMOS has been
deployed to the cloud any user can connect to the deployed instance to operate COSMOS. The cloud also provides
scalable infrastructure to allow COSMOS to handle increased processing loads by simply scaling the deployed
instance. Once on the cloud, COSMOS can interface with existing cloud applications and services much easier than
if it were deployed on a standard workstation.

Due to the cross-platform nature of COSMOS, it can be deployed to the cloud in many different instantiations.
Amazon Web Services (AWS) provides images for Windows Server, Red Hat Linux and Ubuntu which have all
successfully hosted COSMOS. Installation on the Windows Server instance is as simple as running the COSMOS

installer and starting the Launcher.
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Fig 19. Windows Server AWS
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Deploying COSMOS to Red Hat or Ubuntu on AWS requires installing a GUI desktop and then simply running the
standard COSMOS Linux installer script. COSMOS has successfully been run through XWindows or VNC on both
architectures. Fig 20 depicts COSMOS running on Red Hat Linux with SSH X forwarding to a Mac OS machine

running XQuartz.
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Fig 20. Red Hat AWS X Server

Fig 21 depicts COSMOS running on Ubuntu Linux through a VNC Client. This solution was found to have much
better performance than SSH X forwarding.
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Fig 21. Ubuntu AWS VNC Client

6. CONCLUSION
Ball Aerospace COSMOS is a free and open source command and control system that is immediately available for
use. It provides a wealth of functionality, much of which is not even available in expensive proprietary tools. It has
been deployed to AWS and is ready for use in operational programs. COSMOS has extensive heritage as it was first
developed in 2006 and has since been used to develop and test more than 30 flight programs at Ball Aerospace
including GMI, OLI, Kepler, WISE, OMPS, Ares, Orion, and numerous defense programs. Since being open
sourced in January 2015 it is now being used with at least 10 major corporations and numerous Universities. For
more information and to get started with Ball Aerospace COSMOS please see http://cosmosrb.com.
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