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Abstract

The Electron Losses and Fields Investigation (ELFIN) 1s a student run cubesat project at UCLA
with a pair of spin stabilized 3U+ cubesat currently in LEO, each using three custom scientific
instruments to study precipitating electrons and correlating them with EMIC waves. Due to
heavy constraints on instrument commanding and power consumption, most of the flight
software 1s necessarily custom made and low 1n computational power; prebuilt control systems
are incapable or ineffective at interfacing with the low level procedures of the flight computer,
so most of the ground software 1s analogously custom.
ELFIN ground control software is a suite of python modules working in tandem to assist
satellite operators by turning logical commands into radio messages for the flight computer as
well as receive, parse, and store satellite responses. A high degree of automation is also included
to accommodate for the varying availability of student operators. We present the design,
methodology, and lessons learned for future CubeSat applications.
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ELFIN software diagram. ADCS and ESN segments are condensed
to blackbox representations. Two instances of the Commander,
Telemetry Parser and Planner are used concurrently - one for each

of the two ELFIN satellites.

Activity Types | Scripts

Scripts

Name
» downlink_utils
payload_temp
» payload_utils
» science_ops
» science_config
» Fc_utils
» fc_utils_looping
> pwr
» acb_utils
¥ comm
» comm/beacon_on
» comm/beacon_off
» comm/pre_pass_134
» comm/pre_pass_short_134
» comm/post_pass_134
» comm/pre_pass_135
» comm/pre_pass_short_135
» comm/post_pass_135
» comm/pre pass 136

/' Verify | | = Verify All | | Add new section | |Delete SECTION | Delete Script(s)

New Scripts

name section

Remove New Script

Toggle Lines

e User Interface for

commanding and
planning

® Server-side command

automation

e Recal-time telemetry

parser and graphing

e (entral database for

storing state and
planning information

® Interconnection with

ADCS and ESN
segments for automation
and maneuvers

e Secrver published state

Telemetry Information

Start Address Stop Address Status

0x10000
0x14000
0x16000
0x17000
0x18000
0x19000
0x19160
0x1a000
0x1a400
0x1ab00
0x1ab00
0x1ab20
0x1ab30
0x1abg0
0x1abbo
0x1abdo
0x1ac30
0Ox1ac50
0x1ac70

address

0x11000
0x15000
0x17000
0x18000
0x19000
0x19160
0x1a000
0x1a400
0x1ab00
0x1c000
0x1ab12
0x1ab2b
0x1ab83
Ox1aba3
0x1abc7
0Ox1ac23
0Ox1ac43
0x1ac67
0x1acc3

UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN

length/end

ELFIN Activity Manager

Schedule Entries

Address Date

46 |0x168 INVALID DATE

47 0x170 INVALID DATE

48 |0x178 INVALID DATE
49 |0x180 2018-11-06 12:28:20
50 0x188 2018-11-05 23:25:00

51 0x190 INVALID DATE
53 0x1a0 2019-04-25 05:00:00
54 0x1a8 2019-04-25 12:45:00
55 |0x1b0 2019-04-25 15:45:00
v 56 Ox1b8 2019-04-25 15:50:00
Extract Write 57 (0X1cO  2018-11-05 23:59:00
58 0x1c8 2018-11-06 00:06:30
59 |0x1dO 2018-11-06 09:00:00
60 O0x1d8 2018-11-06 10:51:00
61 |0x1e0 2018-11-06 10:52:00

62 Ox1e8 INVALID DATE

63 |0x1f0 INVALID DATE

64 Ox1f8 INVALID DATE
65 |0x200 2019-07-24 03:15:01
66 |0x208 2019-07-24 09:30:09

Commit All

67 0210 2019-07-24 09:29:54

ELFIN B

Executed/Stale

EXECUTED
EXECUTED

EXECUTED
EXECUTED
EXECUTED
EXECUTED
EXECUTED
EXECUTED
EXECUTED
EXECUTED
EXECUTED

information to ensure
consistent operations
across multiple modules

Last Refresh
00d 00h 00m ago Invalid script address: 0x1e0e1

Target Script

00d 00h 00m ago ' Invalid script address: Ox1e2e0

00d 00h 00m ago Invalid script address: Ox1e1e2

00d 00h 00m ago 0x1c110: fc_utils_new/fc_dump_all_hskp
00d 00h 00m ago 0x1b210: comm/pre_pass_145

00d 00h 00m ago Invalid script address: Ox1e1e2

00d 00h 00m ago Invalid script address: 0x1e0e1

00d 00h 00m ago 0x1a920: spin_up_bact

00d 00h 00m ago 0x1a9c0: spin_off_bact

00d 00h 00m ago 0x1a680: enable_collect_s3d125

00d 00h 00m ago 0x1a7a0: collect_stop

00d 00h 00m ago 0x1c050: fc_utils_new/acb_collect_s10_7min
00d 00h 00m ago Invalid script address: 0x185f0

00d 00h 00m ago 0x1¢130: fc_utils_new/fc_postone_reboot
00d 00h 00m ago Invalid script address: 0x18ae0

00d 00h 00m ago Invalid script address: 0x13300

00d 00h 00m ago ' Invalid script address: Ox1e2e0

00d 00h 00m ago Invalid script address: Ox1e1e2

00d 00h 00m ago Invalid script address: 0x1e0e1

00d 00h 00m ago 0x1a8¢0: att_collect_Ir

00d 00h 00m ago 0x102a0: DL_section_2_PL_im2

00d 00h 00m aao ' 0x1b490: comm/pre pass 149

Toggle Symbols

Above: State information displaying state on on-board scripts and scheduled executions. Updated 1n real-time.
Below: Plotted magnetometer data from the Attitude Control Board (ACB) MagnetoResistiveMagnetometers (MRM).

Commanding Interface

ELFIN Commander - production

File View
[= Console * Commands | E= Log Command Load = Downlink Generator = Interface Settings
Command Dispatcher Buttons
Command sat_id Attempts Max Attempts Actions
1 |DEBUG elb 0 31 Re-queue
2 |Postpone Reboot + FC Read MemMap elb 51 51 Re-queue
3 Re-queue
4 Re-queue
5 Re-queue
6 Re-queue
7 Re-queue -
8 |Postpone Reboot + FC Read MemMap elb 0 51 Re-queue w =Save
9 |FC Read MemMap elb 51 51 Re-queue Load from Dock Dock from Load
10 Re-queue 35 b3 bt bd /U /2 b5 /3 /3 20 b5 dc
n jegueus GSED log message: Starting command file
12 Re-queue for ela
13 Re-queue GSED log message: Changing callsign to
14 Re-queue WJ2XNX
15 Re-queue GSED log message: Next load file is at
2019-07-25 13:37:18, in 642.0 seconds
16 Re-queue
GSED 1log message: Starting command file
for elb
17 Re-queue
GSED log message: Changing callsign to
18 Re-queue WJ2X0X
19, Set stale 0002e0 et 14 3 Re-queue GSED log message: Next load file is at
20|Set stale 0002e8 elb 0 31 Re-queue 2019-07-26 01:01:38, in 41060.0 seconds
21 Set stale 0002f0 elb 0 31 Re-queue 35 62 6f 6Ff 74 20 69 6d 32 ed
22 Set stale 0002f8 elb 0 31 Re-queue
23|Set stale 000300 elb 0 31 Re-queue 91 01 b0 01 32 b6 -
24 Re-queue 35 63 6f 6d 70 20 65 20 7 —-":\._ N
: ;" R
25 Re-queue 96 04 00 00 04 11 Ge 518 68 15 0% LA
| N
26 Re-queue 35 64 6¢c 20 72 65 61 6 ] y
cer?2 rmd & INPLL_FCM _COMPRESSED.__ckark — 2019-N7-22 N3-3NNN_end — 2N19-n7-22 na-3n-0N L emAd7: 35 49 44 50 55 Sf 45 50 -
color Legend: [T 9 Staged [EENTINEEN Completed  EIEEEN 4d 50 52 45 53 53 45 44 J
[>Auto-Play Clear Display | | € Cancel Queue C'Refresh release-1.4.15

3 e 1

List of currently and previously sent commands. Commands may be constructed and queued for sending via the
embedded python terminal. The commanding interface also contains elements to modify ESN/GSE daemon server

settings

Planning Interface

File

Lusst
Tabs

WALLOPS

Commit
¢
Translate

Configure

L]

Refresh DB

2019-07-24 23:51:55 UTC | Epoch

2 Calendar | @& Console Log and stuff Settings

ELFIN Planner

[Going to put a preview bar here]

< July 2019 B calendar Options Details
sun Mon Tue Wwed Thu Fri Sat Selection Method:
27 1 2 3 4 5 6 days
28 7 8 9 10 1 12 13 Goto Time:
2019/07/25 02:21:12  ~
29 14 15 16 17 18 19 20
Now Go!
30 21 22 23 24 “ 26 27
Track
31 28 29 30 31

32

KNUDSEN|

Horizon | 2019-07-27 00:04:11 UTC

Long term planning via inserting downlinks, S e T Sl D
data collection, script executions, or ADCS B e
maneuvers into the interactive timeline o o St e | s T, O
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Automation

File View

=) Console “ Commands &5 Log

Command automation 1s
achieved by pre-uploading a

Reload Passes

~| Command Load | Downlink Generator = Interface

timestamp

ELFIN Commander - production

Settings

description

Postpone Reboot + FC Read MemMap

bytes delay after retries
N/A, special command 5000

50

3500

lwiLoad

Upcoming Passes (Orbit Number) |1 [None Scriptify
» 4800: Thu 2019-07-25 00:03:49 ; . v O iR ; =
2 None ump_clock: {'offset": 0, 'verify': True, N/A, special command 5000 50 3500
. . 4801: Thu 2019-07-25 01:36:29 Jimer { J } hizp Opelete
timestamped list of commands T Aca e ey ap W spesslconmard 5000 0 s
» 4807: Thu 2019-07-25 12:03:49 4 |None DEBUG b"\x06\x01\x00\x00" 10000 30 3500
» 4808: Th 19-07- :37:1
to the < }S E daemon S erver » 42?? Thﬁ 5813,83_52 ;;‘;O:Sg 5 None FC Execute Script at address 177A0 b"\x06\x01w\xa0' 30000 30 3500
° » 4816: Fri 2019-07-26 01:01:38 6 None Echo comp Fgm q + IDPU 2 packet count from @2019-07-25 18:00:00 to @2019-07-25 20:00:00 N/A, special command 5000 30 3500
» 4817: Fri 2019-07-26 02:37:28
M » 4822: Fri 2019-07-26 11:30:34 7 None FC Dump UART1 (v) N/A, special command 5000 30 3500 A
e Comm an S ‘ N 71 e arse » 4823: Fri 2019-07-26 13:01:55
» 4831: Sat 2019-07-27 00:27:10 8 None sec1 cmd 0: IDPU_FGM_COMPRESSED , start = 2019-07-25 18:00:00, end = 2019-07-25 20:00:00 || cmd1: ... N/A, special command 3500 30 3500 v
» 4832: Sat 2019-07-27 02:01:02 .
d d h . h » 4837: Sat 2019-07-27 10:59:36 9 None sec1 cmd 2: IDPU_FGM_COMPRESSED , start = 2019-07-25 18:00:00, end = 2019-07-25 20:00:00 || cmd3: ... N/A, special command 3500 30 3500
t t » 4838: Sat 2019-07-27 12:27:15 ; J s e _ 2T e : ;
an execu e re ac lng e » 4839 Sat 2019-07-27 14:02:49 10|/None sec1 cmd 4: IDPU_FGM_COMPRESSED , start = 2019-07-25 18:00:00, end = 2019-07-25 20:00:00 || cmd5: ... N/A, special command 3500 30 3500
. . » 4846: Sat 2019-07-27 23:53:14 11|/None sec1 cmd 6: IDPU_FGM_COMPRESSED , start = 2019-07-25 18:00:00, end = 2019-07-25 20:00:00 || cmd7: ... N/A, special command 3500 30 3500
» 4847: Sun 2019-07-28 01:25:44
tll I Iestal l l COI l es Ol l ln t e » 4853: Sun 2019-07-28 11:53:15 12/ None sec1 cmd 8: IDPU_FGM_COMPRESSED , start = 2019-07-25 18:00:00, end = 2019-07-25 20:00:00 || cmd9: ... N/A, special command 3500 30 3500 Save
2 » 4854: Sun 2019-07-28 13:26:28 :
» 4861: Sun 2019-07-28 23:20:38 + |13/ None FC Execute Script at address 100F0 b"\x06\x01\x00\xf0' 3500 30 3500 Export
. .
start of a communication pass. e
Timestamp Filename Spacecraft  Time Until ¥ Abort Timestamp Filename Status % Load
£] 2019-07-26 01:01:38 server/loads/elb_4816.load _ 18 |2019-07-20_13:13:03 shed
iForce |[19 [2019-07-20_13:23:1¢ % Upload
20 |{2019-07-21_00:38:24
& Delete

Future

21 |2019-07-21_00:48:24
22 |2019-07-21_02:12:06
23 |2019-07-21_12:38:26
24 {2019-07-21_12:49:0C
25 |2019-07-22_01:36:51
26 |{2019-07-22_01:47:1
27 |2019-07-22_12:04:30
28 |2019-07-22_12:14:20
29 |2019-07-22_13:37:29
30 |2019-07-22_13:48:05

Considerations

Further improvement to the software include more advanced and automated planning

C'Refresh

capabilities. Specifically, constraint checks on filesystem space, collection processing to
downlink pipelines, and de-conflicting collection times.We hope that developers of mission
operations software for future missions may take into considerations the methods we used for

automation, planning, and command handling and apply them to their own challenges.
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