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What i1s a CubeSat?

Very small satellites built to
standard dimensions 10cm

cubed
1U, 2U, 3U, or 6U in size

Typically weigh less than
1.33 kg (3 Ibs) per U.

Science purposes vary from
one to another

Short life spans




MinXSS CubeSat

COMPLETED IN PROGRESS FUTURE
CONCEPTUAL NASA DESIGN & FLIGHT BUILD INTEGRATION DELIVERY MISSION
DESIGN PROPOSAL PROTOTYPE & TEST & TEST NOV 2014 OPERATIONS
2012 2013 2013 Now Now 6 MONTHS

Second CubeSat build & designed
by AES/LASP

Part of a graduate project course

40 students have worked on it

Performing solar research

3U in size




MinXSS CubeSat

= Science Purpose:

To better understand solar flare
soft x-ray (SXR) emission of the
sun and its effect on the earth’s
ionosphere, thermosphere, and
mesosphere (ITM)

Energy [keV]
10.00

= Resolution better than 0.15
keV full-width half-max.

Flux [photons s cm™ Ang™']

= Spectral range that hasn't
been fully observed

Example flare spectrum

1.0 10.0
Wavelength [Ang]




MinXSS CubeSat
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Data Vis & Orbital Software M/E'@;

CuUBESAT

= Purpose of software: = Why does it help us?

create ground software for Monitoring HK data is key
visualizing & comparing the part of satellite operations
CubeSat’s state of health during flight & also during
with it's orbital location pre-flight tests

To fully understand the

_ changes in housekeeping
= Housekeeping Data - such data

as temp of instruments &
power levels

= Made with IDL user-
interactive widget




How the Software Works

| Conve rt raW data 1 st derivative of Mean Drag termor

Narne of Satellite Motion or Ballistic Coefficient  radiation pressure
(11 characters) coefficient Element Nurber

packets from CubeSat intermational DB YIS | o dervative of Mean &ChT hi

Designator  Fraction - Motion, usually blank Ephemeris

. . . : Type
into useful engineering v
0.00000140 ' 00000-0 '{ 67960-4)0
. 2\11416 A98.5105 0012788 1 63.28228)(206.0650X14.24200202G346978
units (C, V, A, etc.)

/

Satellite  Inclination Eccentricity Mean Anormaly

u T L E tO L a t/ L O n g hirmaker Right Ascension Argurrent Mean Motion

of the Ascending of Perigee Revolution niumber

calculation courtesy of Hode at epoch & check sz
Chris Jeppesen

» Currently reads ISSTLE X-Ray Spectrum Graph

Graphs of subsystem
temperatures/power supply
voltage/battery state of charge

Time

Lat/Lon

I—> / Y —_— Orbital Location Map
Calculations

Housekeeping & 5 User Selected
Science Data ‘1’ Options

TLE Data




Software Features

Users'Chnstina\Goog'= Dn
File Edit Source Project Macros Run Window Hep

=) 1 ."/.-.‘v AR f/."i\;
s bW X - = @
Open  New File  New Project Paste Undo Back Compil Run Sop Reset
[ Pro... 22 | 5= Out... |89: Vari...| = O Emims:'dm_visz.pm 3 82im: calculatorpro
pa T IPATH = strjoin(path_name) + ;' + !PATH
- path_name[1] 'MinXSS Server\5eoe Ground Software\§939 MinkSS_Date _Vis Software\sgpd
17 SGPY IPATH = strjoin(path_name) + ;' + !PATH

first_char = st
first_char = first_char|

file_date = strmid{filenawe,
file_date = st

t(file_cate,

for their

ManXS5 Rew Durp

first_char, 14)
_ . fextract)

file time = sf (file date[3], "-', Fextracl)
print, file date, file_time
hk_day = double(file cate[1]) + double(file_time[0])/24. 4+ double(file_tiwe[1])/60./24
file_jd ymd2jd(file_date[2]+2000., file date[0], hk_day)
4 4 f 4 | ha ( ' rar
hk_initial = gp
1) and hk inftial It (file 94406 020833) then oacket tine = 4 else packet tiwe = file 44

£ hk initial =t
.

88 10L Console 1 | Y Command History " Problems

£ CACLULLLT HIDALEU CL. FLIASI_UmMiM_vios W) e WJUICI I AL AP LLIC WSUNLE Ui LVE WILAIS JCI ¥

Current Directory: C/\Users\Chnstina\Google Drwve\ MinXSS Serv...ound Software' 8030 MinXSS Data Vis Scftware

AUCUT Ul DU DU LD € WUJU FILADD UOLE Vil JUl L3I C WBILIADD USLO VidL. Y

< FMATNS

% Procedure was compiled while active: MINXSS_DATA_VIS2. Returning.

% Compiled wodule: MINXSS DATA_VIS2
¥ Compilad module: XSS_DATA_VIS_EVENT.

¥ Compiled module: MINXSS_DATA_VISZ.
% Compiled module: MINXSS DATA VTS _EVENT.

Wntanle Semart Insert 5:3




Mission Tests

= Purpose:

To prove capabilities of Data Vis
Software and DataView commands

To assemble a functioning integrated
prototype

Mission Early Operations

Phoenix Mode

Comm powered on

Antenna deployed
Safe Mode

ADCS powered on

Command Solar Panels Deployed
Science Mode

X123, SPS-XPS power on

For ground testing: Power Supply/
Solar Panel Simulator powered on/off




Mission

==

2 DataViewPC - MinXSS_DataView_COM6_verl2.dvc

File

Edit Source Action Window

Tests:

DataView

[o6F] Definitions

Il [T+10011 = 15:37:45

Running P=66667 (E33335)

A}

%% Limit - Switches

-] DataView Definitions

-] Records / Packets
=-(] Dataltems
(Z3 CCSDS Header
(3 CoH

(23 SPS-XPS
(3 coMM
(C] XACT ADCS
(Z1 MotherBoard
(] Diagnostic
=] Dump Files
MinXSS Raw Dump

(21 Plot Windows
(2 Limit Windows
=-] Commands

(L3 MinXSS Cmd
(L] Scripts

Toggle Power SPS-XPS
He HA"L::CCSDS:Z 1 "M

Toggle Power X123
He H'AL:CCSDS:Z2 "M

Toggle Power ADCS
He H*"A*L::CCSDS:Z3 M)

Toggle Power COMM
He H'AL:CCSDS:Z 4 "M

Toggle Antenna Deploy
He H*A*L::CCSDS:Z6 “M™J

Toggle Solar Array Deploy
He H'AL:CCSDS:Z7 "M

Toggle Battery Heater
He H'AL:CCSDS:Z 8 "M

Toggle X123 Flipper
He H*A®L:CCSDS:Z 10 M)

Set Phoenix Mode
He HAAL::CCSDS:M 3 M~

o || & | &

Enable SPS-XPS = 1DN
Enable X123 = 1DN
Enable ADCS = 1DN
Disable COMM = 0 DN
Enable Ant Deploy = 0 DN
Enable SA Deploy = 0 DN
Enable Batt Heater = 0 DN

Enable Flipper = 0 DN

Ops Mode = 48

Set Safe Mode
He HAAAL::CCSDS:M 12 AW~

Set Science Mode
He HAA"L:CCSDS:M 48 *M")

%+ Limit - CCSDS Pa... | =

%% Limit - Radio =)

[ >
Radio Cmd = 1003 hex

Time GPS = 1009677426 sec
Time Fraction = 242 msec
Time Adjust = 4946 ticks
APID= 44

HK Data Length = 248 bytes
HK Seq Count = 3334

LOG Data Length = 58 bytes

= | =

#¥: Limit - CDHMon...[ o |[ @

Ops Mode = 48
CDH State = 32,

#¥s Limit - Li-1 Radio Control

Li-1 Radio No Op
He H*A"L:CCSDS:C 1 M)

Li-1 Radio Reset
He H*A®L:CCSDS:C2 "M

Li-1 Radio Transmit
He H*A"L:CCSDS:C 3 "M

Li-1 Radio Get Config
He H*A"L:CCSDS:C5 "M

Li-1 Radio Set Config
He H"A*L::.CCSDS:C6 "M

Li-1 Radio Telemetry
He H'A"L:CCSDS:C7 "M

Li-1 Radio RF Config
He H*A*L::.CCSDS:C9 "M

Li-1 Radio Beacon Data
He H*AL:CCSDS:C 16 "M\

Li-1 Radio Beacon Toggle On-Off
He H*A*L::CCSDS:C 17 "M~

| S| S| S amm— am—— e

Li-1 Radio Firmware Version
He HAAL:CCSDS:C 18 "M\

COMM Last Cmd = 17
COMM Last Err = 31
Radio Temp= 0C

[,

Limit - X123 Data o || =@ | =R
X123 Fast Cnt = 232
X123 SlowCnt= 0
X123GPCnt= 0
123 Accum Time = 2994 ms
X123 Live Time = 2994 ms
X123 Real Time = 3004 ms
X123 HV =-1205V
X123 Det Temp = 228.0 K
X123 Brd Temp= 42.0C
X123 Flags = 800222 hex
X123ReadErr= 0
X123 Write Err= 0
X123 Compress Info= 0
X123 Spect Length = 3072 B
X123 Group Count = 0

X123 Spectrum = 253776 DN

v

%+ Limit - SPS-XPS ... [ = |[ &

SPS Pwr Temp= 0.00C

SPS 3.5V = 0.000 V

SPS Dig 5V = 0.000 V|

SPS Anag 5V = 0.000 V|

SPS Det Temp= 0DN

XPS Det Temp= 0 DN

SPS-XPS Diode Counts

HK Dark Diode =
HK XPS Count =
HK SPS-1 Count =
HK SPS-2 Count =
HK SPS-3 Count =

SPS-4 Count = -1929379840 DN

SPS Position

HK SPS X = -1.000 FOV|

HK SPSY = 0.000 FOV

HK SPS Sum = -655294550 DN

imit - EPS Monitors
EPS Temp1= 314C

Batt FG SOC = 99.40 %

Batt Volt = 8.400 V
5V Volt = 4984 V

LastCMDID= 0
Last CMD Status= 0
CMD Count= 0
CMD Bad Count= 0
CDH Batt V =35.052 V

E\Y,,' Limit - Temperat.. | o || @ || &
CDHTemp= 278C
EPS Temp1= 314C
EPS Temp2 = 30.1C

3.5V Volt = 3.480 V

Batt-2 Volt = 8.200 V

Batt Temp-1= 20.3C

Bat Discharge Cur =

o | &8 =
EPS Temp2 = 30.1C

Batt FG Volt = 8.378 V

Panel Current = 492.0 mA
5V Current = 600.0 mA
3.5V Current = 116.0 mA

17.3mA
Bat Charge Cur= 37.5 mA
Batt Temp2= 203C

MB Temp1= 26.1C

Radio Data Size = 252 DN CDH Batt V2=8.716 V

Radio Checksum = f45 hex

LOG Seq Count= 35
SCI Data Length = 252 bytes

CDH5V=5207V

MB Temp2 = 25.1C

SA1 Temp = 4011.0 DN
SA2 Temp = 4095.0 DN

SA3 Temp = 4093.0 DN

COMM Temp= 0.0C

CDH 35V =0878V SPS Pwr Temp = 0.00C

B ) CDHTemp= 27.8C
Log Msg1 = BatH0=0f Switch Enables = 0007 Hex

LogMsg2= f SD HK Write = 42867
Log Msg3 = [

SD MSG Write = 68 o -
Log Msg4 = SDDIAG Wiite = 0 % Dump: MinXSS_Raw_Dump_07_24_14_12-48_So
Log Msg5 =

- SD SCI Write = 31724
Log Msg6 = SD ADCS Write = 78668
SD XIMG Write = 78668

SCI Seq Count = 13562
SA1 Volt = 17.848 V

SA2 Volt = 17.848 V
SA3 Volt = 17.856 V

SA1 Current = -36.0 mA
SA2 Current = -112.0 mA
SA3 Current = 96.0 mA

File: "C:\Users\rocketiDocumentsiDataViewADump Files}
MinXSS_Raw_Dump_07_24_14_12-48_SolarArraySimulatorTestingBatt(

Number of Records Written: 66667
Last Record: Housekeeping




Mission Tests

First seven were debugging
flight & ground software

Comm board got too hotin
this structure

Radio command worked
sometimes

Found that DataView has
problems receiving mouse
actions when processing
too much data

Temperature (Deg C)

-3

w

-

(Assembled oh CubeSat Card Cage)

comm_Temp

radio_temp

—— EPS_Tempt |

— —EPS_Temp2 f

—— Batt_Tempe |

. — BATT Temp1 |

1485 14.90 14.95 15.00
Hours of the Day

(Mission Test 6 Data)
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Mission Test 8

Battery Pack

Power Supply "Integrated prototype”

Comm Board

Power Supply used to simulate
the sun charging the solar panels

Ran for little over one complete
(ISS) orbit

Used Heavens Above

Battery heater toggled on/off to
test command

Radio command returned error




Mission Test 8

B MinXSS Data Visualization

Orbital Location & Data Visualization Pl
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Mission Test 9

Solar Panel Simulator used to
simulate the sun charging the
solar panels & batteries

Pre-entered power on/off AN/ catiey

time delays Pack

Ran for multiple (ISS) orbits

X123 Powered off during
eclipse

Solar Panel Safety
Power Switches




Mission Test 9

B MinXSS Data Visualization
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Mission Test 9

B MinXSS Data Visualization
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Mission Test 9

B MinXSS Data Visualization

@\LASP
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Summary of Accomplishments

Battery testing for NanoRacks

Created Data Visualization
Software

Performed Mission Tests

Validated functionality of MinXSS
hardware monitors

Helped to improve MinXSS flight
software operations modes

Proved capabilities of Data Vis
Software




Future Work

Improvements to perform
real time analysis and
plotting during ground
tests

Data Vis Software will be
used to analyze flight
data
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