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Psat USNA-0601

o

ParkinsonSAT 1.5u CUBESAT ‘,‘

Psat Xponder can also serve as complete
comms & C&DH in a cubesat

1.5 Unit Cubesat

799

SSSSSSS

»New tiny 5W RF Xponder |
»Simple Sun Pointing ADCS $50 Magnetometer
»Can support other SERB Payloads

»>COTS solar panels $360 / (515,000

2010 NaVy SERB Vandegriﬁ:
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parusNA-0c0l  Psat Transponder Aux Payload

------------

wonsm Voluy
: 7 99

Payload Volume
39 cu.in

5WW peak
1 W average

10\’;;1”““9 »>18 cu.in for Transponder
o »External 19” whip antenna
»68 cu.in for Aux Payload (SPMS?)
»Aux payload gets 4” external panel
e : > Aug payload gets .5 kg — self contained
>»1 to 3W average power for aux payload

0.25" Artenna Reserve

— 34| équare —

2010 Navy SERB :
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Psat Structure (& Thermal)

Was 0 C to 40 C on body

2010 Navy SERB
3/15/16



Psat USNA-0601 CUBESAT Deployment

lm/s 1 Two Cubesats F g

{dual redundant)

d01

VT

Panel deployment force
and momentum add to
separation force between

cubesats K

Frant and back panels
not shown for clarity

AN
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Pat Sun Pointing Attitude e i

MicroMag 3-Axis Magnetometer

USNA-0601 Control System SKU# Sense-Mag3 Price: $54.95
Description: PNI Corp's 3-axis etometer

Ready for the big time? Lov , large resolution
magnetic field sensing all pack
friendly DIP medule at your disposal. Stable overa
perature range, the MicroMag3 is a must
have for orientation sensing and navigation

v Pointing requirements are relaxed
+/- 32 deg for 85% power |

Features:

I ).015uT
» SPlinterface - no additional circuitry needed

v' High precision attitude control not
required

Power Available vs. Satellite Angle Required

100 | T T T T T
— et | Cubesat
90 — Phi I
Maximum Power Power Goal
21 W
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% Phi = 20 degrees
T 70F z .
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< |
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o I S
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Matlab Simulation of Modified B*dot

Modified Bdot Control
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Ground Station Software

:3‘ Ground Station Control EI@@
Sun Magnetic [T] Torque X-Axis (Y-Z Plane) Y-Axis (X-Z Plane) Z-Axis (X-Y Plane) i Projections
] Mag Dipole [] Rate Des Torque 0 0 0
Constants Gains Modes 330 30 330 30 330 0

o O @) 300 60 300 60 300 60
Desires Paraér)neters Os . 270 %0 270 %0 270 90
O Operational Mode @ Telemetry Mode 240 120 240 120 240 120
210 150 210 150 210 150
@ EMsat |cleared b 180 180 180
O losat s
Commer Wodow A AA AR AN AA A AL e
i AR RTARY Savara —t —
; WAL AR AN AU e
1 i MR Y{ T
I LT ¥, LR 1
| | WAV —s —8 —7 —1¢ — M —a
LI I ' T NI T IR Iy Wi=000 pm
= 5 5 [S010 18154 M=10583 Maie000 M=071 505000
Telemetry Modes Parsing A \Blattefy Currents Temperatures
;OOff none x Sn=155 oltage 1000
{1SunDL ‘stinnn Cm Sx.Sy.52 |Cm=2: B*dot 1 ] 1000
12 ControlDL "Atinnn Cm. Sx.Sy.Sz.Bx By Bz T Ty. Tz.Mx. =6 Sy=7 Sz=5 800
{3 RateDL ‘Rénnn Cm,Sx,Sy.S2.Wx Wy Wz |Bx=-143 By=56 Bz=3 | =00 \QQ
|4 HeathStatusDL 'H&hnn health and status | Tx=-3184 Ty=-8428 Tz=-5552 i 600 S
{5MagTestDL  'M#nnn mag,Bx.By,Bz Xmcal. Ymcal Zmcal Xmdel. Ymdel.Zmdel iMx=3  My=40 Mz=59 1 "
6SunTestDL ‘St sun.Sx.Sy.52.Xpcal Ypcal Zocal Xncal Yneal Zncal ; 600 400 R
| 200 ®
400 9
0 % - iy »
200 S F 1 A K g

: \f\‘/’ N \f’(&\’ ﬁ,@ﬂétp“’&@@&/\‘ A

COM Input | | 0

] ~

EMSAT>APTT4:A%00155,2,00006 -00007.-00005.-00143,00056,-00003,00000.00000.00000,00003 -00040,0005%

-

EMSAT>APTT4:A%00154,2.00007.00011.-00011.-00137,-00024,00056,00000,00000.00000.00001.-00001.-001042

éMSAT>APTT4:AnOO153,2.00007‘00004,00003,00135;00026.—00048.00000.00000,00000.00005.00039.000773

EMGATSAPTTZ-A400157 2 HNIR H0N07 HAN0R HH145 KNS HANTG 0NN HAKKN ADNNN AAAD -HHNAT N7 ™
EMSAT | Time Since Last Packet: |¥ 00:02 | SendStatus: [MEEREENMENEH| SENT! | Datalogging: On , C:\\PSAT Data_Log.txt

2010 Navy SERB
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Psat USNA-0601

5

USNA Transponder Block Diagram

Cubesat #A

145.825 hHz
WHF R¥A

Cubesat #B

TNC-A,

_._9.—

145.825 hiHz

90deqy
Phasing

\Nowsplit between two cubesats
145.825 MHz

19" whips

VHF RXB
L [145.825 MHz
TNG-B l VHF TXB J
UHF RFIRX
407 MHz ODTML 407 MHz
UHF RX XPONDER UHF TX

3/15/16
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payloads
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Huge reduction from transponders on
Psat USNA-0601 PCSAT’s 1,2, ANDE and RAFT missions

\
1,

Earlier reductions to 5”
cubesat on RAFT (2006)

.“r’%r?_ :

r s |
M hu' MJ' | l 4:1

Now reduced 18:1
in volume/mass for
4" cubesat 2009

2010 Navy SERB
3/15/16 10



Psat (USNA-0601)

Psat USNA-0601 : :
- Operational Concept Graphic

Ground Terminal Applications Focus (force tracking and text-messaging)

Supports Student Experimenters R
School missions/movements
Theater area communications
and Emergency Response Comms

Comms hy USNA Radio Club
. W3ADO R EA

Education

Force

Multiplier!

The Yard Patrol Craft 30 Nov 2001

2010 Navy SERB
3/15/16 11



Psat USNA-0601 . . .
Ground Terminal Applications Focus

Supports Student Experimenters world wide

|
\
W

- TH-D7 Handheld

WB4aPR, Bob




Mission Background

Psat Xponder Mission (Remote Data Relay)

FOCUS:
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&

Remote Sensor
Experiments

300 stations
In 35 miles




Psat USNA-0601 . . .
Ground Terminal Applications Focus

Tactical Situational Awareness and Text Messaging

Last 100 stations!

23

i/ FM DUAL BANDER TM-D710




Example Situational Awareness (in SLC Utah)

27 users in S.L.C map.findu.com/N7RKB*
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Background — p_ AT Data Exfiltration Background

Psat USNA-0601

£V

» Psat transponder can draw from thousands of experimenters for large
scale loading experiments and other SERB experiments.

/‘1

1.5 Unit Cubesat

The Flashline Mars Arctic
Research Station (FMARS)
2002 Field Season

19" whip antenna

P 4" by 7" cubesat iy 4| Four deployed
111 3 # solar arrays

16" across

¢ < Multiple transponders
on smaller picosats can
):“ form a constellation for
greater coverage and
reduced latency.

» Not only the sensors and users exist, but the global Internet
collection and distribution system also exists from PCSAT1 & 2.

2010 Navy SERB
3/15/16



Small Platform Minimum Satcom
(SPMS) Background

Ground Terminal 1s Walkie-Talkie, and Palm Pilot

PCsat Aflcocat Operations Test

CDR Chas Richards  W4HFZ (CO)

LTjg Brian Young KCSKLE
ETCS Curtis Mathews N1FDU
TH-D7 ENS Brian Scrabek PCsat design tean
APRS HT

“When you have no comms,
1200 baud text/data is great!”

PalmPilot
Satellite” 4
Tracking

CAPT Chas Richard

3/15/16 17



Psat Global Internet linked Comms Network

Global APRS Real-Time Connectivity (Endto-End Everywhere )

PCsat, 155, PCSAT2, RAFT,
ParkinsonSAT, or ECHO

&

wuzzZ
email - /

engine
Global APRS
!o{b Internet connectivity
LIVE! IGate live RF COMS
Y N\
E
1 PCsat.aprs.org
i www.anss.net
Footprint Comms IGate

IGates everywhere

on the planet AND Every APRS user connected to the internet is
AUTOMATICALLY an |IGate to RF for his area (think cellular)

APRS Global Packet Radio Network

Internet Linked for live Communications

Automatic Packet Reporting System

2010 Navy SERB
3/15/16 18



Psat APRS Network Architecture ‘;:

IGates World-Wide

Thule
Barrows ’S\ﬁ" } N Cz "rcp PWstoleneh_’wm
: ' Iqa Revkjavik
- 4 q S s S i Cm RUSSIA
- - L " o wx‘a }]I 'L
(T on g X | e Vs e s TGP ‘ m TGFcP ‘.-“. o 4
i 7o, ' TeMD)]
¥l Sl e : TI:P o ""
Hawai@ T I DIA it Wake,
- : q_o i3 %Buam
0 f
¥ Smgapor il ‘5:93' Tarawa ;
& Diego CF gp "FQ‘{;}\\
‘ / )3
» g
cEug!
ecke( | 1" Capeto 1P
*\.mﬁ Cunha sp o

Global Volunteer Ground Station
Network

Internet Linked for live Telemetry

2010 Navy SERB
3/15/16 19



APRS Experiment Data Access (via internet)

http://map.findu.com/wb4apr* to see data on ANY experiment in the world

APRS Stations Near WB4APR-9 (last 240 hours)

I/\ / \
Gouogler Call c msg W | lat lon /distance \direction {Last Position
((findU links for WB4APR- # WB4APR-9 | == | _\39.00000 -76.5000¢ 0.0 00:06:02:46
7 f====¢ { [ 7 79-10-
Nt AT | @A vA3ADG | 4 | . | . B899717|-76. ~0410 03 | \sw [0522:10:17
- Raw APRS data ¥ WB4APR-1 ; :’: == | [18.99033 -76.49860| 06 | |s [00:00:1128
SNIGSSHeES e e e P et e o fiici b2 epesagsee ppogsampyaps oo peepauued u souoysiad LUSUpTpES
NGk ¥ WE4APR9 | 1= | . | - [3p98667 7649283 | 09 | BE [00:0323:42
= Metric units | * WB4APR-3 | f* [**|. 3p98500|-76.48350) 13 | $E [00:10:5508
e “ KB3 k| . | [3%02567-7650067| 15 | N [01:00:57:40
- Display track KB3KAK 9| F* | . |. 3902567 -765 L2 OS2
- APRS Map Manager coverage @MvaeN | P | | 3971507649717 17 | B [060721:19
e - k= (= [3403200 76350p67] 19 | N [00:08:58:06
- Topographic map SR e i D e {5793 ot ] OO0
- Aerial Photo ds WBIHAIS | [* | 3397067|-76.48%00| 20 | SE [00:02:2547
_ APRSWorld map e e Q =
_ hide Goopls Maps | @ N3MNT-9 | §* | [3p02117-7646400 25 | FE [0621:1431
@N3HU-9 | A= | . [. [3p.01833|-76.44467| 33 00:02:18:02
External links for WB4APR- s — W | = ...v; ...................
9 | @ N3KNP | (== [ [§897233[-76.55017| 34 | 104:01:37:14
s | BS W3AFE | 1\ (2= | . p9.03517|-76. 451(\0 36 | /NE 100:02:14:24
= Q0! T T T
Mo (orth Aneiic) | B K3TH-14 | **\ | . | /3897383 -76. <628\( 4.1 /sw 108:23:06:24
: MEIN miap (Fucope) W i3TH3 | *=\| . [/ [3897400(-76.56317 100:00:14:52
- MSN map (world) eegEnte gt pentaepeute pentpE R SN B BRI R
| TonoZone | &NsHU | = N_A. [39.04017|-76.44183 100:00:01:28

* Click to see all stations on map

Based on the USNA Automatic Packet Reporting System




“Purple Force” Tracking 4§ T RTITN CT
&8\ Map.findu.com/wbdapr*

Map.findu.com/wb4apr*
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Where to See it ALL

e
Satellite

e s
oL

Global Comm system

http://aprs.fi



Findu.cormn Teler

Live Example:

Tenperature telenetry

metry Plots

www.aprs.org/wb4apr-15.html

. over last 5868 hours (2234 points)

40 —

30

20
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f,!
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0
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‘21

I
Jan 15

T
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I I
May 20 Jun 14

| |
Jul 9 Aug 3




Example Remote Sensors using APRS Protocol

"

Very Simple
't;f ﬁ —,J,x

AﬁS transmltter

L3 BTCHO-TRM D88 n o, Ny Tt

mm‘:ﬂ"»l - . c‘-' "
TP . . . ... ... .
RPN clrims, 2

*ﬁl;., i Rk

---------

......

Based on the USNA Automatic Packet Reporting System



Universal Ham Radio Text Messaging Initiative

HAMHUD

VX-8R

wireless

APRS

=5 —
EcholLink

Send/RX anytime, anywhere, any device by callsign

[INAIH)




Psat
USNA-0601

*Naval Academy Student Project *

*If free-floating, do naot disturb.

*If aground, mave to deep water
and advise bruninga@usna.edu

*If later than 30 Nav 2006, recaver

and advise above.
® L J

2006 15:1 reduction

See Buoy Location and Telemetry at
http://www.ew.unsa.edu/~bruninga/buoy4.html

Piggrem



DOD Synergy with Educational Experimenters

Based on the USNA Automatic Packet Reporting System

 GPS antenna

: —) Palm Pilot APRS dlsplay g o
runnlng PalmAPRS | )

| ?

?b - . ‘—‘_'."'..__‘.
Rome- Air : ‘, Rl PR
Development - " -Typical Low Cost

Center == - . Experiment



“Purple Force’, Tracking o S ' Photo by Dave Dobbins K7GPS

Map.findu.com/w3ado*

Kenwood THDZ ' | I
APRS Radio | | |

‘‘‘‘‘

1522 May2004

Track oFAMchoupe and the !
7 .USI}IA s W3ADO-11 APRS tracker AT

F..-.WL._ e

—_—



APRS (Psat Transponders) in Space

e

« 2001 PCSAT-1  Prototype Comm (semi-operational)
« 2006 PCSAT2 on ISS (returned after 1 year)

« 2007 ANDE de-orbited in 1 year

« 2008 RAFT de-orbited in 5 months

» 2007 Present ISS semi-operational due crew settings

Experimenters need a continuous Transponder in Space

Each RAFT satellite
is 5" x 5" x 5"

S . Obj# 29664 A o

APS épz;ce requency is published as 145.825

See live downlink on http://pcsat.aprs.org WWWw.ariss.net



Huge reduction from Previous APRS transponders on
PCSAT’s 1,2, ANDE and RAFT missions

\ Now reduced 18:1
in volume/mass

[

2010 Navy SERB
3/15/16
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New slide (post presentation) 1 4 5 ) 82 5 MH
AX.Z 5 One-Page Summary for Psat .

Mission: Remote Data Relay, Data Exfiltration, Remote Sensor Relay

Benefit: Support Space Education on the ground through space applications
and student experimental access ‘

Radiometrix ==
BiM1H-144.390-10
|

Hardware: VHF simplex data Xsponder 145.825 MHz
Size/Mass: < 10 cu.in (1 PCB 3.4” square), <0.1kg

Power: < 1W orbit average, 5 volts.

Integration Requirement: Simply, on/off (or *)
Structure Impact: Needs 19 thin wire whip antenna (1 cu.in)

Benefit to Spacecraft: High visibilty to worldwide educational
institutions, fosters collaboration, orders of magnitude greater student
experimental access to space systems (ground segment). * Independent back-up
telemetry command/ control channel, RS232 serial data, 16 on/off discretes,
backdoor reset capability. Worldwide Telemetry Beacon access via global
station network. 2010 Navy SERB
3/15/16 31



Constellation Operation of USNA Satellites |

Allon 145,825 MHz %

ARISS \\ PCSAT2 ANDE
% v}u T .\w RAFT

PCsa m ) _i_’:\r‘\x

* Common YHFAHF, VHF/UHF, UHFA/HF
USA * Global connectivity

+ Overthe Harizon links

*+ 2, 3or4 hops extended range

* Jointoperations (4 x 6 or 24 passes per day)

* Continuity of service

Africa

WBAAPR See live downlink on http://pcsat.aprs.org www.ariss.net

2010 Navy SERB
3/15/16 32



Dual Hop Operations with PCSAT-1 and PCSAT?2:

total 4426 mi

.. PCSAT-1
1758 mi
2701 mi |f

03,19,2006 17:56:53.00 UTC 3. PCSAT2

During the March 2006 joint PC1===PC2 operations period, numerous dual hop elemetry and
user packets were observed. This telemetry packet from PCSAT2 is just about as far as we
can get with satellte-to-satellte-to USNA. Notice how feww European or USA users were in the
footprint making it more probable that PCSAT-1 could hear PCSAT2's signal. WB4APR

2010 Navy SERB
3/15/16 33



Dual Satellite 2-hop links

| U8 4e

— N e KB GUE
4 1 WDSEEV ———\ YWB4APR
S et

,.:_'__.MQSU_(_)_&_

l, A ‘———#J\

90 . NA411

SR 13
30 I SS_ X N45SN44
@ RS | - g | E 5!

s N\ m—l_i%—i—;*lum “Statute M1 —f_jjllr‘ack Mem | A
[APRY did not see IGIveat of youxr Iast wacket,...l e Inrut Mar Ovrs HX ESetupr

2010 Navy SERB
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Global Volunteer
Groundstations

feed live downlink into Internet

DK3WN

Germany

PA3GUO Ground Station
RAFT/ANDE
Netherlands

2010 Navy SERB

3/15/16



Sensor Buoy Baseline PCSAT validates our links
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Prototype Buoy Data
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