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Psat USNA-0601

(g

ParkinsonSAT 1.5u CUBESAT ;%

Psat Xponder can also serve as complete

comms & C&DH in a cu/besat

1.5 Unit Cubesat

19" whip antenna

SSSSSSS

»New tiny 5W RF Xponder

8/22/12

»Simple Sun Pointing ADCS $50 Magnetometer
»Can support other SERB Payloads

>COTS solar panels $360 / s15,000)

2010 Navy SERB Vandegriff
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Psat USNA-0601

Psat Transponder Aux Payload

L —

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

{kinsonSAT VOluyi

Payload Volume
39 cu.in

5WW peak
1 W average

10¥ bus un-reg

0.25" Artenna Reserve

— 34| s:quare —

7”

»18 cu.in for Transponder
>External 19” whip antenna
»68 cu.in for Aux Payload (SPMS?)

0.6 Ky

.........

8/22/12

»Aux payload gets 4” external panel
s [l »Aug payload gets .5 kg - self contained
»>1 to 3W average power for aux payload

2010 Navy SERB

Vandegriff
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Psat Structure (& Thermal)

Was 0 C to 40 C on body

2010 Navy SERB
8/22/12



Psat USNA-0601 Psat Transponder Lifetime

Problem: Short life for LEO cubesat)

Graph: Satellitel - Lifetime

(<]
Start: [ 1 Jun 2013 16:00:00.000 UTCG Stop: | 1 Jun 2018 16:00:00.000 UTCG Step: | 60 sec
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> About 5 months for PSAT
> Not long enough for useful Comms support
» SO: BRICsat - Double Density, Double the life

2010 Navy SERB Vandegriff

8/22/12



Psat USNA-0601 Psat Transponder BRICsat

Psat-B contains same VHF xponder
but only body solar panels.

>Allows for 3"x3” BRICsat
> twice density, twice the life
»1W average power

2010 Navy SERB Vandegriff

8/22/12



Psat USNA-0601 Psat Deployment (@ T+30m

L@‘ $%-

Psat-A with Solar Petals ®
Psat-B with body panels
BRICsat with body cells

Common Separation
Mechanism

2010 Navy SERB Vandegriff

8/22/12 7



8/22/12

Psat

v Pointing requirements are relaxed

Sun Pointing Attitude
I Control System

+/- 32 deg for 85% power

v" High precision attitude control not

Sensors/ Magneto

MicroMag 3-Axis Magnetometer
SKU#: Sense-Mag3 Price: $54.95

Description: PNI Corp's 3-axis magnetometer
Ready for the big time? Low noise, large resolution
magnetic field sensing all packed into a user-

ur disposal. Stable over a
e MicroMag3 is a must

=iy
s 0.015uT
» SPlinterface - no additional circuitry needed

required
Power Available vs. Satellite Angle Required
100 T | T T T T
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Matlab Simulation of Modified B*dot

Modified Bdot Control
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2010 Navy SERB
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ﬁ Ground Station Control

Ground Station Software
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2010 Navy SERB
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Psat USNA-0601

USNA Transponder Block Diagram

Cubesat #A

145.825 hMHz
WHF RXA

Cubesat #B

TNC-A,

" WHF TXA

145.825 hHz
YHF R¥B

145.825 MHz

90dey
Phasing

Wﬁt between two cubesats
145.625 MHz

19" whips

TNG-B VHF TXB /
UHF RFIRX
401 MHz ODTML 401 MHz
UHF R¥ XPONDER UHF TX

8/22/12

—' aux

payloads

2010 Navy SERB
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Huge reduction from transponders on
Psat USNA-0601 PCSAT s 1,2, ANDE and RAFT missions

Earlier reductns to 5"
cubesat on RAFT (2006)

4:1
Now reduced 18:1
in volume/mass for
4” cubesat 2009
2010 Navy SERB

8/22/12 12



Psat (USNA-0601)

Psat USNA-0601 . :
" Operational Concept Graphic

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

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

SR T

124550 o Ariuy/Navy Foothall Run
(] Comms by ™~™73:%4 Kadig Ciun -
Lo sna,y

Education

-

Force

Multiplier!

The Yard Patrol Craft

2010 Navy SERB
8/22/12 13



Background
Psat USNA-0601

Small Platform Minimum Satcom

(SPMS) Background

» Small Platform Minimum Communications transponder allows any DoD vehicle
or small platform without satcom to use conventional HF (SSB) and UHF radios
for minimum SATCOM access not requiring any expensive SATCOM hardware.

|

Aot

!-~..‘..A!.rt‘-5*:,_;i'.m:‘ R -‘i_

The Yard Patrol Craft

105" length
Crew of about 25
Gluantity 20

e ————

Z= SATFAC - DigiPan =] B3
File Edit Clear Mode Options Yiew Channel Lock Configure Help

Call 1 I (B(F} I CallSl Call l BTU ISignoffI File I Swapl T/R I Mark | << l >

he digital bit for several years now and the sound

I . W6YQ DE KENY KN5NY W6YQ
Point it north, Stan

L LR
s £t
4 g 3 :

B

4 14 |[# BX: 20355 Hz Swap ||IMD: [Sq AFC [Snap [BPSK [05/16/02 [00:46:115z2 4

Up to 30+ text message channels in 3 KHz

8/22/12

2010 Navy SERB
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Psat USNA-0601 . L
Ground Terminal Applications Focus

Supports Student Experimenters world wide

(

TM-D700 Mobil



Mission Background

Psat Xponder Mission (Remote Data Relay)
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Psat USNA-0601 . L
Ground Terminal Applications Focus

Tactical Situational Awareness and Text Messaging

Last 100 stations!

TN

"63

23185 T

[

i FM DUAL BANDER TM-D710




Example Situational Awareness (in SLC Utah)

map.findu.com/N7RKB*
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Background  p_g AT Data Exfiltration Background ‘,

Psat USNA-0601

’

» Psat transponder can draw from thousands of experimenters for large

8/22/12

scale loading experiments and other SERB experiments.

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

/‘1

1.5 Unit Cubesat

19" whip antenna

4" by 7" cubesat <2 Four deployed
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

19



Small Platform Minimum Satcom
(SPMS) Background

Ground Terminal 1s Walkie-Talkie, and Palm Pilot

PCsat Aflocat Operations Test

CDR Chas Richards  W4HFZ (CO)

LTjg Brian Young KCSKLE
ETCS Curtis Mathews N1FDW
TH-D7 EN5 Brian Scrabek PCsat design tean
APRS HT

11
When you have no comms,
PalmPilot @

satailite” 1200 baud text/data is great!”
Tracking 4

CAPT Chas Richard

8/22/12 20



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 E
!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
8/22/12 21



Psat APRS Network Architecture

IGates World-Wide

Thula
Barrow -Sﬁﬁ-. ‘<'_’7 } N C3 -rcp PWstolenek_‘_—Hh
: ' IGE) Revkjavik
e e L el S Cm RUSSIA

aPR A
TCP

4 - r Rforas Tcl;‘ {}"‘5?:% TCPcp

Bliparton e" X %'3“3"’
* TBP f -
Smgapor @7 Taram ;
& Diego CF gp T”*’QA
' ] ek Ty
W, g
3‘ TCP
Capeto ,._ﬂf’

Global Volunteer Ground Station
Network

Internet Linked for live Telemetry

2010 Navy SERB
8/22/12 22



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)
/\ 4 \
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- oo E r —
- MSN map (North America) | B K3TH-14 | **\ | . | .[38.97383 -76. <628 [ / SW |08:23:06:224
- &:i map EEWCI’:;)C) | BBK3TH3 | ** | / [38.97400-76. 5631 SW [00:00-14:52
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* Click to see all stations on map
Based on the USNA Automatic Packet Reporting System



“Purple Force” Tracking [& T T T
88\ Map.findu.com/wb4apr*

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.corn Telernetry Plots

Live Example:

Tenperature telenetry

www.aprs.org/wb4apr-15.html

. over last 5868 hours (2234 points)
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Example Remote Sensors using APRS Protocol

€ babndiae . b, Very Simple
APRS transmitter

L) BTCHO-THEN 8 n-, e e

T ——

.........

o CIARTTE T
a ‘f“.‘l N .“ PR At s
Y i
A R
A SR Yer 1.4
< "
\ ;"“'1

Based on the USNA Automatic Packet Reporting System



Universal Ham Radio Text Messaging Initiative

wireless

APRS

Send/RX anytime, anywhere, any device by callsign

Q TN AR




Psat
USNA-0601

. L J
Naval Academy Student Project
* If free-floating, da not disturb.
*If aground, maove ta deep water
and advise bruninga@usna.edu

*If later than 30 Nov 2006, recaver
and advise abave.

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

..-.'.' -
A
b

' g R P
--i,(: - '::&&M =
B Dsace f

B Palm Pilot APRS display [
o ‘ running PalmAPRS | 3
Rome-Air T, N

Development -~ -Typcal Low Cost

Center = = 7= .  Experiment



Photo by Dave Dobbins K7GPS

“Purple Force” Tracking

Map.findu.com/w3ado*

Tactical situational awareness

11522 May 2004 '
Track oFkaBcoupe and the
i USI}IA s W3ADO-11 APRS tracker



APRS (Psat Transponders) 1in Space

« 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"

4

APRS s;pz;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
8/22/12 33



New slide (post presentation)
AX.25 One-Page Summary for Psat [45.825 MHz

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

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

Radiometrix
Bil\'ﬂH-H—Ll‘){H() ‘
500mWV NBFM Transceiver |

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
8/22/12 34



Constellation Operation of USNA Satellites

Allon 145825 MHz > %1

ARISS ‘\\ PCSAT2 ANDE
% Vzu N A ¢ .wv RAFT

PCsa m ) _i_\t\f\x

* Common YHFA/HF, VHF/UHF, UHFAYHF
USA * Global connectivity

* Overthe Horizon links

* 2, 3or4 hops extended range

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

* Continuity of service

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

2010 Navy SERB
8/22/12 35



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

total 4426 mi

.. PCSAT-1
b 3 4‘—-_,__ O
1758 mi

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 PCSATZ2 is just about as far as we
can get with satellte-to-satellite-to USNA. Notice how feww European or USA users were inthe
footprint making it more probable that PCSAT-1 could hear PCSAT2's signal. WB4APR

2010 Navy SERB
8/22/12 36



Dual Satellite 2-hop links
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2010 Navy SERB
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Global Volunteer
Groundstations

feed live downlink into Internet

DK3WN

Germany

PA3GUO Ground Station
RAFT/ANDE
Netherland

2010 Navy SERB

8/22/12



Psat USNA-0601 Sensor Buoy Baseline PCSAT validates our links
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Psat USNA-0601
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Psat USNA-0601

Prototype Buoy Data

_supply voltage telemetry for USNA-1 over last 248 hours (498 points)
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Google for
“USNA Buoy”
Select USNA-1
(or Buoy4)
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Psat Psat Alternate Launch Configuration

USNA-0601

v'Slim Jim approach

v'Deployer for Radar Buckyballs

v'Four independent subsatellites

v Two Psat’ s and two other Expts

1 - Satellite Launch Independent Missions of
v - Joint Integrated Micro Systems
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8/22/12 Paquette,
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