Starten
met
AMmateur
Satellieten

lvo Klinkert PA1IVO Satellietdag Apeldoorn
Henk Hamoen PA3GUO 25 April, 2015



Agenda

= Amateur satellieten

= Geschiedenis
= Wat zijn Cubesats ?

Satellietbanen
= Kepler sets & Tracking software

= Doppler Effect

= Apparatuur
= Antennes & rotoren, voorversterkers & filters
= Zenders & ontvangers, Computerbesturing

= Verbindingen maken
= Spraak & digitaal, transponders & repeaters
= Zendamateurs & Universiteiten & NASA

= Vragen

Henk Hamoen & Ivo Klinkert, 2015



Amateur satellieten

= Ferste;: OSCAR-1 -1961
= Qudst werkende: AO-7 - 1974
= Grootste: AO-40: 450kg - HEO - Ariane 5

= Duur =» 2¢ payload
= Cubesats: kleiner & goedkoper

= Nederland: Delfi-C3, Delfi-n3Xt,
AO-73 (FUNcube-1) !
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Wat zijn Cubesats ?

= Stanford University

= Prof. Twiggs - 1998

= <1.33 kg

= 10 x 10 x 10 cm units
= 1U, 2U, 3U, 6U, ...

= Eerste lancering: 30 juni 2003
= “Support Hands-on University-level Space Education”
= 50+ gelanceerd, 300+ in ontwikkeling
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Voorbeelden van Cubesats
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Cubesats in 2014 = $$$
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CubeSatShop.com

Power Systems

Solar Panels

Welcome to the CubeSstShop, the one stop webshop that offers & broad range of produ|

Cube Sat Structures

Communication Systems

CubeSatShop.com

The one-stop-shop for all your Cube Sat and nanosat systems...

nanosatellites in general. The webshop offers off-the-shelf and subsy
manufacturerss.
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National Asronautics and Space Administration

CUBESAT ELaNa VI LAUNCH ON
L-36 Mission

CXEN wes devalopsd and buiit by Morshesd State Uni-
varsity in Kentucky. s primary pupoes iz o incraass the
precizion of messursmentz of the Coemic X-Fsy Back-
ground in the 30-50Kel rangs. CXBN aleo will provicls
a short-duration suppiamant to NASA Badistion Bak
Storm Protes mission &nd iz outitted with stats-of-the
art Cadmium Zing Telurids-bssad x-rey snd gemms- ray
dstectars.

Mizsion Overview

MASA iz partnering with the Mational Reconnaissancs
Office (MRC) ta lsunch small ressarch satsllites, or
CubaSats, for four univarsities on the third installment
«of the Educstional Leunch of Mancastslliits [ELahlz) mis-
sion. The Launch Sanvicss Program at NASA's Kennady
‘Spacs Camsr n Florida mansges tha ELaNa missions,
The CubsSats will bs flown & part of the Operationally
Unique Technologies Satellta, or OUTSet, an auxikary
payload sboard the Atlaz V' 401 rockst acheduled to lift
off Aug. 2. Thres Poly Picosatsllits Orbital Daploysre, or
P-PO0a, will camy and deploy the ELahA VI CubsSats.

The ELaMa CubsSat Launch Iniiative snables univer-
sity students to obtain hands-on experience and gives
private industry scoses to a low-cost vehicls. Sincs itz
noeption in 2010, the progrem has eslectsd mors than
80 CubsSats from private and public institutiona arcund
the U.5., including = that were launched success-
fulty on the ELaNa [l mission. The ELaMa VI CubsSats
wera chasen from a prigritized list of univeraities that
responded to two public ennouncements to NASA's
(CubaSat Launch Initistive in 2011, NASA will announcs
anothar call for proposala in mid-Auguat. It will closs
n Hovember.

Basic CubeSat Facts:

+ Built to standard dimensiona of 1 unit, or 1U_ which ia
equal 1o 101011 ¢m
= Gan be 1U, 2U, 3U, or U in sizs
~Waigh less than 1 1/3 kg (3 Ibs) per U—&U may b= up
1214 kg
» Deployed from standard Paly-Picosatslite Orital
g

CubeSat Deployment

Four CubsSat projects were aslactad for the ELaNA VI
mizzion. The NRO funded the Nevel Fostgraduts School
to dewslop MESGuL, which can attach up to sight P-
PODS 1o & 3ingle edaptor. This alows up to 24 single-unit
{1U} CubeSata to belaunched at one tims. The CubsSats
on OUTSat are sponsared by sither the NRO Mission
Suppert Diractorate or MASAm Launch Servicse Pro-
gram. The B-000 waz designed and manufactured by
the Califormia Polytschnic Stats University {Cal Paly) to
intagrate CubsSats onto the lsunch vehicle. This P-POD
design hes flown previeusly on Defenes Depariment,
MASA, and commercial launches. For HASA, Cal Paky in-
‘tagrates the CubaSata with the P-POD and provides the
entire azsamily to the launch vahicls intagrator.

After the main paylosd deploys, the CubeSats wil ssp-
arate from their P-POD=. Afier 45 minutse in orbit, the
COubsSet tranamittara will turn on and university ground
stations will listan for their baacons, detarmine the small
satallitee’ functionality and snnounce operational ata-
tus. CubsSat mission durations and orbaal Bs vary, but
& anticipated to lest af lesst 180 days. Lpen mission
complstion, the CubeSats fall 1o Earth, buming up in
the atmoaphsre.

CPs was devalopsd end bullt by the Caffomis Pofy-
technic Stefa University in Sen Luis Obispo. fis primery
pupass i to test & daployeble spececralt de-orbiting &
thin-fim mechanizm consisting of & ministurs solar sail.
Afier the esil deploys, observations wil ks mads fram the
ground to dstact any alftuds or valocity dagradation of
the spacscraft.

NASAfacts




Satellietbanen

6 baan-parameters

= Soort baan:
= |nclination
= Mean Motion
= Eccentricity

Positie baan:
= RAAN

Positie satelliet:

LEO = Low Earth Orbit
HEO = High Earth Orbit
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AO13, AOA40: Ellips-vormig
LEO-satellieten: Cirkel-vormig (‘rond’)
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LEO banen

" | ow-Earth-Orbit (LEO) banen z
» Satelliet komt ongeveer elke 1,5 uur over -
e Passage maximaal rond 15 minuten

* Ongeveer 3 tot 4 passages, dan weer tijdje ‘niet-zichtbaar’
* Noord = Zuid of Zuid = Noord

= Footprint

* Gebied waarin met de satelliet een
verbinding gemaakt kan worden
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Satelliet positie =-# ’“‘;

-~

AQOS Aquisition of Signal
TCA Time Closed Approach
LOS Loss of Signal
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TLE’s

" Two Line Elements (TLE)

. :‘-“.i«:_a‘-'il

= Software berekent de satelliet poitie met TLE’s

1 350040 09028D 09156.84140383 .00003395 00000-0 87986-4 0 154
2 35004 40.4627 308.3133 0027431 81.4359 278.9560 15.39970114 2598

1 350040 09028D 09156.84140383 .00003395 00000-0 87986-4 0 154
2 35004 40.4627 308.3133 0027431 81.4359 278.9560 15.39970114 2598
incl RAAN e argofper MA MM

= Beschikbaar op internet:
http://www.celestrak.com/NORAD/elements/

http://www.amsat.org/amsat/ftp/keps/current/nasa.all
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Tracking Software

= PC:

= Orbitron

= SATPC32

= HRD

= NOVA

= Gpredict

= MacDoppler
= Tablets:

= App’s
= Online:

= www.Amsat.org
= Heavens Above

I

i0S

cN>=X0ID

1265403 W

Search period: 2005-05-10 252852 Time zone: UTC +2.00
20050511 122852 Total passes: 14 R

Localior: Torun [186107° E, 53.0217° N] 1235 (95

i 365

Tracked sat 38/66: IRIDIUM 53 Passes: 1 Not visible
NENEEEN ]
Tolal progress: Estimated fime: 0.0

NEEEEEN
Satting Waiting for dats.

jatslite: 402

TETE Passes
205,4° z - 3 Flares
B . 246 RDIUM 10
neta s 5 IRIDIUM 10 1188
454 k
FERLE 80
i 2 47 IRIDIUM 12 180
004007 I IRIDIUM 12
VAL 05 N,
o b
43"
e
o
S\.n.

':IL G4 a |Standard -4

Datei Babrwerfoloung Satelben CAT  Botorstewcrung Mode  Opficren  Erogemme  nie

OTH 80509 Cresankrk. Eai: +- i} Uplrk, 200700500 1k 5 D-Ran: UplDhrd
R- | €- | - | U+ [ 2401318,245 435666,863 =] =|=|=|/<| (0%.07.2001
M- Z1 Ju]i] 53— -4 _ 755 0,863 Tl === [B2:0@: 18 U

AO-51
Satellite Latitude: -
Satellite Longitude: -15

Home Latitude: 34.16
Home Longitude: -117.9

ftoFreq

AZIEL Frefs | satps | About

Satelite[PCSAT orbit [3880 Date [Fri fug 22 170227 2003 Los at [Fri dug 22 170334 2003
Lotitwde [ S6SON  Aeimuth [ 3761deg  Range  [2836.33km Atitude [508.36 km Phase  [1636 deg
Longitude [ 4772W  Elevation [+400 deg  Footprint [6108.60 km Velocity | 7.45 kmis squnt  [NA

Uplink Frecpency  [145525 I Fotor Doppler shift [302554 Hz  Doppler Frequency [145628.03kHz | Fadio
Downink Freguency [145525 Doppler Shift [-302554 He  Doppler Frequency [145621.97 kHz | Fadio
Mode[2PRS /]
Beacon Frequency  [144390 Doppler Shift [2995.77 He Doppler Frequency 144387 00kHz | adlio
[Eonnected to predict server version 2.2.2 on ki2od [Batelite isn dayight

Henk Hamoen & Ivo Klinkert, 2015




Doppler Effect: Wat is het ?

= Voorbeelden
* Formule 1
* Politie sirene
* Trein bij overweg
" Frequentieverschuiving

= Door snhelheidsverschil
bron €= waarnemer

= 0ok bij satellietsignalen!
" Typische LEO-passage:

e 145 MHz ~3 kHz
e 435 MHz ~9 kHz

%I

Doppler Effect: Sirene

fw:fb(ﬂ—ﬂvb)

en bij verwijdering van de waarmemer:

(o)

met

. fh de echie frequentie van de golf die de bron uitzendt,
« U de vooriplantingssnelheid van de golf in het medium en
» Uy de snelheid waarmee de golfbron beweegt in de richting van de waarnemer,
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Doppler Effect: Varieert tijdens een passage

= Goed te voorspellen als je weet: "\El

= Waarr jij (stil) zit
. ) LO19 CW 437 MHz
= \Waar de sateliet Is

AOS

= Hoe snel de satelliet gaat z_

= Grootst bij AOS en LOS T e
= Nul (slechts heel even) bij TCA
= Verandering van frequentie grootst bij TCA!
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Doppler Effect: Full duplex voorbeeld

tX: fsateliet
rx. fsatelliet
Satellietbaan
—>
i \‘
N L N
Vg V4 \ \
Ve d s d N AN
rX: fsatelliet = fooppler shift A ¥ P AN AN rX: fsateliet + fDoppler shift BY
vz NN
_ K 7 \ .
tX: fsateliiet + fDoppler shift A A e 4 X fsatetiiet - Tooppler shift B A
[ 144/235 mpz | | 1447235 muz |
= O = A B = O =
—l — - - — —
verwijderen aanvliegen

1:Doppler shit A ¥ # fDoppIer shift A A # fDoppIer shift BY # 1:Doppler shift B A
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Apparatuur: Antennes

= Y4 golf rondstraler werkt ‘aardig’
= Bijvoorbeeld voor ISS (sterk)

= Geeft zeker niet het beste resultaat

= Richtingsgevoelige antenne Is beter
= 4 elements (145 MHz) of 7 elements (435 MHz)

= Meer elementen - meer winst
maar: een kleinere openings hoek!

= VVoorbeelden: Arrow, DL6WU, DK7ZB
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Apparatuur: Rotoren

= Antenne moet de satelliet ‘volgen’ S
= Horizontaal (Azimuth: 360°)
= Verticaal (Elevatie: 90°)

= Redelijk nauwkeurig (5°)
= Openingshoek richt-antenne is klein

= Behoorlijk snel draaien:
= 45° .. 90° .. 45° elevatie in <5 minuten

= Optie: vaste elevatie op 25°
= Satelliet meeste tijd <40° elevatie

= Hand of Computer besturing (interface)
= Zelfbouw of bouwpakket (LVB tracker)
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Apparatuur: Filters, Coax, Voorversterkers

2412 El-Quad-Yagi 2418 El-Quuad-Yagi

4 b .
= ‘Mode-J’ filt
O e I er G-54008 heide Antennen
dher Urmwedleitungen
auf RHCP verkahelt

= Invloed TX op RX (harmonische) & s
* 145 MHz uplink bij 435 MHz downlink | " © T
TElcm
= Antennekabel (coax) DK3WN

= Portabele (<2 meter). gewoon RG58 gebruiken
= Vaste opstelling (rotor lussen etc. = 15 meter): goede coax

= \oorversterkers

= Niet nodig voor betere SNR (ontvangers goed genoeg)
= Compenseren verlies door lange antennekabels (coax)
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Apparatuur: Zenders & Ontvangers

= Full-duplex?
= Geintegreerde full-duplex set is fraal
= Maar twee losse sets gaat ook prima!
= All-mode 2m en 70cm beste eerste keus

= \Wees creatief
= Zonder de nieuwste set kan het ook!
= SDR (FUNcube Dongle) + TX (FT817ND)

= Doppler correctie

= Handmatig/geheugens of PC
= SATPC32, HamRadioDeluxe, ..

Mem A

145.827
Mem B 145.825

Mem C 145.823
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Verbindingen maken: 1€ stap (leren ontvangen)

SEEDS Il (CO-66) 437.485MHz CW  90mW
CU XI-V (CO-58) 437.465MHz CW  80mW

Hope-1 (HO-68) 435790 MHz CW  200mW
1SS 145.825 MHz ~ APRS  10-25W

- Ervaring met richten & grootte van antennes
- Gevoel voor sterkte en verloop (doppler) van signalen

Henk Hamoen & Ivo Klinkert, 2015



Verbindingen maken: Spraak & Digitaal
= Spraak
= FM repeater: net als een gewone ‘land’ FM repeater

= SSB transponder: als een stukje kortegolf band dat
gekopieerd wordt (goed zichtbaar op een SDR)

145,913,312 ruwne 10 145,900,000

45,91
R

UPLINK [ LSB ]
432.175 165 155 145 135 432.125 MMz

145.925 935 945 955 965 145.975 HH=
DOWHLIHE [ USE ] Bake 145.5975 MH=

Bron: DK3WN (AO7 Transponder)
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¥
~
f
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>
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A
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BN - | Y 1 |~ S . < I jesmo. |

S
'.”
b2

= Digitaal
= |SS APRS: net als normaal APRS op 144.800 MHz

= Settings: "HBAUD 1200" + “U CQ VIAARISS” op 145.825 (U/D)
= Livestream: www.ariss.net en kijk op www.issfanclub.com
= “chatten” via ISS: “Hello IK8ABC, 73’s from Holland”
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http://www.ariss.net/
http://www.issfanclub.com/

Verbindingen maken: Repeaters & Transponders

SO-50 Up 145.850 (FM + 67 Hz tone) Down 436.800 (FM) &
ISS | Up 145.825 (FM) Down 145.825 (FM)

FO-29 Up 145.900 - 146.000 (LSB) & Down 435.800 - 435.900 (USB)
AO-73 Up 435.150 - 435.130 (LSB)  Down 145.950 - 145.970 (USB)

- Tegelijkertijd antenne richten & een QSO maken (FM)
- Nauwkeurig afstemmen, up & down tegelijk! (SSB)
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Zendamateurs en ruimtevaart

= OK... dus wat kunnen we doen BEHALVE gebruik
maken van Amateur Satelieten?

= Wetenschappelijke
Experimenten!

= RAFT, ANDE1, ANDE2, ..

= RAX, Grifex, Nanosail, O/OREOS
= Delfi, LithuanicaSATO1, .. (onderzoek + HAM radio!)
= + vele Japanese projecten
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Daarom zijn Radio Amateur belangrijk!

= Radiocommunicatie
= Niet onderzoeks-hoofddoel van de universiteiten
= Soms (vaak) zelf geen grondstation

= Footprint / access
= Spannend moment: direct na lancering
= Meer contacttijd: meer data

= Ervaring is beschikbaar

= Bewezen radio-installaties & operators
staan klaar, 00k tijdens weekenden

= Hulp bij bepalen van de juiste kepler set’s na lancering
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RAFT, ANDE, MARS, FCAL

= USNA Satellite Lab, Bob Bruninga
* PE1ITR/Rob, DK3WN/Mike, PA3GUO/Henk

= RAFT moest bewezen worden boven US
(vliegend door de ‘radar fence’)

onclusion: 50 dips in 1 minute = 25 RPM

(O ou
NanLok of f and-
fh rdSAT-TRAK |

J ‘——————ﬁ Y]

This is an APRStk plot showing & The NAVSPASUR fence is only 0.5

NRS13 just crossing the Fence. 4 degrees wide so a LEO satellite
When the I35 crosses, anyone passes through it in sbout 2 secs

should be able to hear it.
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Nanosail & O/OREOS

= NASA projecten
= Ondersteund door SCU (San Jose, US)

(k& ‘ PA3GUO
( - Satellite

Rotor Rot

und Station

—

E FASTSAT Lancerlng geen deploy toen her—ontdekt

Controller Col t I Satellite Tracking
© Ham Radio
Recei Deluke Doppler Control
AFSKl A
TNC ALogger Data Processing
sssss I v
Santa Clara
PC University
A
{ ¢ 1

= Sall opende boven Spanje: alleen bereik vanuit Europa
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STP-S26 MINOTAUR IV - KODIAK, ALASKA

RAX, Mcubed, Grifex

= University of Michigan, James Cutler

£
= Onderzoek van Space Weather
g e
RAX/Cube Sat _ -
BED \q’ . N
R~ e 7
o \
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""" = N w2
er Live 1 Aspect angle + % . |
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vusk |b3M?Call £<1) - s = :
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8 D -_— 3
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18§ 12:41:10 'RAX-1#5C0:nvms"k | [Chntun £H- Henk Hamoen
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A : T University of Michigan
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= Delfi-C3 !\ :
= Lancering: 2008

= Telemetry downlink: 145 MHz
= Transponder: niet meer functioneel (435 - 145 MHz)

= Delfi-n3Xt (2013)
= Lancering: 2013
= Telemetry downlink: 145 MHz

= Delfi-??
= Meer in de lezing van Nils !
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Meer informatie “—f?) AMSAT

http://amsat.org/pipermail/amsat-bb AMSAT wereldwijd bulletin board (BB)

www.amsat.org Vooral nieuws uit US, meeste info niet actueel
www.dk3wn.Iinfo Alle detalls over elke satelliet + sat blogs
www.issfanclub.com Laatste nieuws, status ISS, discussie forums
www.amsat-uk.org/ Actueel satellite nieuws

www.southgatearc.org  Veel nieuws, prettig leesbaar, actueel

WWW.ariss.net Real-time APRS data van het ISS
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