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CubeSat: Small Standard Size Satellites

@ Standard sizes
@ 1U: 10 cm cube, mass <1.33 kilograms
@ 2U: 2x1U
@ 3U: 3x1U

@ Common deployment system
@ Poly-PicoSatellite Orbital Deployer' (P-POD)




FUNcube-1 Satellite

@ AMSAT-UK
@ http://amsat-uk.org/

AMSAT-UK

Radio Amateur Satellites

@ FUNcube
@ http://funcube.org.uk/

@ FUNcube Warehouse
@ http://warehouse.funcube.org.uk/

@® AMSAT-NL -NL
@ http://amsat-nl.org/
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1U CubSat: FUNcube-1, AO-73
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FUNcube-1, AO-73

Launch Date: November 2013, Mission Goal 1 Year

Mission type Amateur Radio
Operator AMSAT-NL
COSPARID 2013-066AE
SATCAT Ne 39444

Website funcube.org.uk &

Spacecraft properties

Bus 1U CubeSat'”

Manufacturer I1SIS-BV, AMSAT-NL,
AMSAT-UK

Launch mass 0.98 kilograms (2.2 Ib)

Power 2.2 watts

Start of mission

Launch date 21 November 2013
Rocket dnepr

Launch site Yasny Launch Base
Contractor ISL

Orbital parameters
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FUNcube-1 Telemetry (TLM)

2 Modes: High Power M-F Mornings, Low Power Other Times

Mode switching: Auto

@ TLM down link freq 145.935 MHz +/- Doppler  r..cponder state: ot
@ Monday - Friday mornings Europe time
@ Transponder of f

Satellite Status

@ In eclipse IOW power‘ 30 mW TLM plus Mode switching: Manual

Transponder state: On

@ Transponder evenings & weekends
@ Surface to satellite to surface communications
@ Uplink 435.150 - 435.130 MHz CW & LSB (Inverting)
@ Downlink 145.950 - 145970 MHz CW & USB
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FUNcube-1 Telemetry (TLM)

. Satellite Status
LOW power' TLM beacon W""h 'rr'ansponder' Mode switching: Manual

Transponder state: On

331 - 1Q Imbalance: Gain = 1.004 Phase = -0.3

145.956.720

AIRSPY One

e ———

[] Shift -125,000,000

Filter Blackman-Haris 4
Bandwidth

10000
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Satellite FUNcube-1 with Airspy
https://youtu.be/A52CzLLtbTY

Q Imbalance: Gain = 0.
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What is Needed to Receive TLM

@ 2 m antenna
@ 2 m USB receiver

@ Windows PC
@ W,ith audio line input
@ Internet connection

@ FUNcube-1 Dashboard software
@ Satellite position information
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WA9ONY Receiving Equipment

SDR with a 4 element Yagi antenna

@ Antenna: 4 elements Yagi Arrow IT Portable Antenna
Model 146-4 ITI

@ http://arrowantennas.com/arrowii/146-4ii.html




WA9ONY Receiving Equipment

SDR with a 4 element Yagi antenna

@ Receiver: Airspy software defined radio (SDR)

@ SDR# V1.0.0.1337 software for Airspy
@ http://www.sdrsharp.com/

@ Qptional
@ Preamp: Mini-Circuits ZFL-500LN+ Amplifier 24 db.

@ Filters: after the preamp
@ Mini-Circuits VHF-145+ 140 to 1150 MHz high pass filter.
@ Mini-Circuits BLP-200 190 MHz low pass filter.
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WA9ONY Receiving Software

i7 core laptop with Windows 8.1

@ Behringer XENYX 302 USB audio mixer to USB

@ Audio line input
@ http://www.behringer.com/EN/Products/302USB.aspx

@ FUNcube Telemetry Dashboard v848

@ http://funcube.org.uk/working-documents/funcube-
telemetry-dashboard/
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WA9ONY Software

i7 core laptop with Windows 8.1

@ Ridiculously Simple Network Time Protocol (NTP)
Client
@ by Wolfgang "Wolf" DLAYHF for time keeping
@ http://www.qsl.net/dl4yhf/rsNTP/rsNTP.htm

L rsNTP (Ridiculously Simple NTP Client) - B

Server : |0.pool.ntp.org 2015-02-08 15:19:42.5
v spnchronize perodically

-02-08 14:20: n4r;c13 adius
« 72

@ TIrfanView 4.38 for taking screen cap’rures

e @~ h‘rtp //www 1r"f*anv:ew com/ : R
=15 X ‘ - ThET IR

» . o
S v e a;A
S~ . ) - ~ - ‘o~ ) - P o ; g . S , e .
N -~ - . - N i i - e Pl o~ e W
" N . 3 .- v E Lo
. - N e a s ~ A B E . W N N ---.‘r" A V4 . Pa— -



g @ l 2]

This PC AlIP4Win ntpclient SDRSharp
V2.4.8Beta 1331
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David Maxim DL MMSSTV
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Debug  Tuning

N

Dashboard

Realtime X

Set Auto Flags - Success

SDR# & Dashboard
MOVE-1 CW Beacon

SDR#v1.0.0.1331 - 1Q
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FUNcube-1 Signal Fading
MOVE-1 CW Beacon

#v1.0.0.1
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FUNcube-1 Dashboard, Real Time Data

FUNcube-1 Dashboar

Realtime

Fitter Messages

Power (EPS)

[ Register ]

FUNcube

UK Amateur Radio Educational Satellite

FUNcube-1 F|ight Model FC1 Engineering model UKube FC2 Payload

Navigation Real Time Data
al Time Data

Antenna (AntS

T ure £ igh Resolution Data This page shows the latest value of all the housekeeping parameters in the spacecraft
) The data has been collected by one or more of the ground stations who are submitting this data from all

around the world

To download a csv file w
generated every hour, on {

ltime data, please click here. This data is
contains the preceding 250 minutes of information

The dateltime in the csv file is 'SatelliteTime' It is based on the number for sequences / frames it has
transmitted since spacecraft initialisation after separation (2013-11-21 07:38:16).

. This time will drift as it is based on the MCU clock which is not temperature controlled. In the future we
Data Providers

WAIONY

may be able to give realtime if we can model the drift

sSwW

Warehouse Info
Seq. No_: 315558

[ Monitor Audio E Packets: 1840772 (471.2MB)
)

Auto Tun : Uploaded at: 2015-01-31 19:31:10 UTC, ax from: 2015-01-28 20:52:38 UTC
e 0 : : N Val Min. Maz.
E Satellte Status Solar P a[\“\j ltage X dGDaGueV !I!ﬂ 52??

High: ~|° E Mode switching: Manual olar Fane! Voltage m
3 Transponder state: O Solar Panel Voltage Y 4589 mV 0 5103
ransponder state. Ln Solar Panel Voltage 7 4589 mv 0 5109
Total Photo Current 342 mA ] 426
Battery Voltage 8333 mV 8079 8374
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FUNcube-1, AO-73 Position

http://warehouse.funcube.org.uk/satmap.html?satelliteId=2

Current Satellite Position

FUNGUBE 1 (AD-73)

LAT: 53563
LNG: 113.41
ALT: 61836 1
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FUNcube-1, AO-73 Position

http://www.amsat.org/amsat-new/tools/predict/index.php

AMSAT Online Satellite Pass Predictions - AO-73

\ he current

A0S |Maximum | Max El LOS
Azimuth | Elevation | Azimuth | Azimuth

03 Feb 15 B 116 14 55
02 Feb 15 33 ! 75 240

Date (UTC) | AOS (UTC) | Duration

08 Feb 15 | 07:12: 0 g 270

08 Feb 15
08 Feb 15
08 Feb 15
09 Feb 15
09 Feb 15
0% Feb 15
09 Feb 15

1 i]
20:34:01
04:18:34
05:53:57

07:34:31
17:40:24

Show Predictions for: | AC

Calculate Latitude and Longitude
from Gridsquare:

Enter Decimal Latitude:*
Enter Decimal Longitude:*

Elevation (Metres): v Il

[save my location for later use <A 4

- -




o 4 £ N L Kensington, MD 20895
1-888-322-6728

Current Position of AO-73
Sun, 08 Feb 2015 01:46:43 GMT (17:46:43 local time)
Current Location: 70E 81S

z e Select a Different Satellite: | AO-73 v

- Note: Position is approximate and depends on your computer's performance.
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Gpredict on MacBook Pro

Ubuntu Linux 14.04 on Parallels Desktop 10

Parallels Deskiop Control Center

Windows 7-335
Ol ¥ &

Windows XP
O | |

Ubuntu 12.04
O | X

Win 7 20121214-336
O | |
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Gpredict on MacBook Pro

Ubuntu 14.04 Software Center Easy Install

@ ® @ Ubuntu Software Center

¢y & . L1 . OO0

All Software Installed History Progress

ing an infinite number of satellites limited only by the phy ILmemory
i f th
g data in lists, maps, polar plots or any combination of

@ = About GPREDICT

ata and the predi

t forward and GPRED I CT 1.3

Version gpredict

License
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Gpredict Keplerian Elements

Elements define the satellite orbit

out of date.

Your TLE Files are getting

You can update them by selecting _
Edit -> Update TLE e .
in the menubar. P
Updating TLE Files from network
Finished

o - R = = 2 <
24\\\ RN SR o
~ . S PR @ <o hitp //gpr"d cT oz9g.eg neT/

@ @ TLE Update

Updating TLE files from network
Finished




Gpredict Custom Layout

Main window has 5 panels

GNOME Predict 1 B ) 10:42AM 1%

P Y

Gpredict Radio Control: Amateur

2015/02/07 18:42:12

Downlink Uplink

FUNCUBE-1 (AO-73)

A A A A A A A A A A A A A A A A A A
Azimuth :

Eleuation : 7813+ 145.936.100 Hz 145.890.000 Hz

‘ 8 Drrectlon./}pproachmg . R L e RS S

\ Fuwcuae:,i;eo-n) e Slant Range : 630 km
58 v < - Range Rate 123 km/sec > LO: 0MHz Doppler: -60 Hz LO: 0 MHz
S e Next Event : LOS: 2015/02/07 18:48:34

SS—— Next AOS : 2015/02/07 20:12:56 Radio: 145.936.172 Hz Radio: 145.889.928 Hz
o Next LOS : 2015/02/07 18: 34
SSP Loc. : CN85BX
Footprint : 5402 km FUNCUBE-1 (AO-73) 3 1. Device: | IC-9100 Engage
Altitude : 618 km
Velocity : 7.565 km/sec
Doppler@100M : 41 Hz
Sig. Loss : 128.39dB Az: 287.60° Range: 630 km
Sig. Delay : 2.10 msec . 78.13°  Rate:-0.123km/s Cycle: | 1000
Mean Anom. : 211.90°
Orbit Phase : 297.99° . =
Orbit Num. : 6426 LOS in 06:21
Visibility : Daylight

arget Settings
FUNC

2. Device: | None

Satellite a Az Next AOS Next LOS Dop Satellite Az El 4 AOS/LOS
AO7 106.17° -45.97° 2015/02/07 19:08:05 2015/02/07 19:18:56 1194  153.26 uo-11 11.12° 05:04
DELFI-C3 (DO-64) | 177.25° -82.54° 2015/02/07 19:27:48 2015/02/07 19:38:04 154.83 FUNCUBE-1 (AO-73) 287.60° 06:21
FUNCUBE-1 (AO-73) 287.60° 78.13° 2015/02/07 20:12:56 2015/02/07 18:48:34 128.39 AO7 106.17° -45.9 25:52

224.77° -50.06° 2015/02/08 01:33:29 2015/02/08 01:42:56 6 152.64 NO-44 301.64° -81.18° 39:28
301.64° -81.18° 2015/02/07 19:21:42 2015/02/07 19:37:21 154.94 DELFI-C3 (DO-64)  177.25° -82.54° 45:35
189.09° -81.67° 2015/02/07 19:28:17 2015/02/07 19:40:15 154.84 UKUBE-1 189.09° -81.67° 46:04
11.12° -14.64° 2015/02/07 18:47:17 2015/02/07 18:59:33 146.27 Iss 224.77° -50.06°  06:51:16

Main Window

HSDPRDDD O Mme

v

CDROM
d ; _'J
. N ’ . < ‘. ¢ 7
B : o . w— 2 X S F AP 4 ’
g — S ‘..A % = 3 . - . ~ ’ "‘-. d
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Gpredict Satellites Footprints

Can the satellite & you see each other

Next: UDO-11 in 05:05




Azimuth :
Elevation :
Direction :
Slant Range :
Range Rate :
Next Event :
Next AOS :
Next LOS :
SSP Loc. :
Footprint :
Altitude :
Velocity :
Doppler@100M :
Sig. Loss :
Sig. Delay :
Mean Anom. :
Orbit Phase :
Orbit Num. :
Visibility :

Mext: UO-11
im 05:04

hﬁp:/ / gpredrc'r oz9geg ne‘r/

® Gpredict Satellite Location in Sky

Altitude-Azimuth Position for pointing the antenna

287.60°

78.13°

Approaching

630 km

-0.123 km/sec

LOS: 2015/02/07 18:48:34
2015/02/07 20:12:56
2015/02/07 18:48:34
CN85BX

5402 km

618 km

7.565 km/sec

41 Hz

128.39dB

2.10 msec

211.90°

297.99°

6426

Daylight




®  Gpredict Satellite Prediction
Acquisition of signal (AOS) & Lost of signal (LOS)

Satellite Az El a AOS/LOS
UO-11 11.12° -14.64° 05:04
FUNCUBE-1 (AO-73) 287.60° 78.13° 06:21
AO-7 106.17° -45.97° 25:52

NO-44 301.64° -81.18° 39:28
DELFI-C3 (DO-64) 177.25° -82.54° 45:35
UKUBE-1 189.09° -81.67° 46:04
ISS 224.77° -50.06° 06:51:16

— 3 £ , o Z
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- = I‘\- .. - o .."\. A-\‘_ . -..~“ S ’ .,. - ';x

w g B -~ ~ = hitp://gpredict.oz9aec.net/ , NGt

- W - - A\ S5 e TN N W sl > d A oSy ‘- £ .4



e

Satellite a Az
AO-7 106.17°
DELFI-C3 (DO-64) 177.25
FUNCUBE-1 (AO-73) 287.60°

ISS 224.77
NO-44 301.64
UKUBE-1 189.09

UO-11 112"

Gpredict

List of satellites on 2 meters band

Next AOS Next LOS
2015/02/07 19:08:05 2015/02/07 19:18:56
2015/02/07 19:27:48 2015/02/07 19:38:04

07 20:12:56 2015/02/07 18:48:34
2015/02/08 01:33:29 2015/02/08 01:42:56
2015/02/07 19:21:42 2015/02/07 19:37:21
2015/02/07 19:28:17 2015/02/07 19:40:15 -339
2015/02/07 18:47:17 2015/02/07 18:59:33 2215

~
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2 Meters 144-148 MHz Band Plan

144.00-144.05

EME (CW)

144.05-144.10

General CW and weak signals

144.10-144.20

EME and weak-signal 55B

144.200

National calling frequency

144.200-
144.275

General 5B operation

144.275-
144.300

Propagation beacons

144.30-144.50

New OSCAR subband

144.50-144.60

Linear translator inputs

144.60-144.90

FM repeater inputs

144.90-145.10

Weak signal and FM simplex (145.01,03,05,07,09 are widely used
for packet)

145.10-145.20

Linear translator outputs

145.20-145.50

FM repeater outputs

145.50-145.80

Miscellaneous and experimental modes

145.80-146.00

OS5SCAR subband

146.01-146.37

Repeater inputs

146.40-146.58

Simplex

146.52

National Simplex Calling Frequency

146.61-146.97

Repeater outputs

147.00-147.39

Repeater outputs

: 7 ¥
147 .42-147 57 | Simplex .V
« w' 4'. 4
147 .60-147 99 |Repeater inputs - .-?“{
4 — - ——— - » v ;f,'-f;J' 5
\“\.“.“h:_;-_’ktw\\ V- ™ B o sra/banc 2 | o o
L " ImageCredif: httpi//wwwagrhorg/band-plan v o



2 Meters 145.8-146.0 MHz Satellites

January 2015

145.800-146.000 MHz
Frequency
MHz Satellite Notes Observations
+ /- Doppler
145.825 ”E'W'OSC;"(‘:RS;"* NO-44, FM FSK, AX.25, 1k2 and 9k6 in Sun only
145.825 | ISS [ FM FSK, AX.25 packet [ |
145.825 || UoSAT OSCAR, UO-11 || FM 1k2 AFSK ASCII I |
DELFI-OSCAR 64, DO-64,
145.870 SELFLC3 CW and 1k2 BPSK AX.25
30mW or 300 mW Telemetry Beacon 1200 bps BPSK, same as
145.915 FUMcube-2, UKube-1 FUNcube-1 AO-73
145.935 FUNcube-1, AO-73 30mW or 300 mW Telemetry Beacon 1200 bps BPSK %
145.925 - Mode U/V (B) Linear Transponder (Inverting) alternates with Mode A
145.975 AMSAT OSCAR 7, AO-7 USB and CW when in the Sun
145.950 - . 20150104
145 970 FUNcube-1, AQO-73 Transponder Downlink USB and CW 1809UT
145.9775 | AMSAT OSCAR 7, AO-7 | CW Beacon when in the Sun I
. ‘ P
r - 3 g - v N ‘:‘ - ¥ “
A’ ‘.\‘4. X ~\\ T & P v
.- o S A T S S o BT e y
O g e B AT s A
n D i, "~ hitp www argazing.n v er s/ 2 eTer's html -~ - B =i
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Gpredict Doppler Shift
+ Frequency Coming, - Frequency Going

@ ® @ Gpredict Radio Control: Amateur

Downlink

A A A 4 4 A

145.936.100

Downlink
¥ ¥ vrvr¥ L B B ¥

A A A A A A A A & A
Doppler: 3380 Hz O: (

LO: 0MHz Doppler.

Uplink
y¥¥T¥r L L
e A 4 44 444 4
Target gs )
Doppler: 60 Hz LO: 0MHz Doppler:
FUNCUBE-1 (AQ-73) ack

1. Devic . . 1 4 5 8 9 00 0 0 HZ
Radio: 145,936.172 Hz Radio:

YYTYY YYYY YYY YUYV
= . | P i
2.C Target Settings Doppler: -3399 Hz LO: 0 MHz Doppler: 3398 Hz LO: 0 MHz
11.10° lange: 2786 km FUNCUBE-1 (ADQ-73) = . -

125 mate coakms O AO73) ]| Tack | 1.Devie Radio: 145.932.701 Hz Radie: 145.893.398 Hz
i > Devic Target I
LOS 1) 12:34 Az : 3 53 FUNCUBE-1 (AQ-73) = ack 1. Device: | IC-9100 : || Engage
Cj,"lill

Mone

1000

’ v
. -
-~ N Y4 .
. a - w— Sl of . FNE v v A
- N R~ \ % - -,\ - : . » -y ‘.;
o \

32'¥ N . PRPNSS < by N

wopm, ™ . % e k .
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Frequency Doppler Shift
UKube-1 TLM, FUNcube-1 TLM

145.932.506

L e

145.910M 145.9125M

1/13/2015 9:05:53 PM

1/13/2015 9:05:50 PM

1/13/2015 9:05:47 PN\

1/13/2015 9:05:44PN

1/13/2015 9:05:40, PN

44204 o np g oy
— -
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-95

-100

Frequency Doppler Shift
UKube-1 TLM, FUNcube-1 TLM

145.932 506
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N e et

145.910M 145.9125M

145.915M 145.9175M

145.920M 145.9225M

145.925M 145.9275M 145.930M 145.9325M

145.935M

145.9375M 145.940M 145.9425M 145.945M 145.9475M 145.950M

1/13/2015 9:06:55 PJA

1/13/2015 9:06:52 PR

1/13/2015 9:06:49 P

1/13/2015 9:06:46 PN

1/13/2015 9:06:43 P\

1/13/2015 9:06:40 P
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FUNcube-1 & UKube-1 signals with Airspy
https://youtu.be/UCxnG6GdvU
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4 Saturday 2015-2-7 Passes

Camas WA, USA

@ @ Upcoming passes for FUNCUBE-1 (AO-73)

AODS L OS Duration Max El AC
2015/02/07 17:00:11 2015/02/07 17:10:14 00:10:03
2015/02/07 18:35:39 2015/02/07 18:48:34 00:12:54

2015/02/07 20:12:56 2015/02/07 20:22:27 00:09:30
2015/02/08 03:58:45 2015/02/08 04:09:52 00:11:06

2015/02/08 05:46:52 00:13:36
2015/02/08 07:12:17  2015/02/08 07:22:01 00:09:43
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® Saturday Morning 2015-2-7 Passes

Camas WA, USA

@ @ Pass details for FUNCUBE-1 (AO-73) (orb ' Pass details for FUNCUBE-1 (AO-73) (orb

Polar AzZ/El = pata Polar Az/fEl

= Data Polar Az/El = Data
Camas N Camas N
| 18735
18:38

lEl'rJG-"'/
i

Save Save Save

LOS Duration Max El AOS Az LOS Az

2015/02/07 17:10:14 00:10:03 10.46° 34.99° 138.87°
11.16" 198.18°

351.10° 255.42°

AOS

2015/02/07 17:00:11
2015/02/07 18:35:39 2015/02/07 18:48:34 00:12:54 77.20°

2015/02/07 20:12:56 2015/02/07 20:22:27 00:09:30 9.41°

~
- AN

v *

T e hfifpi) fopredict. 67 ec et/



® Saturday Evening 2015-2-7 Passes
Camas WA, USA

' Pass details for FUNCUBE-1 (A0-73) (ort

5 e
Polar || L) Az/El = Data |K Polar | [ Az/El pata [ Polar || & Az/El

Camas N

@ @ Pass details For FUNCUBE-1 (AO-73) (orb @ @ pass details for FUNCUBE-1 (AO-73) (orb

= Data

Camas N Camas

Save Save Print

AQS LOS Duration Max El AOS Az LOS Az

2015/02/08 03:58:45 2015/02/08 04:09:52 00:11:06 14.23° 115.73° 4.771°
2015/02/08 05:33:16 2015/02/08 05:46:52 00:13:36 76.21° 169.41° 346.14°
2015/02/0807:12:17 2015/02/08 07:22:01 00:09:43  8.19° 228.45" 321.22° }

-~
o~ "
v *

T e hfifpi) fopredict. 67 ec et/



™ Low Pass in the East at 30 mW

2 frames with 2 receivers 2 antennas

@ @ Pass details For FUNCUBE-1 (AO-73) (orbit 642

= Data Polar Az/El , 3 Polar Az/El | lar Az/El
Time Az '
2015/02/07 17:00:11  34.99°
2015/02/07 17:00:42  38.18°

[ 2015/02/0717:01:12 41.72°
2015/02/07 17:01:42  45.67°
2015/02/07 17:02:12  50.06°
2015/02/07 17:02:42  54.93°
2015/02/07 17:03:12  60.29°
2015/02/07 17:03:42  66.14°
2015/02/07 17:04:13  72.44°
2015/02/07 17:04:43  79.09°
2015/02/07 17:05:13  85.96°
2015/02/07 17:05:43 92.87°
2015/02/07 17:06:13  99.66°
2015/02/07 17:06:43 106.16°

1 2015/02/07 17:07:14 112.26°
2015/02/07 17:07:44 117.88°

1 2015/02/07 17:08:14 123.00°
2015/02/07 17:08:44 127.63°

4 2015/02/07 17:09:14 131.79°
2015/02/07 17:09:44 135.52°

1 2015/02/07 17:10:14 138.87°

17:01 17:03 17:05 17:06 17:08
uTC

Prinkt Save




Two 4 Element Yagi Antennas

East at 30° alt & west at 30° alt




High Pass at 30 mW

46 frames with 2 receivers 2 antennas

—_— waamy EEE———————————.
@ @ pass details For FUNCUBE-1 (AD-73) (orbit I ™ (2 Pass details for FUNCUBE-1 (AO-73) (orbit @ @ Pass details for FUNCUBE-1 (AO-73) (orbit 1
= Data Polar Az/El ata Polar Az/El Data Polar Az/El

Time Az El | Range T: 18:42:12, AZ: 305°, EL: 76°

# 2015/02/07 18:35:39 11.16° -0.00° 2928
2015/02/07 18:36:18 11.03° 2.48° 2659
2015/02/07 18:36:56 10.82° 5.26° 2390

| 2015/02/07 18:37:35 10.52° 8.43° 2123
2015/02/07 18:38:14 10.08° 12.17° 1858
2015/02/07 18:38:53 9.42° 16.74° 1597
2015/02/07 18:39:31 8.40° 22.60° 1343

j| 2015/02/07 18:40:10  6.66° 30.53° 1102
2015/02/07 18:40:49 3.27° 41.91° 885
2015/02/07 18:41:28 354.42° 58.53° 715
2015/02/07 18:42:06 307.53° 77.18° 632

I
2015/02/07 18:42:45 223.01° 65.80° 669
2015/02/07 18:43:24 208.45° 46.94° 810
2015/02/07 18:44:03 203.88° 33.65° 1012
2015/02/07 18:44:41 201.69° 24.53° 1246
2015/02/07 18:45:20 200.43° 17.96° 1496
2015/02/07 18:45:59 199.63° 12.94° 1756
2015/02/07 18:46:38 199.08° 8.90° 2020
2015/02/07 18:47:16 198.69° 5.52° 2288
2015/02/07 18:47:55 198.40° 2.60° 2558

18:37 18:39 18:41 18:44 18:46
uTcC

Print Save Save

.




Upload Ranking of 859 Submitters

We should like to thank all the groups and individuals who have uploaded data to the FUncube data
warehouse.

The following list gives the site names of those who have uploaded the most data frames:

Key: Within 1 week, within 2 weeks, greater than 2 weeks

Site Id Count Paosition
gOmijw 333189 1
OM3BC 276570 2
WOoJW 222598 3
HBIMFL 204453 4
VESHI 194222 5
gdovr 29014 104
GW1FKY 28876 105
WASONY 27969 106
JO1PTD 27967 107
VKZEVB 27511 108
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[ Register ]

FUNcube-1 Flight Model  FC1 Engineeringmodel  UKube FC2 Payload

Navigation Real Time Data

Real Time Data

High Resolution Data This page shows the latest value of all the housekeeping parameters in the spacecraft.

Whole Orbit Data The data has been collected by one or more of the ground stations who are submitting this data from all

Fitter Messages around the world.

Amateur Radio Info

Satellite Position To download a .csv file which contains Realtime data, please click here. This data is

R generated every hour, on the hour and contains the preceding 250 minutes of information

Upload Ranking

About The dateftime in the csv file is 'SatelliteTime' It is based on the number for sequences / frames it has

transmitted since spacecraft initialisation after separation (2013-11-21 07:38:16).
This time will drift as it is based on the MCU clock which is not temperature controlled. In the future we

Data Providers may be able to give realtime if we can model the drift...

wabfwf

NHEY

KcTces

WABSONY

Electrical Power Subsystem
Satellite Latitude: 37.1 N, Longitude: 140.5 W
o Warehpu“ Info Uploaded at: 2015-02-05 19:40:30 UTC, MinMax from: 2015-02-04 20:53:41 UTC -
v Seq. No.: 319173 Name Value Min.  Max. o~
,F\:\ W) Packets: 1861411 (476.5MB) Solar Panel Vanagax 4583 mV 0 5233 e s

S P AN Wi, s
e ‘r._:- o \ :gé P .h‘rtplﬁ Mﬁube @%u% ’hfm|’>saTeII|TeId 2, Ty I,
LY AR e N :.A -~ O /."ut’

Real Time Data
4 data providers for Seq. #319,173 Packet #1,861,411




NH6Y 2,577.1 mi Distance from WA9ONY

= &

THOMAS K WORTHINGTON
1035 NAALAE RD

KULA, HI 96790

USA

Email: Use mouse to view..

Ham Member Lookups: 19997 Label

Biography : i Logbook 9

l Log a NEW contact with NH6Y ...

Lookups 19997 (28890)
QRZ Record# 1786998
QRZ Admin NHGY
Date Joined 2009-01-28 22:59:17
Last Update 2014-12-10 21:19:41
Class E
Effective 2011-08-12
Latitude 20.756000 (20" 45" 21" N)
Longitude -156.342000 (156°20'31"w)
Grid Square BL10ts
Geo Source User supplied
US State Hawaii
US County Maui
Bearing 239.6° WSW  (from WA9ONY) +
Distance 2577.1 mi (4147.4 km) b




FUNcube-1 Footprint
Both WA9ONY & NH6Y see FUNcube-1 TLM at the same time

2015/02/05 19:40:38
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FUNcube-1 Flight Model

Navigation
Real Time Data

High Resolution Data
Whole Orbit Data
Fitter Messages
Amateur Radio Info
Satellite Position
Upload Ranking
About

Data Providers
WASONY

Warehouse Info
Seq. No.: 319454

Packets: 1863161 (477.0MB)

Satellite Status
~* ;:\ x;f:-(: "ﬂ ‘\ﬁ

Real Time Data
WA9ONY only data provider for Seq. No.: 319,454

Real Time Data

This page shows the latest value of all the housekeeping parameters in the spacecraft.

FC1 Engineering model

UKube FC2 Payload

[ Register ]

The data has been collected by one or more of the ground stations who are submitting this data from all

around the world.

To download a .csv file which contains Realtime data, please click here. This data is

generated every hour, on the hour and contains the preceding 250 minutes of information

The dateftime in the csv file is 'SatelliteTime' It is based on the number for sequences / frames it has

transmitted since spacecraft initialisation after separation {2013-11-21 07:38:18).

This time will drift as it is based on the MCU clock which is not temperature controlled. In the future we
may be able to give realtime if we can model the drift...

Solur Panel anlaga X

-
-(.

Name

X h‘r‘rp,l/ﬂ. Mﬁube %ﬂ?

Electrical Power Subsystem
Satellite Latitude: 57.1 N, Longitude: 118.8 W
Uploaded at: 2015-02-06 05:01:50 UTC, MinMax from: 2015-02-04 20:53:41 UTC

Value
0 mV

me 1h1'm|'>sa‘reI||TeId 2,

0

Max.
5288



FUNcube-1 Satellite Telemetry Upload
https://youtu.be/jUPévdjaS9o

a | it lew story okmarks indow elp - L = o)) 100% (&3 un Feb 10: avi awort
& Safari File Edit Vi Hi Bo! Wi H ARG = o) B3 B SunFeb22 10:58 AM David H h

warehouse.funcube.org.uk i warehouse.funcube.org.uk

F . < <5

FUNcube [/, 24 el GRS VR

UKAm’llour Radio Educational Satellite Y 1al Satellite ./

.

FUNcube-1 Flight Model FC1 Engineering model UKube FC2 Payload FC1 Engineering model UKube FC2 Payload
NaVlgatlon Real Time Data Current Satellite Position

This page shows the latest value of all the housekeeping parameters in the spacecraft + | FUNCUBE 1 (AO-73)
Whole Orbit Data The data has been collected by one or more of the ground stations who are submitting this data from all o

Fitter Messages around the world

contains Realtime data, please click here. This data is
generated every hour, on the hour and contains the preceding 250 minutes of information

To download a .csv file wh

About The dateftime in the csv file is 'SatelliteTime' It is based on the number for sequences / frames it has
transmitted since spacecraft initialisation after separation (2013-11-21 07:38:16).
This time will drift as it is based on the MCU dlock which is not temperature controlled. In the future we

Data Providers may be able to give realtime if we can model the drift
WASONY

EPS RF PA | ANTS | sw |
Warehouse Info m : : -

,.1@'@51@!0-!-:%}1:@@ [

Seq. No.: 331426 " No visible upcoming passes
B packets: 1625140 (492.8MB) Electrical Power Subsystem
- Satellite Latitude: 53.4 N, Longitude: 1258 W
Uploaded at: 2015-02-22 18:58:30 UTC, MinMax from: 2015-02-18 20:58:00 UTC
- Name Value Min Max
-~
. ' Sa‘emteh‘stat::s : Solar Panel Voltage X 4856 mV 0 5248
p 3 t
#o fade swilching: Menus Solar Panel Voltage Y 4584 mV 0 5176
. Transponder state: On Solar Panel Voltace Z 4701 mV 0 5176

b ' 3 hT‘rp //'Warehm.gse.f,uncube erguklge.ql.f}me hTmI’saTelhTeId Y W v ' e




58 Telemetry Channels
FUNcube-1 Dashboard decodes the TLM BPSK with FEC

FUNcube-1 Dashboard

Fitter Messages Realtime >

Satellite Mode

=)

High:

FUNcube-1 | Frame:
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b8 Telemetry Channels

@ Real-time measurements every five seconds

@ High resolution data
@ Satellite stores last 60 real-time measurements

@ Whole orbit data

@ Satellite stores 104 measurements
@ (One measurement per minute
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Telemetry Transmission Organization

2 minutes for sequence, 5 seconds per frame

@ Sequence is composed of 24 frames

@ Frame is composted of 256 bits of data after decode
@ Frame always contains real-time data

@ Sequence structure
@ 12 whole orbit frames WO1 to WO12
@ 1 high resolution frame HR1
@ 3 Fitter messages FM1 to FM3
@ 1 high resolution frame HR2
@ 3 Fitter messages FM4 to FM6
@ 1 high resolution frame HR3
@ 3 Fitter messages FM7 o FM9. o ?
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104 Measurements During 1 Orbit, 1 Minu’re In’rervals

Whole Orbit Graph *

4:20 PM

o~
T M %
51V ]

— o,

.\‘\" -

14 Whole Orbit Data Sets

Fitter Messages Realtime

W 4:40 PM

4:45 PM

4:50 PM 4:55

-\-‘

M 5:10 PM

Panel Temp
rer Panel Temp
4 Panel T!.-_'IT'I[:'F'r :tur-ﬂ

Temperature X

Temperature ¥+

Temperature ¥-
4 Panel Volt:

Vaolta

tage
Voltage £

4 Power Supply
Total Panel Current
Total =

515 PM 5:20 PM 5:25 PN 5:40 PM

FUNcube=1 DaTa Recelved by WA9ONY 2015-2-5
o~ hﬁp.//funcube org uk/wor'kmg documean//funcube ‘releme‘rr‘y dashboard/

5:45 PM

5:5 I:II PM

E.C

@ Black Chassis Temp




.o DR TN " FUNcibe-1 Bata'Received by, WA9ONY 2015-2-5 G 1o

Black Chassis Temp Whole Orbit Graph

Measurements During 1 Orbit, 1 Minute Intervals

Whole Orbit Graph % Fitter Messages Realtime

420 PM 4:25PM 4:30 PM 435 PM 4:40 PM 445 PM 450 PM 455 PM 5:00 PM 5:05 PM S:T0PM 5:15 PM 5:20 PM 5:25 PM 530 PM 5:35 PM 5:40 PM 5:45 PM 5:50 PM 5:55 PM

L PP ~ > vy

R, .\h‘rfp.//funcubeorguk/wor'kmg documean«/funcube telemetry- dashboard/ 5 B ' *:7.'7""



Black Chassis Temp
Whole Orbit Graph

Whole Orbit Graph % Fitter Messages Realtime

@ Black Chassis Temp

atellite Spinning
in the Sun

420 PM 425 PM 4:30 PM 435 PM 440 PM 445 PM 450 PM 455 PM 300 PM 5305 PM 310PM 5315 PM 53:20 PM 5:25 PM 3:30 PM 5:35 PM 5:40 PM 5:45 PM 5:50 PM 5:55 PM
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L 5.3'\ o 2 FUNcube=1 DaTa Recelved by WA9ONY 2015-2-5 ¥ R
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Black Chassis Temp
Whole Orbit Graph

Whole Orbit Graph % Fitter Messages Realtime

@ Black Chassis Temp

420 PM 4:25 PM 4:30 PM M 4:40 PM 4:45 PM 4:50 PM 4:55 PM 5:00 PM 5:05 PM 5:10PM 5:15PM 5:20 PM 5 5:30 PM 5:40 PM 5:45 PM 5:50 PM 5:55 PM
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Whole Orbit Graph *

4:20 PM

o~
T M %
55" ]

— o,
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Fitter Messages Realtime

W 4:40 PM

Black Chassis Temp
Whole Orbit Graph

445 PM 450 PM 45 00 PM 5:05PM 5:10 PM 515 PM 5:20 PM

-\-‘

-~ 3 FUNcabe-1 BataReceived by, WA9ONY 2015-2-5

o~ hﬁp.//funcube org uk/wor'kmg documean//funcube ‘releme‘rr‘y dashboard/




Whole Orbit Graph < Fitter Messages Realtime

M Black Chassis Temp

Ny
Radiated into Space \ \\fN

4?DPM 433PM 430PM 433PM 440PM 443 P 4SDPM 453PM SODPM SODPM 51IJPM 513 PM SJDPM S?JPM SEDPM 533PM 54DPM 543PM SSDPM 553 P

Whole Orbit Graph X  Fitter Messages Realtime

W/! 5|ower‘ Rafe Of Ener‘gy ® Silver Chassis Temp

o Radiated into Space

.

4:20 PM 425 PM 430 PM 435 PM 4:40PM 445 PM 450 PM 455 PM 5:00 PM 505 PM 5310 PM 215 PM 5:20 PM 5:25PM 530 PM 335 PM 5:40PM 545 PM 550 PM 555 PM

FUNcube-l DaTa Received:by*WA9ONY 2015-2-5
- hTtp: //funcube org uk/wor*kmg documentg/funcube telemetry- dashboar‘d/




Solar Panel Voltage Y
Whole Orbit Graph

Whole Orbit Graph %  Fitter Messages Realtime

Satellite in Sun ‘ In eclipse
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Fitter Messages (FM)

9 FM 200 characters each transmitted by the satellite

Receive Time Sequence Packet Message
2d * VoE & &"& e395m 9dei3e WMel3e WMel3e Meide MelIeli2ccd1c MeT3e 9eaile 0deide Meile
04e73e072c541c QeT3e 9deT3e 94eT3e

PM 1: FM7  For details of the education rescurces check www.funcube.org.uk/education-outreach,

/52015 &:02:01 PM 1: FM9

PM 1: FME  Hello world, this is 5/W from Central Walker primary in Newcastle upan Tyne, UK

PM 1: FM3 The 73 on 73 Award is organised by by Paul N&HM see http;//amwat-uk.org/2014/08/18/73-on-73-award-announcement

PM 123 FM4  If you can read this you are receiving FUNcube fine. Please register with the FUNcube data warehouse at httpi/fapi.funcube.org.uk/

Ph 1: FM3  AMSAT-UK Colloguium 24-26 July 2015, Guildford, UK

Fi 123 Fmi2 Call all schools - if you would like a Fitter message uploaded please email operations@funcube.org.uk

The main FUNcube tech team is: Dave G4DPZ, David GOMRF, Duncan MBUCK, Gerard Aalbers, Graham G3VZV, Jason GTOCD, Jim G3WGM, Howard G6LVE,
Phil MeIPX, Wouter PAIWEG & Wouter Jan PE4W!]

50001 PM 197 MO z 2d * WV E 88" & e395m 94eT3e OdeV3e O4eT3e OdeT3e Qle73e072c547c 94eT73e 04732 04730 QdeT3e
s 04273e072c541c 942732 94732 042T3e

542015 5:59:55 PM 122 FM8  More information about this spacecraft, orbital details, etc an the telemetry decoder and dashboard can be dewnloaded from httpy/fmww.funcube.org.uk

3 PM 12 FM

/52015 5:59:49 PM 122 FM7  For details of the education rescurces check www.funcube.org.uk/education-outreach,

/3/2015 5:59:38 PM 122 FMa  Hello waorld, this is 3)W from Central Walker primary in Newcastle upon Tyne, UK

5/2015 5:59:26 PM 122 FM4  If you can read this you are receiving FUNcube fine. Please register with the FUNcube data warehouse at httpi/fapi.funcube.org.uk/
/5/2015 5:59:15 PM 122 FM3  AMSAT-UK Colloguium 24-26 July 2015, Guildford, UK

5/2015 5:59:09 PM 122 FM2  Call all schools - if you would like a Fitter message uploaded please email operations@funcube.org.uk

The main FUNcube tech team is: Dave G4DPZ, David GOMRF, Duncan MBUCK, Gerard Aalbers, Graham G3VZV, Jason GTOCD, Jim G3WGM, Howard G6LVE,

(52015 5:59:03 PM u ) .
3/2015 53503 PM FMT Phil MBIPX, Wouter PAIWEG & Wouter Jan PEAW]

FUNcube-l Da‘ra Recelved by*WA9ONY 2015 2-5

o~ hﬁp //funcube org uk/wor'kmg documen /funcube ‘releme‘rry dashboar‘d/




www.stargazing.net/david/satellites/2meters.html

_— |

stargazing.net/dz e s.htrr = and Satellites on 2

File Edit View o Help

N e

=3 &F!.ealTime Data | Observational Astronomy 2 | WildTangent Games... ~

<<PREVIOUS - HOME - CONTENTS - NEXT>> ~
SATELLITES INDEX - #3%

ISS & Satellites on 2 Meters

Summary

Listening to the International Space Station (ISS) and satellites in orbit with a focus on radio signals in the amateur radio 2 meter band comprising frequencies
from 144.000 MHz to 148.000 MHz.

The satellite radio signals are classified into two groups: voice and data tranmissions.

Presentation
-

> ~ = FUNcube-1 (AQ-73) 2 Meter Satellite Telemetry presentation at SEA-PAC June 6, 2015




