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Hardware highlights

« 2yng-7000 SoC + Wideband transceiver

. 4Gb ECCRAM

. 8Gb NAND Flash

. Tuning range: 70 MHz to 6 GHz

. Bandwidth: 200 kHz to 56 MHz

. Datainterfaces: CAN, I12C, Ethernet, UART

. Optional RF Frontends as piggyback boards

5th IAA Conference 28-31 January 2020, Rome



TOTEM SDR
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Software highlights

Embedded Linux

Parameter Parameter Parameter Parameter Parameter Parameter Parameter
1D: pd_dec 1D hdr_const 1Dt pid_const 1D: ha_format 1D: 2ps 1D: pf_tape 102 ol
Label: Payload FEC Decoder Labelk Header constellation Label: Payload conszellation Label: Header Formattar Labeli Samples per Symbel Label: Puise Shape Filter Labek Filter Rolloff
= | Vahsw: <gnuesdi an59cbal = | Vilum: <gnurad . eeS9cdS0 > | Vahow: ¥groredi aaS9cd50x = | | Viahse: <gnursdi . asSleThoe = Vahse: 2 Value: 0 Viahuw: 350m . .
e——— ¢ I
Py il CCSDS Packet Utilization Standard support layer
q Protocal Parser F_ FEC Decoder F_
T Format Obj.: <gnur. 3E780% = Ducodue Objmet: <gr., k420w =
; T T . Safe in-orbit updates

Huadar Langth (Symbols): % Constellation Soft Dec

Polyphase Clock Sync Haader Padding (Uncertaiaty / Symbelsh 0 Constellation Objoct; . 0o

s by e Pl}fm» e i et Radio applications / waveforms development:
R rm-.si—:sz]s :..":.:':.::’:;:. : *

Sampling Rate: 1

1Dt rxmod
Values “gruradi. 3bsbdsa710>

Data vector: 172, ... 32,232
Filter taps: 1

Varisble
101 preamble_dummy
Vahow: 172, 221. 40, 32,252

Varisble
10z preamble_rep
Vaksm: [Cxed, Ox8, OucO,

wse when header

use when hesder

Valoe: {1:[172. 255 192]}

FEC is Dummy FEC Is Repetition |x3}
Variable Variable
101 proamblo_sslact 1Ds praamble

Valae: 172, 221..40, 32, 252
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Order: 2

Costas Loop.
Loop Bandwidth: 31.4m

Tagged Stream to PDU
Lungth bag name: pry..ymbols

. SoapySDR driver provided

s i ey . GNURadio support

. Custom IP cores integration in FPGA fabric

>GNURadio

THE FREE & OPEN SOFTWARE RADIO ECOSYSTEM




TOTEM in Lume-1
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UHF Frontend (TX/RX) ‘space
Omnidirectional antenna, shared with TTC UniversidagVigo
430-440 MHz

>

ADS-B Active Patch Antenna (RX Only)
L band, 1090 MHz

. S G
\ >

S-Band Active Patch Antenna (TX/RX)
RX 2025-2110 MHz, TX 2200-2290 MHz




TOTEM in Lume-1
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‘Q High Data Rate
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LUME-1 TOTEM

PERFORMANCE



UHF: M2M/loT CONOPS
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UHF: M2M/IoT Demo

Main objective of the satellite

Strong interference in the UHF
amateur band

e Channel characterization
(spectrum monitoring)

e Adjustment of radio
parameters for real scenario

e Uploaded modifications to
TOTEM (in-orbit update)

30 dBm in both ends

e No directive antennas
e Turnstile in the satellite
e Dipole on ground
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of Packet viewer | SC 65, APID 2 | tm 197886 | TM[5,1] informative event report - Google Chrome
® No esseguro | 10.2.2.50/tm/197886

t(CDS-ADJ) (2019-05-23 11:42:20.359 )

EV.rp_if  TM[5,1] informative event report

Connection to GS-Server TXT EV Packet

EV EV_TO_M2M_STOP_APP
Type INFO
EVid 43

EVinfo Application stopped

Parameter Value Description
P_TOTEM_M2M_MAC_LAST_ERROR 0 Last error in m2m application

P_TOTEM_M2M_MAC_NUM_BLOCK_EXECUTED 30 blocks Number of blocks executed by m2m

P_TOTEM_M2M_MAC_RX_PKTS_TOTAL 7 packets Total packets received in the protocol 113:07:36 - @5001/42,107321N/8,508189W/
P_TOTEM_M2M_MAC_RX_PKTS_DUPLICATED 0 packets Duplicated packets filtered 0/0/0/0/2304 I

P_TOTEM_M2M_MAC_RX_PKTS_DATARELAY 7 packets Datarelay packets received

P_TOTEM_M2M_MAC_RX_PKTS_TO_USER 0 packets User data packets received

P_TOTEM_M2M_MAC_TX_PKTS_TOTAL 7 packets Total packets transmitted

P_TOTEM_M2M_MAC_TX_PKTS_DATARELAY 7 packets Datarelay packets sent
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TTC ¢ M2M

During operation of M2M application, we can also operate the satellite
e Software TTC

Fully compatible with main radio

Frequency and bandwidth tuned to capture both UHF channels

Each channel is then downconverted and processed independently
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UHF & S-Band: Spectrum Monitoring UniversidadeVigo

Preview example — Serpens & Humsat Satellites 2015
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UHF & S-Band: Spectrum Monitoring UniversidadeVigo

LUME-1 spectrogram, 437.160 MHz, 25 kHz BW, 5 secs. (2019/03/01)

On-board postprocessing for
band selection:

. Downconversion
. Filtering
. Downsampling
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L-Band: Air traffic | TRt
First ADS-B capture using TOTEM

Location New York, JFK
Duration 10 minutes

On-board data Filtering (30 secs between
processing positions)
Compression

Statistics 3359 messages

(after filtering) 1344 ICAOs
850 complete positions
305 ICAOs with complete
positions
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UHF: APRS Digipeater
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APRS digipeater for the
amateur radio community
APRS digipeater

e AX.25 data link layer
e AFSK1200 modulation

70-cm Radio Amateur Band
30 dBm transmission power
Developed with satellite already in orbit

e Ground testing with EM of TOTEM and
TNC + Radio

Frequency coordinated by IARU (27 May)
Tests on ground successfully completed
In-orbit test performed

e Not so good...UHF interference, no FEC..
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High data rate communications

DVB-S2 transmitter
First software for preliminary channel testing
already on board

BUT right now, antenna can only used for RX
(spectrum monitoring)

Need permission for use as TX:

Frequency coordination in progress
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Remarks
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TOTEM apps successfully tested in-orbit:

M2M communications
TTC

Spectrum monitoring
ADS-B air traffic reception
APRS digipeater

Soon:
e DVB-S2 transmitter

Some of these applications uploaded
after launch through remote updates
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