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(2015/2016)
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1 x 2U
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Background
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Wildfire detection and 
characterization
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LUME-1 Mission
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● Zynq-7000 SoC + Wideband transceiver

● 4Gb ECC RAM

● 8Gb NAND Flash

● Tuning range: 70 MHz to 6 GHz

● Bandwidth: 200 kHz to 56 MHz

● Data interfaces: CAN, I2C, Ethernet, UART

● Optional RF Frontends as piggyback boards

4

Hardware highlights
TOTEM SDR
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● Embedded Linux

● CCSDS Packet Utilization Standard support layer

● Safe in-orbit updates

● Radio applications / waveforms development:

● SoapySDR driver provided

● GNURadio support

● Custom IP cores integration in FPGA fabric
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Software highlights
TOTEM SDR
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UHF Frontend (TX/RX)
Omnidirectional antenna, shared with TTC
430-440 MHz

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

S-Band Active Patch Antenna (TX/RX)
RX 2025-2110 MHz, TX 2200-2290 MHz
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TOTEM in Lume-1
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TOTEM in Lume-1
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LUME-1 TOTEM 
PERFORMANCE
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Bidirectional channel
Short message exchange
Multiuser 

Internet

Ground Segment
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UHF: M2M/IoT CONOPS 
Storage & 
Forward
Data relay

User Segment

Space Segment
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UHF: M2M/IoT Demo

M2M 
Terminal

Main objective of the satellite
Strong interference in the UHF 
amateur band

● Channel characterization 
(spectrum monitoring)

● Adjustment of radio 
parameters for real scenario

● Uploaded modifications to 
TOTEM (in-orbit update)

30 dBm in both ends
● No directive antennas
● Turnstile in the satellite
● Dipole on ground
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UHF: M2M/IoT TOTEM TM
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During operation of M2M application, we can also operate the satellite
● Software TTC

Fully compatible with main radio
Frequency and bandwidth tuned to capture both UHF channels
Each channel is then downconverted and processed independently

TTC M2Mf
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UHF: M2M + TTC
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Preview example – Serpens & Humsat Satellites 2015

UHF & S-Band: Spectrum Monitoring
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LUME-1 spectrogram, 437.160 MHz, 25 kHz BW, 5 secs. (2019/03/01)

On-board postprocessing for 
band selection:
● Downconversion
● Filtering
● Downsampling

UHF & S-Band: Spectrum Monitoring
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First ADS-B capture using TOTEM

Location New York, JFK

Duration 10 minutes

On-board data 
processing

Filtering (30 secs between 
positions)
Compression

Statistics
(after filtering)

3359 messages
1344 ICAOs
850 complete positions
305 ICAOs with complete 
positions

L-Band: Air traffic
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L-Band: Air traffic

16



5th IAA Conference 28-31 January 2020, Rome

APRS digipeater for the 
amateur radio community
APRS digipeater

● AX.25 data link layer
● AFSK1200 modulation

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

● Ground testing with EM of TOTEM and 
TNC + Radio

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

● Not so good...UHF interference, no FEC...

UHF: APRS Digipeater
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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

S-band: High Data Rate communications
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TOTEM apps successfully tested in-orbit:

● M2M communications
● TTC
● Spectrum monitoring
● ADS-B air traffic reception
● APRS digipeater

Some of these applications uploaded 
after launch through remote updates

Soon:
● DVB-S2 transmitter

Remarks
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