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Practical applications of the Lime SDR Mini

Dave Robinson G4FRE WW2R
Lewisville 2019
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Topics to be covered:-

Wideband SDR Transceivers
Microwave Narrowband
Eheilsat Narrowband
Portsdown

Eheilsat Wideband
Microwave DATV
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Wideband SDR Transceivers
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1. Softrock
2. OPEN HPSDR Mercury/Penelope/Atlas Bus
3. Anan-10

All above are HF radios

Requirements:- Shortlist:-

1. Transmit capable LimeSDR USB

2. Coverage of microwave bands LimeSDR Mini

3. Software available Adalm Pluto
HackRF
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325 to 3800 MHz
' : 61.44 MSPS
( Dws 20 MHz bandwidth
ADAIM-PLUTD 0.5mW out on a good Day!
USB2 connection
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1MHz to 6 GHz

20 MSPS

20 MHz bandwidth
1mW out

8 bit

USB connection
$300
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10 to 3500 MHz
61.44 MSPS

30.7 MHz bandwidth
1mW output

12 Bit

2 antenna ports
USB3 connection
$160
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100k to 3500 MHz
61.44 MSPS

61.44 MHz bandwidth
~1mW output

12 Bit

8 antenna ports
USB3 connection
$300
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When changing frequencies/power levels the SDR does
a calibration routine. This can result in large spurious
signals in and out of band!

Example: Transmit carrier on 1296MHz

Adalm pluto generated a 10dbm signal randomly within
Its operating range
Lime SDR mini generated a 10dbm signal around
1296MHz before settling on desired power

Switch antennas and amplifiers appropriately!
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| chose the LimeSDR Mini

AL By T

USB Connector Very Fragile. Needs to be boxed
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Can be used as a Beginners Transceiver covering 902, 1296,
2304 and 3456 MHz bands

Need to add Preamps / Filters / Amplifiers along with
associated RF Switching

Use SDR console by G4ELI or SDR Angel by FAEXB Software

Phase noise and strong signal handling can be an issue in high
activity areas

My barefoot pair of Limisdr mini have worked 33km on 13cm!
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Azisut Elevation MA Hohe Entf,. L SSP B Orbit Squint Aos
149 ,0 26,9 112,4 35708 30892 32 0 21
Bechr: 6,7 512 ronfg 1 Grp, Estaliat Kops: orbsl bt 16.09.2013 Doped Kort,: UphDwel
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Uplink
2400 2450
MHz MHz
I 250 KHz 8 MHz bandwidth
Global = s ‘ RHCP
| J000n3 ! 24055 : oy
L ; MHz ! | — i” /ﬁx‘
| : : ! EshailSat Olw Judw :
M0y 203 24005 26285 5 é
R M Mk &,9 &
Downlink =
AMSAT-1(
10450 10500
MHz MHz
250 KHz 8 MHz bandwidth
| 10469 675 : ‘
Global _me_| Wwe H
NE i 10085 | v
i | i IHz :
| ' | |
1 | | |
1048055 104898 foaa g ot
M |20 MR Mk
Xpdr U/L FREQUENCY (MHz) D/L FREQUENCY (MHz) LO BW
No Pol Begin Center End Pol Begin Center End (MHz) (MHz)
NB RHCP 2400.05 | 2400.175 24003 A% 10489.55 | 10489.675 | 104898 R089.5 0.25
WB RHCP 2401.5 24055 2409.5 H 10491 10495 10499 8089.5 8
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LimeSDR Bandpass Spectrian
Filter Driver
(20W max)
PC with sdr
Console
software
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View: ®waterfall blind Allow keyboard: Waterfall: HTML5 Sound: HTML5 Narrowband listeners: 76

10489690.00 | kHz @ labels Filter: 2.70 kHz | - + Waterfall zoom

- +
21 83 85 &7 &4 +20d6 44 0dE +50dE

= <
-88.2 dB; peak -88.1dB;

squelch [ autonotch

https://eshail.batc.org.uk/nb/
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Octagon LNB

Downlink Receive

1m Offset dish
2.4/10G Feed

Bandpass
Filter 739MHz

Lime SDR

25MHz locked
Reference

PC with SDR
radio software
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@- @« C @ [+] (o] s PlutoSDR :: SDR Console v3.0.7 - [m] X SOCIety
@
i Home View Receive Transmit Rec/Playback Favourites Memories Tools Help = o Style v
> i Bandwidth ~ Auto-mute:  Noise Blanker:

= ~ |\ Calibration Enable [ Enable
Select Start  Stop = Previous History || Screenshot N B
Radio E23 Frequengy v Options Options

Radio RX Frequency Extras ‘Wideband DSP
Receive

Mol ransmit v X
RX 1 v9749.9 MHz 100 - 2900 Hz o 5

10.489.554.550

F Display
Mode

USB "AM | ['FM | CW

ow-u
WFM

Wide-U

Drive

10489.500 10489.550 10489.600 10439.650 10439.700

Microphone: Gain 98, Proc 90 2
RIT
# | Microphone (EasyCall Speakemhone ... v

siter: vox|| 30kHz v || (® Recor
Analog: < > 80%
Digital: < > 80% Gain { 98
W Gain: | Manual v Proc %0
Manual: < > 50d8
visual: < > -10d8 Yoxcan SN
Geostationary Satellite Beacon v X

10439.790 10439.300 10439.310 10439.840

A -18,386Hz | L., Beacon: 10.489.781.585
| : !

=
PlutoSDR, BW

GPU:17.2% [m Audio: 30ms s
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DATV Receiver
British Amateur Television Club (BATC) trying to promote Digital

ATV (DATV)
Receiver design using wideband (146MHz to 2.4GHz) SATTV

tuner integrated into Minituoner Receiver hardware
Minituone software on PC by F5 takes receiver data via USB and

displays DATV picture

U

0%

llll

oy
q paub A
aunom 1$ap

o07CA 1
':: et

dZQ94

. m- .
‘2999

WL

> 'j’: Q ..

+



Microwave

Portsdown DATV Exciter §§“Tm

Society

Transmitting not so Easy!

Some Commercial products existed but were considered too
expensive for the masses and/or no longer in Production

BATC came up with their own design (“Portsdown”) based on
a Raspberry Pi 3

Software by GE8GKQ

N NN s
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Filter
Control (3) Fllter RF out
_ LCD Modulator 2
HICED Touchscreen
. | EasyCap
— Dongle . 26-voy LO Filters
AL;:io o ) T
GPIO §$IT((31)) ADF4351
A Extender = Synthesizer
G& Sound Control (2)
Dongle
JeR PTT
use — 1255
|> Pi Camera Cable B_anq A7
Cam Raspberry Pi 3 Switching o
z
Network RJ-45 RPi Active (1)
5v Power i i
Lo b BicTosUSE ShutDown Button (1)

The Portsdown ATV Transmitter GEGKQ 4 Feh 17
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Critical Part of design was the Frequency modulator.
Built and aligned board was made available from BATC

Parts sold to 350+ builders including USA+

Design needed updating especially as insufficient
demand for another batch of 100FM boards

It was decided that next generation would be SDR based

LimeSDR was chosen as software design was easier as
better supported

N NN s
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Use either the
7inch touchscreen or uUss
the 3.5 inch touchscreen

Variable
SPI(3) Attenuator
Optional

8RF
Outputs
Audio
out
»._I Camera Cable
8Band
Network RJ-45 Switch
: Band Outputs
SvPower in Micro-US8 Control (3)
PTT

The Portsdown 2019 ATV Transmitter 686KQ 11 May19
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Camera
LimeSDR
USB RFat EERVETEIE
Portsdown U Attenuator
dBm
PTT

: Power
PA to Dish Feeder Amplifier

Cable

Optional 24

: Driver
Transverter RSk =
(Tl Amplifier

PTT Line

24
GHz

g Long Feeder to PA and dish
Filter




BATC Wideband Spectrum viewer

10.492 10.493 10.494

10dB
Beacon (DVB-S2, 2MS/s QPSK, 2/3)

Beacon & Simplex DATV

Wideband viewers: 77

DATV Bandplan

10.495 10.496 10.497 10.498

250KS, '498.813

S00KS, "497.750

Simplex DATV

Open fullscreen

ail.batc.o

22:44 fSoeo_evariste Waht is your GOP size ?

22:45 fSoeo_evariste Seems very short..12 frame or
something

22:45 PE2JKO_Joop 100

22:46 fSoeo_evariste Strange, not sure about
100...seems very short (inpecting timing)

22:46 G7JTT-John Big delay

2246 G7[TT-John Yes have sound

22:52 fSoeo_evariste As | understand, RTMP is the
"over the edge” technic ...

22:54 fSoeo_evariste You are now workaround my lime
encoder bugs ..specially buffering... You are great !
22:57 fSoeo_evariste Joop do you use FPGA mode (lot
of latency now) ?

22:58 fyoeo_evariste OK, you have to do the clown now
JOhn to see...

23:00 PE2JKO_Joop no FPGA mode, due to the fact that |
also use the same for SSB

23:00 G7ZJTT-John | will try your software tomorrow
Evariste and see how that works as well

23:00 PE2JKO_Joop | use Gnuradio + GR-CESSE which
can't work with FPGA mode

23:01 f5oeo_evariste OK Joop, we need to implement a
pass-through mode with the firmware to avoid that
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DD4YR
Robert

HE9RYZ
Wolfgang

Jonny_MIOM
f5oeo_evaris]
fSnvp rené

DL2VT
Dieter

GAVTO
Darren

OESB|PQ_Phil
SVERV
terrorl st

GI7UGY-
John

DDOKP
Heiner

GOMIW

Mike

SVERV
FPEZ2]KO_Joop

EAGWQ-
Tom

SVERV
GOMIW
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Octagon LNB Lime SDR
] 741 MHz
1m Offset dish
2.4/10G Feed
25MHZ locked PC with
Reference SDRAnNgel
software




Dish Diameter | Power Required
for 250Ks
| 2.4m 7.5W
2.0m 1MW
1.8m 13W
1
QW\
1.2m 30W - =38
mo———g G
90cm S53W
80cm 67W
60cm 120W

Power required to achieve same
MER as the beacon at a receiving
station — eg 8dB MER on 1.2mt

dish

SR Factor
, B ;
| 125 KS 0.5 > e
333KS 1.33
500 KS 2.0
1000KS | 4.0
1500KS | 6.0
Relative Power | Received MER
100% 8dB
80% 7 dB
T I~ —
50% 5dB
T
31% 3dB
25% 2dB
20% 1dB
16% 0dB
13% -1dB
10% -2 dB

Calculating how much uplink power is needed

7.5 watts,
1.2mt dish =
125Ks at 5dB
MER
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DATV Microwaves

Simple as can use Portsdown to drive
Microwave Narrowband Transverter
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World record was 122km in Japan
First UK attempt was Brown Clee (10820QL) to
Winter Hill (I0O83S0) 126.6km

G4FRE/P
10820QL
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My 24GHz DATV Transverter -

0.5W DATYV 1.8dB noise figure
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& MINITIOUNE v0.8beta8 9 - Receiver/Analyser DVB-5/52 144 MHz to 2450 MHz - SRmini=32 kS/s - for MiniTiouner/MiniTiouner-Pro

{"SR (kS) Freq (kHz)

- x

{  PDs

MiniTiouner V2 s 4 s m s
i qo'y r &y fe])=f i)
ww sorrsass MUMTIOUNESS] oy f=s
—~
SR2000 || Q-beacon Symbolrate (kS) Frequency (kHz) FEDZP-peg
Freq asked: 24049000kHz ™ doppler/1SS HDlowSR
SR1000 | Q47smHg | ||| SHset 8899915 ]
Devaton. 665 Froa—> I aso00ne
SRE00_| Q-625MHz —
SR333 | Q-725MHe | —
aspbeny
SR250 | Q-7.75MHz LNA gain: 13.0dB P
SR125 | Q-825MHz Derotator | [y 8:?,9 e
Search :
SRe6 | 0875 MHz LReset | 81,1 e
Carrier Width: 1350 Khz 2D i
SR27S00[ T1996MHz | | | Tv mode: DVBS2 ) Copy Freqfound_| Acapt Ofiset | I keept Zoom | OM
Oscar 100 @1 GRAPH
DVEmode | FECDVES |~ Web Station ID:1 Cymaxi Resst D
@pvesz 2| 172 Program | G4FRE/P
S Himle & ) o e—
I Widescan ¢ The Provider- G4FRE/P
677 -
Pl ¢, Fortsdown Code W24+ AR
. DATV Transmitler
Fplug  LNBvolt 2ZHz
@A 0 ®OFF photo
o 13 OON
1eH OTS
= Audio level |
Store into Memory 0 KS FEC 59
AT \_ info
N T T
LDPC 0 o [ e e -

FEC 5/6 QPSK_L35
€/N must be >5.18 dB D1 3

0000

@ Carrier @sn @ Full RFPw 47dBm C/NMER 18.0dB Constellations

Bytes recvd: 1621 kb/s 350ms J/

Beep Dsave UDP Record

|

= | Quit ‘

DATV 126.6km
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<<<<G4FRE/P received
at G4CBW/P

L

Web s

G4CBW!/P recelved >>>>
at G4FRE/P

SR (KS) Freq (kHz) PIDs
oo 2466000 MiniTioune™d symozr ol
NIM - Serit FTS-4334L o L 2l by o
Offset-> [ - | 23616000 — —(f " _fe
sp2s0 || 437 MHz Symbolrate (kS) Frequency (kHz) LTS s ®
Shset. 10002168 Freq asked: 24049000kHz I~ doppler HDIowSR ;
sR1zs || 240480y oL 27| PID audio
Deviation: 63S Freq—> | 24043007 kHz | IF 433000kHz France24 | 04095
SREE_ || 240430 S
SR —>[ 1000 ks/s arzoe | (o
5R333_| 0-7.75 M| I: 150 @: 151 pr—
- RaspenyP | @ :ig;
SR500 || G-8.25 MHz LNA gain: 13.0 dB fama
° 4/3 i
SR1000 | 0-8.75 MHz Search | M i
SR2000 | 11597MHz | ks
4000 | 2-10 | Carrier Width:1350 Khz ade o) MPA
SRA000 | 210020 | | Ty mode: DVB-S2 Copy Freq ound Adept Ofisel | \_Dibleise 00 || N2 | Ofa
o
5R22000 | 437ae MHz Extorn. R CHl
i iz xtern. Request
T T Web Station ID: q mai
DVE mode Program Digital TV
z f DVB-52
o) g£§2 BROWN CLEE o
o 1082QL  Preamp 20 Provider:  GACBW
ARDiEsst Gan 12 Codec : VH264 + MPA
I Wide scan Fictue
™ Low SR Video h
ast Rl
Fplug LN volt 22kHz Are
oA a © OFF @ St e
B 131 ON - ch | 4pply | M auto || Audio level {}
) 1s || Timing 3 sec 00000 o e
. Info.
\ L J
3 : ) N
dBm ' 1o ||[eB . BOH zrors 0
%0 %5 (le 0 =
“DowerREa % WER FEC 2/3QPSK_LP35 Beep Dsave UDP Record
i i : /N must be > 3.10 a8 D14 L J
110 ® |0 Y ;
= s - 0000~ o Quit
@ Carrier @SR @ Full RFPw-48dBm C/NMER17.0dB Constellations 1251 kbss  72%ms Expett  Web
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Three weeks later during IARU TV Contest

PiDs

NIM : Serit FTS-4334L mm@ &y szt kiliande, Aa

Symbolrate (kS) Frequency (kHz)
arzo: | e
Anptene_|| (& 24
U wan =
169 Heght 204

SRset  333081S Freq asked: 24043000kHz I~ doppiec
Deviation: 205 IF 433000kHz

sRes | 24043
5R333. | 0-7.75 MHz/
5A500 | 0825 MHz| LNA gain: 13.0 dB.

SR1000 | 0-6.75MHz

SR2000 || 11597MHz

SR4000 | >-100bescy

Search |[h

522000 | 43708 MHz
(Extern. Request) ]
rerson | 12ssae | | Wb Station 1D- chidooli s i
v e | (A
O RS S BROWN CLEE o,
L 23 108201 Pewne 20 o Provider.  GSGTZ/P
Lo 4 amDeEor Gan 12 Lt
T Widescen |- 3% Petue Ay
 Lowsh 4 e e phota
Ao

pdione |

CopyFreqiowns |

Fplug Lol 281z LoPic
oA o ool a5 o0 S | P =
UGS 0 SR v oo I1081FD 24GHz L ;
Camier Lock |
2 136km
6 carmier

Oty o -
ST
T JOSTTY
SO dshan)

G8GTZ/P
IO81FD

G4FREP -
2304 | [F=

IO81XW 1.2_cm ERAL |

©)roh e e MR ot |
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7

~ Talgarth
Map Satellite 5 / N
I drecor A

600

£ 400

o

IS

=

3 200

Ly

[13]

(&)

8

3 P, T, S

w 0 —— — — —~ L
-200

P @ 0 10 v e o gl gl g Y N gk 2

Distance (km)
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10GHz
407 kms MODTS/P 1094MJ G4UVZ |O80KX 2Ms/s
47GHz

34.9 km G4FRE |[0O82UC GOFRE/P |IO92BA 1 Ms/s
6GHz

35.6 kms G8GTZ/P 091Gl G4LDR/P |1091JB 333Ks/s

N NN s
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71MHz
UK full amateurs can get NOV on 70.5-71MHz for

“experimental modes”
Using Portsdown + G4DDK Nacton 437/71MHz XV

160 Kms  G8GTZ/P  I080WX  GA4FRE/P  1082QJ  125Ks
144MHz

UK full amateurs can get NOV on 145-146MHz for
“experimental modes”

407 kms MODTS/P  1094MJ G4UVZ |O80KX 333Ks

Note narrower bandwidths

140km also worked on 51MHZz! .
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