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Credits and disclaimers...

The experimental solution described and implemented here is based on the work of
Charles G4GUO, DATV Express software on linux & Windows
Ron W6RZ, gr-dvbs, gr-dvbs2 and gr-dvt2 blocks on GNU Radio
Evariste FS5OEO, rpidatv software
Pascal F4DAYV, leanDVB - a lightweight software DVB-S demodulator

Without their software, in deep descriptions on the subject, | would not have been
successful on this project !

Please note that the author is not either a Linux, python and script file expert and is
therefore asking for your indulgence if the description, python and script files are very
basic !
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Project goal

To have a demonstrator of a software defined radio for DATV
able to transmit and receive at a minimum, DVB-S standard at low symbol rates
based on open-source software
using fully integrated, low-cost, single-board software defined radio

reproducible by a radio amateur with average knowledge in computer science
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Project hardware and software

70 MHz - 6 GHz
=

100 KHz — 3.8 GHz

USB 3.0

USB 2.0 25 MHz - 1.7 GHz




Software work-flow for the TX side

video o= FFmpeg program e GNURadio program

task: build task: build
the Transport Stream (TS)

e

SDR TX Hardware
USRP B200

the DVB-S modulation

audio O—'—>

Parameters | ‘ Parameters :
I 3 3 ] :
L PID Video, Audio | Symbol rate L
: ‘ Symbol rate, FEC | | FEC -
S TS bit rate | ‘ TX Frequency :

| Video format | | TX Power |
| ‘ Video bit rate ‘ ‘
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GNURadio DVB-S TX

dvbs-tx-var-vd.grc - fhome/hb9dug/grc-files/test - GNU Radio Companion

. X 78 S D -]

Qe

ﬂ:'

Options
1D: dvbs_tx_var v4 =
Title: DVB-5 B200 Transmitter =
Generate Options: QT GUI File Source m: & Convolutional Interleaver

Reed-5olomon Encoder

Realtime Scheduling: On Blocks (12 Bytes): 136

File: ../prototypesftestlts

i | Variable
[j | |D: samp_rate
i | Value: 2M

Variable
1D: symbal_rate
Value: 1M

Variable
1Dz rrc_taps
Value: 100

QT GUI Chooser
1D: center_freq
Label: TX Frequency
Num Options: 4
Default Value: 1.28G
Option 0: 50M
Label 0: 50 MHz
Option 1: 437TM
Label 1: 437 MHz
Optien 2: 1.28G
Label 2: 1'280 MHz
Option 3: 10.4G
Label 3: 10'400 MHz

Repeat: Yes

Energy Dispersal

N: 255

K: 239

Shortening size: 51
Blocks: §

Number of Shift registers: 12

Depth of shift registers: 17

Inner Coder
Qutput length: 1.512k
Constellation Type: QPSK
Hierarchy Type: Non Hierarchical
Code rate: 5/6

Vector to Stream
Num Items: 1.512k

DVB-52X Modulator

FECFRAME size: Normal
Code rate: 5/6
Constellation: QPSK

2X Interpolation: On

' QT GUI Label

) | ID: symbol _rate display
Label: ..ate [ksfs]
Default Value: 1k

QT GUI Label
1D: fec_display
Label: FEC

QT GUI Range
1D: tx_gain
Label: Tx Gain [dE]
Default Value: 65
Start: 0
Stop: B9
] | Step: 1

Default Value: 7/8

QT GUI Push Button
1D: variable_...push button 0
Label: TRANSMIT
Default Value: 1
Pressed: 0
Released: 1

FFT Filter
Decimation: 1

Taps: firdes.root_raised c...

Num. Threads: 1

QT GUI Frequency Sink
FFT Size: 1.024k
Center Frequency (Hz): 1.28G
Bandwidth (Hz): 2M

4"

UHD: USRP Sink
Device Address: sen...4000000
Mb0: Clock Source: External
Samp Rate (Sps): 2M
ChO: Center Freq (Hz): 1.28G
Ch0: Gain Value: 65
ChO: Antenna: TX/RX
TSB tag name:

GNURadio-Companion graphic tool

TX Frequency
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Relative Gain (dB)
&
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T
1280.400

65.0




GNURadio DVB-S TX

dvbs_tx_wvar_v4.py (~/grc-files) - gedit

Open ¥ [+

self.top_layout.addLayout(self.top_grid_layout)

self.settings = Qt.QSettings("GNU Radio", "dvbs_tx_wvar_v4")
self.restoreGeometry(self.settings.value("geometry").toByteArray())

e e e G e e et
# Variables
fididaddidibadibididadadidibiddidibibdid bbbt ibidditedihad it ibidut bbbt b h bt b bt
#self.symbol rate = symbol _rate = 1000000
self.symbol_rate = symbol_rate
self.variable_qtgui_push_button_ 0 =
self.tx_gain = tx_gain = 45
self.symbol_rate_display = symbol rate_display =
self.samp_rate = samp_rate = symbol_rate * 2
self.rrc_taps = rrc_taps = 100

#self.fec_display = fec_display = "7/8"
self.fec_display = fec_display
self.center_freq = center_freq =

variable_qtgui_push_button_8 = 1

symbol_rate/1000

1280e6

s s i e e s e s e e G ey S
# Blocks
HERRERRR AR R AR AR R B R AR R AR R R R R R
self._tx_gain_range = Range(0, 82, 1, 65, 200)
self._tx_gain_win = RangeWidget(self._tx_gain_range, self.set_tx_gain,
self.top_grid_layout.addWidget(self._tx_gain_win, 9,0,1,5)
self. center_freq options = (50e6, 437e6, 1280e6, 2368.5k6, )
self._center_freq_labels = ('50 MHz', '437 MHz', "1'280 MHz", "10'400 MHz", )
self._center_freq_group_box = Qt.QGroupBox('TX Frequency')
self._center_freq_box = Qt.QHBoxLayout()
class variable_chooser_button_group(Qt.QButtonGroup):

def __init_ (self, parent=None):

Qt.QButtonGroup.__init__ (self, parent)
@pygtsSlot(int)
def updateButtonChecked(self, button id):

Python ¥ TabWidth:8 =

GNURadio python code
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"Tx Gain [dB]', "counter_slider",

Ln 86, Col 65

TX Frequency
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The TX script file, the glue...

*dvbs-mpeg2-b200-go.sh (~/grc-files) - gedit

Open ¥ 41

#! [bin/bash

Version 1.0 / 2017-05-01

script file to generate a Transport Stream with the internal camera for a given Symbol Rate

#

=

# DVB-S B200O Transmitter

#

# send the SR and FEC parameters to the gnuradie DVB-S Transmitter (dvbs_tx_var_v4.py)

killall -9 ffmpeg =fdev/null 2=fdev/null
killall python2 >/fdev/null 2>/dev/null

rm fifo.ts
mkfifo fifo.ts

TYPE="quiet"

PID VIDED="33"

PID AUDIOD="49"

PID PMT="0Ox0822"
PID_START="8X0121"

ID_TS="1088"

ID_SERVICE="1"

SERVICE PROVIDER="GNURadio-DVB-S"
SERVICE_NAME="HBSDUG"

FORMAT VIDEO=""
RATE_VIDEO=""
AUDIO_ON="8"
RATE_AUDIO=""
RATE_ MUx=""
GNURADIO_PROG=""

FEC="5/6"

television

SYMBOL_RATE=""
IAPC - ATV Technical Goup
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The TX script file, the glue...

*dvbs-mpeg2-b200-go.sh (~/grc-Files) - gedit

Open ¥ [+l

SYMBOL_RATE="SR"S$5YMBOL_RATE_NUM

kase "$SYMBOL_RATE" in

SR125)

AUDIO_ON="0" .

FORMAT_VIDEO="160x120" “{* DVB Calculator 4.2.1.0 - " NoName.dcf*
RATE_VIDEO="0.100M"

RATE_AUDIO="" File Toeols Options Report 7

RATE_MUX="191993"

NEHdS3

SR250)
AUDIO_ON="0" DVB-5/DSNG | DVB-S2 | DVB-C | DVB-T/H | DVB-T2 | IP over TS | TS File
FORMAT_VIDEO="320x240"

RATE_VIDEO="0.320M" _ [apsk .
RATE_AUDIO="" Modulation Symbol rate (MS/s) 0.500

RATE_MUX="383987"

. Code rate (FEC) Bit rate (Mb/s) 0767974
SR500) Bandwidth

AUDIO ON="1" i Bitrate to
FORMAT_VIDEO="320x240" 0.675 BN Syinbol rate Symbol rate
RATE_VIDEO="0.680M" from

RATE_AUDTO="" :

RATE_MUX="767974" Rolloff | bandwidth

SR1000)

AUDTO_ON="1"

FORMAT_VIDEO="640x480"
RATE_VIDEO="1.258M"

HATE_HLDIEE' i § Eb/Ma Threshold (EN 300 421)
RATE_MUX="1535948

WIS ==
5R2000)
.I AUDIO_ON="1"
FORMAT_VIDEO="640x480"

e Home RATE_VIDEQ="2.7M"
tetovisn RATE_AUDIO=""

RATE_MUX="3071895"

Additional parameters:

IAPC - ATV Technical Goup
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The TX script file, the glue...

television
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*dvbs-mpeg2-b200-go.sh (~/grc-files) - gedit

Open ¥ 41

else

# HEEEEEREAETRAEERITRRRRARR AR RN AT RR HPEG_Z vIDED HITHDUT AUDID FEEERERAXETITREERETRARTZTRRAATR R AR RRER

ffmpeg -loglevel STYPE -analyzeduration @ -probesize 2048 -thread gqueue size 512 \
-r 15 -f v412 -s SFORMAT VIDEO -i [dev/video® -fflags nobuffer -pix_fmt yuv420p -c:v mpeg2video \
-b:v SRATE_VIDED -minrate SRATE_VIDED -maxrate SRATE_VIDEO -bufsize SRATE_VIDED \
-f mpegts -blocksize 1880 -strict experimental

-mpegts_transport_stream_id $ID TS \

-mpegts pmt _start pid SPID _PMT \

-mpegts_start_pid SPID_START \

-streamid @:SPID VIDEO \

-streamid 1:SPID_AUDIO \

-metadata service provider=S$SERVICE PROVIDER

-metadata service name=SSERVICE_NAME \

-muxrate SRATE_MUX \

-y fifo.ts &

fikkkkdkkkkhkhhkhdhhhikkkkkkhkkkbkkbkikkkhhkkdkhdhhkhikkkdkkkkkkhkkkkhhhekhhhdkhhikhikdhikii

fi
sleep 1
.fdvbs_tx_wvar_va.py -sr SSYMBOL_RATE_NUM -vr SFEC =fdev/null 2=/dev/null &

sleep 1

echo ""

echo ""

echo -n "*** Press enter to stop transmitting at any time **=*"
read var_n

killall -9 ffmpeg =fdev/null 2=/dev/null
killall python2 =fdev/null 2=fdev/null

sleep 1
echo ""
echo "Stopped encoding."

PR

sh + Tabwidth:8 «~ Ln 47, Col1 - INS



To check the transmission...

5l Tree Entries: 384 PID=: 25
= [) Transponder PID Strearn Type Packets Missing Data Rate Percent Service
[0 Metwork = HBITV-2 18 0x0012  EIT 705 3830 25.84 kbps 0.13%
(D Frequency = 11463 MHz 100 00064 7 i1 0 150 kbps 0.01% i
8 ED:EZT:;: 12000 110 0x006E  MPEG2 Video 105059 0 385Mbps 19.85% HBITV-1 ANALOG
-0 cm g 120 0x0078  MPEG Audio 7860 0 28813 kbps 1.49% HEITV-1 ANALOG i
5 (@ PATPID=0 200 0x00C8 7 41 0 1.50kbps 0.01%
- TransportStreamID = 2000 300 0Qw012C 7 41 0 1.50 kbps 0.01%
[ NITPID =16 310 00136 Video 30318 0 111 Mbps 5.74%
ServicelD = 6000 - Mire HBIT 330 00144 Teletext 5682 0 208.29 kbps 1.08%
ServicelD = 4000 - HBITV-1 2 610 00262 MPEG2 Video 30412 0 111 Mbps 5.76% Mire HBITV-2
gewfcjg = ;ggg 5 :ggg; E 620 0x026C Teletext 5670 0 20785 kbps 1.07% Mire HB9TV-2
i EMIC — = =
. 1042 00412 7 467 0 1712 kbps 0.09%
= (@) NIT PID = 16 - Actual Netwark
o . NetmorkdD < 2000 - RESEAL | | 1057 00421 MPEG2 Video 96866 0 3.55Mbps 18133% HBITV-3 DIGITAL
@ () Descriptor = 0x40 - Network || | 1073 0x0431  MPEG Audio 5428 0 20118 kbps 1.04% HESTV-3 DIGITAL
. TransportStreamID = 2000 - 1 1225 0:04C9  Video 31261 17 115 Mbps 5.92%
£ &) SDTPID = 17 - Actual TS 1324 04052C  Teletext 5610 0 20565 kbps 1.06%
OriginalMetworkID = 2000 - R 8191 O:AFFF  Mull Packets 202494 0 742 Mbps 3832%
W TransportStreamlD = 2000 -1 0 00000 PAT T 0 1.50kbps 0.01%
B ) ServicelD = 6000 - Mire HBIT 16 00010  NIT i1 0 1.50kbps 0.01%
8 ge”f‘jg = iggg 5 :gggi‘g 17 00011 SDT a 0 150 kbps 0.01%
M - EMNIC = - -
5 ) ServicelD = 5000 - HBITV-3 [ 194 0x00C2  PMT 41 0 150 kbps 0.01% HESTV-1 DIGITAL
5 (@ EIT PID = 18 - Actual TS, Prasen 400 0x0180  PMT 41 0 1.50kbps 0.01% HEOTV-1 ANALOG
@) OriginalMNetworklD = 1000 600 00258 PMT 41 0 1.50 kbps 0.01% Mire HEITV-2
TransportStreamID = 5000 1124 (464 7 41 0 1.50 kbps 0.01%
& B ServicelD = 3000 1224 0x04CB 7 41 0 150 kbps 0.01%
i k=) ServicelD = 6000 - Mire HEOT 1524 (x0SF4  PMT 41 0 1.0 kbps 0.01% HBITV-3 DIGITAL
= B ServicelD = 16
= B ServicelD = 1000
B &) ServicelD = 2000
B ServicelD = 17
G E) ServicelD = 4000 - HBITV-1 A
G E) ServicelD = 4500 - HBITV-1 T
& E) ServicelD = 5000 - HBITV-3 L .
TransEdit, TSReader tools
1 10 | 3
Eind Preview Data Rate:  19.37 Mbps
Quallt.y: 48 %
Save as XML [E] Hi Save as CSV Start Recording E&f:&zre: gﬂh:::g:ﬂﬂ
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Software work-flow for the RX side

Do |
. leandvb-script.sh ;
. |
: :
: rtl-sdr program Q leandvb program IS vic program video

SDR RX Hardware & ' 5.

NESDR Nano2+ : task: build the task: demodulate task: display audio

: 1/Q stream DVB-S signal video & audio

! | Parameters | | Parameters | :
I . ) . .
., RXFrequency - Symbolrate |
L Sample rate ; ; FEC ;
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The RX script file, the icing on the cake

leansdr-scripkt.sh (~/grc-Files) - gedit

Open ¥ [+

echo "LeanDVBE tuner"

echo

echo -n "Symbol rate [KS/s]: "
read SR

echo

let SYMBOL_RATE=SR*1000

echo "---------------coomome o
echo "Symbol rate [KS/s]: $5R FEC: SFEC "
echo "----------ome e e
echo

case 55R in

2000)
SAMPLE_RATE="2400e3";;
1000)
SAMPLE_RATE="2400e3";;
500)
SAMPLE_RATE="2400e3";;
250)
SAMPLE_RATE="2400e3";;
125)

SAMPLE_RATE="2400e3";;
€sac

#techo $SAMPLE_RATE

rtl_sdr -g @ -f 1280e6 -s SSAMPLE RATE - | .fleandvb --gui --sr $SYMBOL RATE --cr SFEC | vlc - &

sleep 1
echo ""
echo
echo -n "#*** Press enter to stop receiving at any time *#*=*"
read var_n

television
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Good hack !
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