












































‘A picture is worth a thousand words’
Part 2: an Arduino Slow Scan TV receiver

Dale Hughes VK1DSH
An Arduino based SSTV generator with the simpler designs was that over time. The final iteration was the
was described in an eartier article they typically used CATs with long Personal Computer with apprg)priate
of this magazine (December 2016). persistence (P7) phosphors which software which could demodiilate
This article presents a matching held the image as an after-glow for - and display the SSTV images and
Arduino based receiver that can some seconds after reception, thus this became the most populanand
display off-air images transmitted the usable reception modes were successful way of using fon
using compatible SSTV modes. limited to relatively low resofution the amateur bands. MMSSTV,(3) is
When SSTV was first developed, images sent quickly. After that came one of the more popular and | xible
the Cathode Ray Tube {CRT) was various designs that digitised the programs that are freely available
the only means of displaying signal and displayed the image for sending and receiving SSTV.
received images and various CRT on a conventional Fast Scan TV There are even SSTV aps for your
based designs were published, monitor (2) and these systems mobile device! ]
even by the venerable Electronics worked very well with the different The idea behind this project was
Australia magazine (1). An issue SSTV modes that were developed to come up with a simple ‘builf~it-
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Figure 1: Block diagram of the SSTV recelver.
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yourseff’, low-cost and functional
system that could receive and
display grey-scale images without
using a PC while using readily
available components. The receiver
provides two functions:
e Display 120 line by 160 pixel
monochrome images (also

represents the brightness of each
pixel. Synchronising pulses are
also derived from the 1200 Hz tone
bursts. To remove image brightness
variations due to signal amplitude
changes the SSTV tone first passes
through a limiter stage (U1) which
produces a square wave output

known as quarter VGA) with constant amplitude. The signal
* Display the waveform of then passes to a band-pass filter
every second video line on an (U2) with a centre frequency of

oscilloscope like display which
is useful for testing purposes.
Figure 1 shows the bock
dlagram of the receiver and
it consists of three parts; the
demodulator, the Arduino
microcontroiler and a display. The
demodulator converts the frequency
modulated SSTV sub-carrier to
an analogue video waveform and
extracts the vertical and horizontal
synchronising signals required to

2300 Hz (corresponds to white),
this demodulates the frequency
modulated sub-carrier by acting as
a ‘slope detector’ i.e. as the signal
frequency varies the filter output
amplitude changes; maximum
amplitude corresponds to the
brightest pixels and the lowest
amplitude output comresponds

to dark pixels. The SSTV tone,
which now varies in amplitude
with brightness, Is passed through

maintain image synchronisation. a precision rectifier (U3 and U4)

The analogue video signal is which extracts the envelope of
digitised by the Arduino and then SSTV signal which is then filtered
sent to the display. The Arduino by US to remove the high frequency
also uses the vertical and horizontal ripple. The filter cut-off frequency is
synchronisation signals to write approximately the highest possible
each pixel in the correct place on video frequency, which corresponds
the display. to alternate black and white pixels

{approximately 900 Hz). The final

the ADC input from spikes or
excessive voltages.

Extracting the 30 millisecond
vertical and 10 millisecond
horizontal synchronisation signals
from the SSTV sub-carrier is done
using a high Q band-pass filter.
The filter (U7) extracts the 1200
Hz bursts from the SSTV signal,
the tone bursts are then rectified
and clipped to produce a series of
pulses at the output of USD. The -
pulses are then passed through
a low-pass filter which integrates
them to produce a pulse whose
amplitude depends upon the
duration of the 1200 Hz input
signal. The shorter 10 millisecond
(therefore lower amplitude)
horizontal pulses are detected by
UBC and the longer vertical pulses
(higher amplitude) are detected by
U8B. The pulses are then latched
by RS flip-flops U9A and U9B. The
synchronising pulses are latched
so that the Arduino microprocessor
can know that a synchronising
pulse has occurred even if the
processor is doing something
else when the pulse arrives. At the
appropriate time the latch Is reset
by the Arduino software to await

Demodulator circuit stage of video processing is U6 the next pulse. The latches reduce
description which adjusts the DC level of the the burden on the Arduino to keep
Figures 2 and 3 show the video signal to ensure the image in exact time synchronisation and
demodulator that converts the component stays between 0 and therefore improve image stability.
SSTV subcarrier in the 1500 -~ 5 volts which are the limits of the
2300 Hz frequency band to a Arduino Analog to Digital Converter
voltage between 0 and 5 V that (ADC). Diodes D3 and D4 protect
Lowa VIDEOG OC LEVEL VIDEO
SSTV INPUT LIMITER RESONATOR OUTTOADC
FROMRX ete. =1 a-e RECTIFIER LOW PASS SHFTS — (A0}
— HSYNCH OUT (D8)
iy - RECTIFIER HORIZONTAL HSYNCH
o~ 0 & SYNCH LATCH
Fo 1200 Mz INTEGRATOR. TRIGGER SET & RESET L« HSYNCH RESET
(N (DS)
>, VSYNCH OUT (03)
VERTICAL VSYNCH
SYNCH LATCH
TRIGGER SET & RESET < VSYNCH RESET
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Figure 2: The demodulator block diagram.
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The Arduino display
Following receipt of a v
synchronising pulse, the Arduino
resets the display to the i
of the top line and then sté
digitising the video envelop
using its internal 10 bit ADC.
Each display pixel is digitised
at the correct time based &n
the pixel count starting
the horizontal synchronisin
signal and the digitised sighal
is sent to the display through
the Arduino Serial Peripheral
Interface (SPI) connection.
When all 120 lines have béen
received the systems holds the
display until the next vertic
synchronising signal is received.
To allow the receiver -
to display an image, or
part image, if a vertical ;
synchronising pulse is missed,
the receiver can operate inla
‘free run’ mode. In this case
each line is written to the ;
display at the current line | |
position. Switching to the !
synchronised mode forces
the lines to be written from|
the top of the screen down
upon receipt of a vertical
synchronising pulse. ‘
The display can also
function as a simple
oscilloscope; in this case tﬁ;
software waits for a horizontal
synchronising puise and th
starts digitising the video |
envelope. The values are
written to the Arduino Random
Access Memory (RAM) and
after 160 pixels have been
recelved the software plots
the waveform on the disp!
as an oscilloscope like trace
during the next video line,
s0 only every second line ls}
displayed. This was done as
the software to plot the lines
joining each point takes sou’ne
time to execute and is unable
to keep up with the lnoomiﬁlg
pixels in real time. None-the-

Figure 3: Demodator circuit |

} schematic diagram. {
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less it is a useful feature as it allows
you to examine the incoming video
waveform.

The display is a 1.8 inch (45.7
mm) 120 by 160 pixel colour TFT
display from Little Bird Electronics
{4), though in this application
the image is only displayed in
monochrome. The TFT display uses
a 16 bit value for setting the colour
and brightness of individual pixels,
5 bits are used for both the red and
blue components and 6 bits are
used for the green component. So
while the digitised video information
is 10 bits, only the most significant
6 bits are used for the green value
and the 5 most significant bits are
used for both the red and blue
values. Combining the data in this
way produces a monochrome
image.

The image size is very similar
to that available from a small CRT
type display. Larger display modules
could be used with minimal changes

Adjustments

There are a number of adjustments
required for comrect operation of the
video decoder. Potentiometer R2
adjusts the limiter output level to
that required for correct operation of
later stages. R2 is adjusted so that
the voltage difference level between
black and white is approximatety

5.5 V at the output (pin 6) of UG.
While measuring the output of U6,
potentiometer R17 (Black Level Set)
is then adjusted so that the voltage
for black is as close as possible to
zero volts. This puts the video signal
into the correct range of values for
the Arduino ADC. A grey-scale test
signal is very useful for doing this
adjustment; otherwise it can be
done with a standard audio signal
generator by injecting 1500 Hz for the
black level and 2300 Hz for the white
level while performing the above
adjustments, The brightness control
can be then used to adjust the image
on the display for best results. -

that extracts the synchronising
signals is best achigved with a
suitable SSTV test signal, either
from the previously described SSTV
test generator, or from a PC using
an application like MMSSTV. The
first step is to monitor the output
of comparator USD and adjust
potentiometer R27 (1200 Hz Clip
Level) so that a series of pulses of
duration 10 ms (horizontal) and 30
ms (vertical) synchronising appear
on the output of USD.
Potentiometer R38 (V-synch Clip
Level) is adjusted so that the output
of U8B responds only to vertical
synchronising pulses. Potentiometer
R31 (H-synch Clip Level) is adjusted
so that pulses are generated at the
output of USC that comespond to
the horizontal synchronising signal
(noting that the output of U8C will
also generate signals in response
to the much longer vertical pulse).
Table 1 gives measured values for the
voltages at the comparator (U8) inputs

to the Arduino software. Correct adjustment of the circuit as measured on the prototype unit.
~
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I;‘Igure 4: Schematic of power supply.
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in the John Moyle Field Day coming
up in early March. We will be
congregating at a nearby national
park and you can expect to have
heard a big signal from our portable
station during the contest.

Our new Equipment room
extension to the club is well in
progress. The room has a number
of purposes including housing our
battery bank and power supplies,
antenna switching systems and new
training centre. Stuart VK6BG has
been one of the major driving forces
behind the extension but assisted
by many members of the club. Our
4-square array for 80 m is currently
on hold waiting for cooler weather
but once this project is finished,
look out 80 ml

Peel Amateur Radio Group
This month, PARG hosted its annual
-swap meet and attracted a large
following from across the Perth
Metro area and beyond. It was good
to see a number of WA based ham
radio vendors attending, along with
tables supported by most of the
clubs in the area. A great event and
looking forward to the next event.

Tony VKEDQ, a stalwart of the
group, wrote the following article for
this month’s club report:

On Thursday, 19 January, the
Peel Amateur Radio Group installed
a Mesh Network antenna at the top
of a Mandurah tower. Eventually we
will have a 2.4 GHz system covering
the Peel district, This network is the
brainchild of Martin VK6MJ who
has worked on and is still working
tirelessly towards its completion.

So far, we have six stations on
line. The new antenna will enable
us to reach out further into the
Peel District and will add greatly
to the alternative communications
available to us as Amateurs in not
only normal communication but in
any emergency situation that may
arise,

It was only an idea but it grew,
and as it grew the benefits it
brought became more and more
desirable. We worked with very little
except enthusiasm and make-do.

Our last job was the tower mesh
antenna. The only thing we had to
work with was a few plctures taken
with a telephoto lens camera. What
a Job that was, trying to figure out
how to fit something to the top of

a tower that we could not touch.
Working from a picture was not an
easy task. The only measurement
we had to work with was 310 mm,
the width of the ladder. To scale
the other steel work from that

one measurement should have
been easy but it was not all on

one plane nor was it parallel to
anything else. On top of that there
was the perspective as seen by the
telescopic camera lens. There was a
fair bit of guestimating, albeit a little
educated, in the final design of the
antenna mounting bracket.

Our rigger scaled the 30-metre
tower with no problem. Hung from
his belt was the cat 6 coms cable,
the antenna and the angle iron
bracket to support the antenna.

By the time he got to the top he
looked about the size of an ant.

It was a long way up. The day
started reasonably cool with little
wind but according to our intrepid
climber, the wind velocity at the top
was quite high. The bracket fitted
like a dream, the antenna looked
magnificent. A computer check,
before our man climbed down
showed that the system was AOK.

We were pleased when our
rigger stepped away from the
tower, a job well done. Just a final
tie up of the cable, pluggingina
power supply inside the building
and we were away. A further check
from a remote computer showed
all was working. The gremlins
came out later. They always do.

A communication from the other
occupiers of the building and users
of the tower said that they were
suffering a serious interference
problem with some of their gear.
Our system was the only change
that had been made, so we were
very suspect. The Ubiquiti Bullet
was only running at 600 milliwatts
and when we shut that down we still
had problems. The next choice was

the switch mode power supply. You
guessed it, as dirty as hell. 100%
confirmed by changing the supply. It
was a simple job to change, just an
inconvenience and a further warning
that some switch mode power
suppiles can be a real problem,
We are surrounded by the things,
just about every piece of domestic
electronics has one and no wonder
the RF spectrum is s0 noisy.

Many thanks to all of the PARG
members who managed to spare
a few hours or donated a bit of
goar to further this project; Martin
VK6MJ, Martin VK6FEEE, Lance
VK6LR, Terry VK6TTF, Warren
VK6HM, Tony VK6DQ and a big
thank you to Paul VK6LL who
drove around to many sites with
a very dubious looking telescopic
aluminium pole on the top of his
4WD during our site assessment
stage. Attached to the top of the
pole was a perforated dish which
was supposed to be very light
weight. The whole crew can testify
that this light weight dish weighed
more than we ever imagined. it
caused the 12-metre pole to waggle
about all over the sky as If it were
made of rubber whilst we stcod
it up with nothing but a lot of luck
and a couple of manpower. A great
testimony to the tensile strength
and reciprocity of aluminiumi

Hills Amateur Radio Group
HARG meets twice each month,
the second and the last Saturday of
each month. The second Saturday
Is a soclal and actlvities day whilst
the last Saturday of each month is a
“formal” meeting (with talks).

Meetings are held at the
Paxhill Guide Hall on the corner
of Sanderson and Brady Roads in
Lesmurdie.

You are all warmly invited to
HARGfest, our annual Amateur
Radio swap meet to be held on
Sunday 9 April this year. The venue
will be the same excellent hall as
last year: the Lesmurdie Hall at 96
Gladys Road Lesmurdie.

Entry for sellers at 9.00 am and
for buyers at 10.00 am
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Ross Hull Memorial VHF-UHF Contest 2017: Results

John Martin VK3KM - Contest Manager

This year the overall winner {Section
A) is Ted Thrift VK2ARA. The other
section winners are Andrew Davis
VK1DA and Hilary Bridel VK2IUW.
Congratulations to them, and also
to the other entrants who made very
creditable scores. It is also pleasing
to see several entries from amateurs
who have not previously sent in a
log.

The Ross Hull Contest has been
running for 67 years now. It has
always been conceived as a DX
contest, in honour of the late Ross
A. Hull and his achievements in the
study of tropospheric propagation,

which helped amateurs to cover
far greater distances than they had
thought possible on the VHF and
UHF bands.

It has also usually been quite
a long contest: in earlier years it
sometimes ran for as long as five
or six weeks. This was so that the
contest could take in the best part
of the summer DX season, and it
also allowed entrants to operate
when they were free to do so. If the
contest ran for only a few days, the
odds are that it may not coincide
with DX openings, or it might clash
with other commitments. But with

the long period combined with
scoring based on the best seven

'days, or the best two days, just

about everyone should be able to
make up a competitive log at some
time during the contest period. The
approach is simple: operate as you
normally would; work whatever DX
comes along; and put it in your log.
What better fun could you possibly
have over the summer holidays?

As for next year, | have flagged
the idea of taking a break. But |
have to admit that the contest has
become quite a habit. So, we'll see
how things gol

[ can Name 50 144 | 432 [ 120824 |34 |57 [10 [24 |47 [vovAL)
MHz MHZ | MHz | MHz | GHz | GHz | GHz |GHz | GHz | GHz

Section A: Analog modes, best 7 days )
VK2ARA Ted Thrift 822 345 | 205 188 | 70 - - - - - 1630
VK2AH Brian Farar 616 351 210 200 | - - - - - - 1377
VK3WRE Ralph Edgar - 146 | 245 376 | 200 | 30 - 100 |- - 1127
VKI1DA Andrew Davis 76 411 435 182 | - - - - - - 1074
VK3ZYC Jim Collins 34 258 225 112 | 60 - 10 10 - - 709
VK3LM Michael Binz 124 153 | 210 200 | - 10 - - - - 697
VK2XIC Rob Heyer 60 1M 175 192 | 80 - - - - - 618
VK2BLS Darrell Harman 46 84 145 192 130 - - - - - 597
VK2FLJD Jason Dickens - 327 200 - - - - - - - 527
VKIRX Allong 34 273 | 200 - - - - - - - 507
VK4ADC Doug Hunter 346 66 35 8 20 - - - - - 475
VK3AV Bernard Petherbridge | 56 108 | 85 64 40 20 - - - - 373
VK7MO Rex Moncur - - - 370 | - - - - - - 370
VK7TW Justin Giles-Clark - - - 230 | - - - - - - 230
VK2Iuw Hilary Bridel 6 48 30 - - - - - - - 84
VKALHD Robert Garland - - - 40 20 - - - - - 60
VK3UH Ken Brown - 9 10 - - - - - - - 19
Section C: Analog modes, best 2 days
VK1iDA Andrew Davis 72 384 | 420 152 | - - - - - - 1028
VK2ARA Ted Thrift 416 11 55 48 - - - - - - 650
VK3HY Gavin Brain 88 99 85 88 70 680 60 |40 - - 5§80
VK3WRE Ralph Edgar - 66 115 176 120 30 20 60 - - 587
VK2AH Brian Farrar 286 105 | 65 48 - - - - - - 504
VK4ADC Doug Hunter 346 66 35 8 20 - - - - - 475
VKIRX Al Long 34 252 | 185 | - - . - B - . 471
VK3AV Bernard Petherbridge | 56 108 85 64 40 20 - - - - 373
VK3zZYC Jim Collins 34 132 80 48 10 - - - - - 314

| VK2FLJD Jason Dickens - 240 65 - - - - - - - 305
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[ catt Name 50 144 | 432 1296 | 2.4 34 (57 |10 |24 | 47 DTAL
MHz MHz | MHz | MHz | GHz | GHz | GHz | GHz | GHz | GHz

Section C: Analog modes, best 2 days (continued from page 39) f
VK3LM Michasl Binz 80 69 75 24 - 10 - - - - 268
VK2XIC Rob Heyer 16 36 60 64 | 30 - - - - - 206
VK2BLS Darrell Harman 16 27 45 864 | 30 - - - - - 182
VK7MO Rex Moncur - - 180 | - - - - - - 180
VK7TW Justin Giles-Clark - - 120 | - - - - - - 120
VK2IUwW Hilary Bridel 48 30 - - - - - - - 84
VK4LHD Robert Garland - - 40 |20 - - - - - 60
VK3UH Ken Brown 9 10 . - - - - - - 19
Section B: Digital modes, best 7 days '
VK2IUW Hilary Bride) 244 - - - - - - - - - 244
VK4ADC Doug Hunter 84 6 - - - - - - - - 90
VK7TMO Rex Moncur - - g0 |- - - - - - 80
VK4LHD Robert Garfand 22 45 - - - - - - - - 67
Section D: Digital modes, best 2 days
VK2IUW Hilary Bridel 192 - - - - - - - - - 192
VK4ADC Doug Hunter 84 6 - - - - - |- - - |0
VKA4LHD Robert Garland 22 45 - - - - - - - - 67
VK7MO Rex Moncur - - - 40 |- - - - - - 40

Contest web page: http://www.wia.org.au/members/contests/rosshuill/ .
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VK3 NEeWS Amateur Radio Victoria

Jim Linton VK3PC
e arv@amateurradio.com.au
w www.amateurradio.com.au

Most repeaters and beacons in
Victoria are working thanks to our
dedicated volunteers who do the
work in the limited spare time left
over after full time jobs and family
commitments.

The expenditure on repeaters
is excess of $20,000 each year. A
two-year membership of Amateur
Radio Victoria costs $30 or $25
concession - less than five cents a
day.

The money being spent on
repeaters includes equipment
maintenance, insurance, site fees
and licences.

The 2-metre repeater major
work includes: VK3RMM Mt
Macedon, working but needs a
transmit antenna replacement;
VK3RMK Mt Kerang has some
pager interference needing antenna
relocation; VK3ROW Beech Forest
needs a new tower; VK3RGV Mt
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Wombat upgrade and refurbishment
in progress; VK3RHO Mt Hotham

is being relocated; while ARV
volunteers from the Geelong
Amateur Radio Club are restoring
VK3RWL at Mt Warrnambool;

and VK3RGS Mt Fatigue is out of
service.

The 70 cm repeater VK3RNU Mt
Stanley Is nearing completion for
power and fit out. The VK3RRU site
at Mildura has the 2 m beacon to be
re-installed after maintenance and
the 1296 MHz beacon damaged
by a lightning strike. On 6 m, the
VK3RMS Olinda was OK but the
recsiver had to be relocated.

The two digital Amateur TV
repeaters face difficulties due to site
lease changes, On Mt Dandenong,
VK3RML will have to be relocated
shortly and after having a 2.4 GHz
outlet for a long time, VK3RBO
Bendigo is now switched off due to

tower space being required forinew
systems. ¢
VK3RML users will be advis'led,
while VK3RBO is operating with its
1250 MHz transmitter and reception
on 446.5 MHz.

Training course enrolments
The state’s largest trainer of neyllv
radio amateurs is Amateur Radjo
Victoria with its next weekend being
on 22-23 April 2017. ‘

To enro! in the quality
Foundation Licence training an
assessments please contact Barry
Robinson VK3PV foundation®
amateurradio.com.au 0428 516)001.

In the last quarter of the year
will be the bridging course ovena
number of weeks taking existin
Foundation licence holders up to
Standard licence level.

e
X
el
e

















































































