























with deviations up to 20 MHz, on
amateur bands that are wide enough
(e.g. 70cm).

Current amateur analog FSTV
practice appears to use FM and the
PAL (phase alternating line) colour
standard on the bands from 23cm

(1240-1300 MHz) and up. Equipment

is readily available; e.g. a variety of
kits can be purchased from Minikits®
in South Australia.

Forward ho!

Like many aspects of modem life,

there is a trend towards digital

technology and away from existing

("legacy”) analog methods. The

amateur service has adopted and

adapted various digital TV standards

for both SSTV and FSTV. There are a

number of reasons for this:

1. Digital techniques allow for
emor detection and correction
as well as sophisticated image
compression methods so that
high quality TV can be received
using less transmitter power
and narrewer bandwidtisthan
required for comparable analog’
methods.

2. Personal computers have
become ubiquitous, powerful
and low-cost, so it is very much
easier to generate and decode-
&-display high quality digital
video streams. The processing
power of a PC, combined
with an inexpensive Software
Defined Radio, means virtually
any transmission format can be
received with the same hardware,
which solves many problems.

3. The once large supply of analog
TV equipment is ‘drying up’ and
digital TV equipment is becoming
more available and cheaper, so it
makes sense to use what is more
easily acquired, at least for initial
activities.

On standards
Noting that there are a number of
global digital TV standards*with a

3. wwuqmlnlldls.com.au/ebmm-lm/
amateur-television

4. htips://fen.wikipedia.arg/wikilDigital_
Video_Broadcasting

variety of technical differences (and
which continue to evolve), there are
two standards that have been widely
adopted by amateurs. The key
difference between these two DTV
standards Is the way the information
is transmitted:

¢ Digital Video Broadcasting
- Terrestrial (DVB-T), uses
orthogonal frequency-division
multiplexing (OFDM), which is a
method of encoding digital data
on many closely-spaced carrier
frequencies. Each subcarier is
modulated at a low symbol rate
using a conventional modulation
scheme, such as Quadrature
Amplitude Modulation (QAM), or
Phase Shift Keying (PSK). The
sum of all data rates is similar
to a conventional single-carrier
modulation scheme in the same
bandwidth as the sum of all the
sub-carrier bandwidths.

* . Digital Video Broadcasting
- Satellite (DVB-S), uses a

~ single carrier frequency that is

- . modulated at a high symbol rate
using some type of digital PSK
or QAM; either QPSK, 8-PSK or
16-QAM.

This key difference between DVB-T
and DVB-S has implications for
amateurs because of the way the
‘transport stream’ (the video signal)
is modulated, i.e. a single modulator
is easler to implement compared to
muitiple modulators and the greater
linearity requirements of transmitter
power amplifiers when transmitting
OFDM compared to a single
modulated carrier.

DVB-T used by amateurs is
the same as that used by the
commercial and state broadcasters,
except that amateur bands are used.
A number of Australian amateur
radio organisations transmit regular
DATV programs using DVB-T and
have active groups of operators
involved in TV activities. See, for
example, the Radio and Electronics -

Association of Southern Tasmania® -

(REAST), the Melbourne Amateur

8. www.reast.asn.au/special-interest- -
groups/amateur-tv/

TV Group® and the Whyalla Amateur
Radio Club’.

The use of DVB-S seems to
be more recent, first appearing in
2017. The British Amateur TV Club®
has adapted the DVB-S format for
amateur use; in particular, the BATC
Portsdowen DVB-S project, which
is very popular. The advantages of
this project include that it is modular,
uses readily available components,
and has a reasonable amount of
‘do-it-yourself’ construction which
is appealing to many technically
inclined amateurs,

The defining feature of the
Portsdown project is its ability to
send high quality vision and sound
streams in a relatively narrow
bandwidth (as little as 300 kHz),
which allows FSTV transmission
in bands not traditionally used for
amateur TV,

In the UK, Reduced Bandwidth
DATV'® (RB-DATV) is being used
(with restrictions or special
permission) on their 6m, 4m and 2m
bands. This would nat be possible
if DVB-T or analog TV standards
were used. Intheory (at least) in
Australia, we could transmit RB-
DATYV signals in amateur spectrum
in our bands from 52 MHz and up,
though there would need to be
some very interesting band-planning
discussions.

In summary, DATV is an
application used by amateurs to
transmit TV images on amateur
bands. . s

It is possible to get on the air
using a variety of equipment and
transmission formats. DATV is a very
interesting aspect of the amateur
service that expands our options
for communications and technical
investigations (as the “official”
definition of amateur radio sets out).

Read on and get out your
soldering irons!

6. www.vk3rtv.com

" 7. www.users.on.net/~jgroffen/WARC/

Amateur¥%20Tefevision.htm
8. htips://batc.org.uk/
9. https://wiki.batc.org.uk/The_
Portsdown_Transmitter
10, www.nbiv.wyenet.co.uk/
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stream is being transmitted, which
is a useful function. Of course,
switches and signal sources can be
purchased but it was more fun to
design and build them.

The schematic diagram of the
video switch is shown in Figure 4
and it can be seen that there are
two more-or-less identical paths for
the video signals. One path through
switch U1 selects the video source
going to the program output, while
the second path through U2 selects
the preview output which goes to a
separate video monitor.

The preview channel can also be
connected to the program output
if desired. Arduino module M2
interfaces to a 4 x 4 matrix keyboard
that allows the operator to select the
wanted program and preview inputs
and the selected Input are shown
on Light Emitting Diodes driven by a
dual 2-to-4 line decoder, a 74HC139
{U3). A decoder was used instead
of output ports on the Arduino as
it simplified the construction of the
switch and minimised the number of
Arduino O lines required.

Note that the switch was
built on Vero board using various
components | had on hand and
there are many ways and other
components that can achieve the
same results. Hence, there is plenty
of opportunity for experimentation.

The video test source is built
using an Arduino Nano (M1), which
generates a low resolution black
and white video frame with station
detalls in fairly ‘chunky’ text; it was
surprising that the Arduino couid
generate the video signal but it
produces an acceptable resuit.
There are only two outputs used on
Arduino M1 - one is the horizontal
and vertical synchronising pulse
output (D9), while the other is the
image pixel output (D8).

The two outputs are combined
using two diodes and resistors,
with the resistor values selected
to give more-or-less the correct
amplitude for each part of the video
waveform. See the GitHub page
called Arduino-TVout for Video
Experimenter for further details of
hardware and software of the video

source.
Note that video source switching
is not synchronised with the incoming
video frames because none of the
input sources are synchronised, so
there is a momentary flicker on the
screen when switching sources; for
now, that is acceptable. The selected
video output goes to the video
capture dongle of the Portsdown
transmitter and the video stream
is converted to DVB-S format for
transmission.

Audio input

The audio source for the TV program
passes through a home-made
audio mixer. A microphone, line
level input, or a built-in test source
can be selected as inputs. The test
source is another Arduino Nano
microcontroller that generates a
‘beep’ every second and transmits
the station callsign in Morse code
every minute or so.

Surprisingly, the gudio aspects
of the station gave the most amount
of frouble during development of the’
station. Earth loops and interference
from the various digital circuitry was
hard to eliminate. Using balanced

" low-level audio lines, isolation

transformers, good screening of
signal cables, and low resistance
earthing solved the problem.

The program audio stream is
digitised by the same video capture
dongle that processes the video
stream. Owing to the basic nature of
the audio clrcuitry, no further details
are provided in this article. Again, it's
another area for you to be creativel

Receivers
There are various options for
receiving the DVB-S transmissions.
The BATC MiniTiouner receiver and
associated MiniTioune software is
the most flexible option as it allows
reception over the 143 - 2450 MHz
frequency range with almost no
restrictions on symbol rate, so it
works perfectly well with standard
DVB-S broadcast signals as well as
reduced bandwidth amateur signals.
The receiver has dual RF inputs,
which is useful for operating on
different bands or with different
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antennas, and it appears to be

a reasonably sensitive receiver.
The specialised components can
be purchased directly from the
BATC online shop (if you are a
BATC member) and the remaining
components are readily available
from the usual suppliers. The
MiniTiouner receiver connects to
standard PC via a USB connection.
The DATV video images and
diagnostic information are shown on
the PC screen (see Figure 6).

Another receiver option is the
SDRangel software and a suitablﬁ
SDR receiver module; see the
references to SDRangel on the
RTL-SDR.COM website for more
details and links to download the
application.

A low-cost RTL SDR dongle is
suitable for reception of reduced
bandwidth amateur DVB-S

“transmissions and they work very
well. Along with RTL dongles,
the SDRangel software supports
a variety of other SDR hardware '
{including the LimeSDR , ADALM-
PLUTO, and others), which offer
wider reception frequency range,
a wider receive bandwidth, and !
therefore reception of a wider ranie

i

of symbol rates, as well as the ability
to operate as a transmitter (though
not DVB-S, at present).

For testing and general QSO
usage, this approach is a simple :
and low-cost option (see Figure
7). The Signals Everywhere You
Tube channel has some interesti
tutorials about using SDRangel wi?h
a variety of different SDR hardwar?.

A standard DVB-S satellite set
top box can be used for reception
of 2000 kSymbols/s transmission
which may be useful for initial
system testing, or if high symbo!
rate usage is anticipated. if this |
option is chosen, make sure that the
set-top box covers the frequency:
range around 1255 MHz and will
handle the DVB-S mode. A variety
of units are available, some of whtfh
operate from a 12 Vde supply, which
is convenient for portable operatid
(see Figure 8). :
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and a good antenna with line-of-
sight paths, and one watt will easily
span 50 km. Whyalla, a small city,
can be mostly covered on 70cm
with one waitt and a three-element
Yagi antenna. :

Amplifiers

Mitsubishi modules are commonly
used for drivers and PAs, biased
to maximum for clean output. |

use a re-purposed solar inverter
heatsink and a fan from an old
Kenwood radio (slightly modified).
NB: Minikits no longer stock 23cm
Mitsubishi modules. | procure mine
via eBay (caveat emptorl). About
two watts of clean DVB-T is all you
can expect from the 23cm module,
and about double on DVB-S.

Amplifying digital signals is
different to amplifying FM and
SSB. DVB-T is a complex signal
with up to 8000 sub-carriers, which
is a potential recipe for disaster.
Spectral regrowth, intermodulation
noise, skirts, call it what you will,
highly linear Class A/AB amplifiers
are required. The Spectrum gods
will protest unless you derate your
amplifier by around 10 dB from
analogue levels,

DVB-S is not so bad, but “bow
waves/skirts” will start to appear
when amplifiers are over-driven.
Push-pull amplifiers are a good
way to go, and a good heatsink
and power supply will be your best
friends. For levéls below 0 dBm,
things are not that demanding, so
you’ve been warned. Also, matching
stages is everything; reflected
power in the system is trouble
waiting to happen.

Boxes and receivers

The Strong brand of DVB-T set-top
box is upgradable to 445.5 MHz
with a USB software upgrade.
Strong has always been supportive
to the DATV community. However,
not all manufacturers are of the
same mindset. With random TVs
and set-top boxes, try before you
buy, or get a confirmation from the
supptier that the device you are
considering is suitable. RTL dongles

also make good DVB-T recsivers.
The brand HiDes manufactures
them as well. Down converters into
the set-top box can be easily built
for the higher bands (Figure 5).

it's hard to go past Strong’s
DVB-S/S2 boxes as well, although
most boxes work fine for 23cm
receive. Some boxes can go down
to 1 Megasymbol, or 2 Msym at
the lowest. Msysm relates 1o the
channel bandwidth. We need one
or two channels for DATV, whereas
Foxtel uses around 30 Msym to
squeeze all its programming into a
small space.

As a rule of thumb, one SD
channe! takes around 3 Msym, and
HD 5-8 Msym. These numbers vary,
depending on the codec. MPEG2
is about half as efficient as MPEG4.
L ow-cost DVB-T/DVB-S combo
set-top boxes on eBay are also
available, but it's a moving target.
They might look the same, but there
seems to be two or thwee versions
in the same housing. Again, buyer
beware.

Antennas

Antennas for 23cm come in a few
flavours. | am a BBQ grid dish man
myself (search VKlogger VK5YYY).
Inspired by VK4APN's logger post
showing a KBT grid, I have made
over 10 based on that picture. -
Dish feeds are wideband and easy
to make from a converted Austar
or TP-Link Grid (aka gridpack)
antenna. Gain is somewhere around
17-18 dBi, and pinpoint pointing
accuracy is not required.

Others use Yagis. Then there

- are panels, whips and Bi-Quads,

all of which have lower gain than
grid pack antennas. For testing on
the bench, we've use quarter wave
ground planes and dipoles made
from hard-line coax. It is hard to go
past Minlkits 23 cm preamps if you
need more receiver gain.

A customised antenna to receive
70 cm may not be required. A
regular commercial TV antenna
may be fine if the signal path
is reasonable. | have had good
success with 450-470 MHz Yagis
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locally made by RFI. For a DIY l
preamp, | suggest a Minikits 70cr
PGA-103-based unit, or similar.
Kingray has a couple of arnplifierﬁ: in
their range that do 445.5 MHz, bqt
most of their products have filtering
to block out the commercial PMR
band and consequently DATV.

Operating
If you decide to build a DATV station,
| suggest a spectrum analyser

{or access to one), or at least an
RTL dongle as essential pieces of
equipment. Being able to measure’
Modulation Error Ratio/Signalto
Nolse/Skirts is an advantage.

is MORE. i.e. a more spectrally pur
signal will achieve far more than an
overdriven, higher power transmiss{on.
DATV has the advantage of Emor
Correction, which helps in fringe
reception (weak signal) situations.

There are many innovations in
DATV. Full HD was pioneered on
VKSROC, first with DVB-S. Now,
most operators are transmitting HD
DVB-T into the repeater, which is
quite cost-effective.

Sydney's VK2RTS repeater h
followed, fostered by John VK2ATU,
using architecture based on that
illustrated in Figure 4.

Whether it be a QSO or
presenting a program, DATV can‘be
extremely rewarding. Many lectures
can be rebroadcast by simply
seeking the author’s permission
and giving credit. Don't forget the
video edition of the WIA broadcast,
kindly produced by Bevan VKSBD.
Downloading it using the
4K video downloader removes
adverts from YouTube. Also, Just
VK7TW presents ‘Digital Amateu
TV Experimenters Night’ on
YouTube most Wednesday nig

if you become a DATV opefeﬂ)r,
you might consider VMIX or OBS,
freeware for your PC. Your PC's
second-screen output is used to
broadcast the picture, while the
first screen is for control. You
try green screen and ticker tapes
for announcements, such as
club activities. Broadcasts can
be streamed through the BATC's






















Safety around your RF emissions
Visualising your electromagnetic
radiation limits with Google Earth

Martin Luther VK7GN

In Australia, every amateur licensee is required to have a
basic knowledge of electromagnetic radiation safety and

to assess the risk that their station presents in relation to
human exposure to the transmitted RF fields'. To simplify the
evaluation and reporting requirements for most transmitting
stations, including Amateur stations, the ACMA has adopted
a system of two compliance levels - titled simply: Level 1 and
Level 2. You are required to determine the compliance level of

your station. Here is some help.

Electromagnetic radiation (EMR)
safety has become an issue over
the last few decades. While | prefer
the term EMR, it is interchangeable
with EME - electromagnetic
emission. Although it is presented
that running below 100 watts does
not require a Level 2 type analysis, it
is good practice to do it for anything
other than QRP.

This article relates to HF
operation. While some of the
techniques apply also to VHF and
above, as the frequencies get higher
you need to do your own study to
be sure your operation complies
with the standard. | have not
done any of the following work for
frequencies above 50 MHz.

While we should all be aware of
EMR, the likelihood of doing any
harm at the frequencies we use
between 1.8 and 50 MHz is very
low.

The standards themselves are set at

a level that is low risk and are mainly-

set to protect from very high levels
of RF found in some occupational
situations. The equations used to
calculate safe distances and power

densities are very conservative. The

ARRL and FCC did some checks
on typical amateur stations that
showed that the calculated results

were conservative compared

to “real world"” measurements

or model analysis with NEC4
(Numerical Electromagnetics
Code)®. Further; amateur operations
are very intermittent, not only two-
way, but also amateur operations
are not on 24/7.

In my early career, | was involved
with safety around high power
microwave links. Get your head
directly in front of one of those
dishes and you could well fry an
eyeball or a brain cell or two.

At all frequencies, EMR heats up
body tissue, but as those of us who
have used high power at HF know,
the heating effect is minor until you
get direct contact with high voltage
RF, which can cause very nasty,
deep burns.

The warning here first is to
make sure the loading network at
the base of that 160m vertical is
covered and Insulated so that small
(or inquisitive) fingers cannot get
near the high voltage! The same
care should be taken with low wires
drooping below head height. Many
new amateurs have been surprised
to see an air-spaced capacitor arc
over at quite low powers!

This is also a case of self-
protection. You never know when

you will get a neighbour who sees
your antenna as a threat to their
wellbeing. You need to be able to
defend yourself.

The standards
The Australian Radiation Protection
and Nuclear Safety Agency
(ARPANSA) standard, contained in
the ARPANSA Radiation Protection
Standards Series No.3, details the
limits set on human exposure to RF.
Many of us may quibble over the
standard, but the standard is what
it is, and we need to defend our
situation against that standard.
In carrying out analysis, | use
three things:
¢ The VK3UM calculator available
on the WIA web site.
¢ An antenna analysis program
. using NEC. | use EZNEC but
there are several others (Refs 2
and 3).
* Google Earth.

The VK3UM calculator provides
the basis for most analysis. In my
calculations | look at powers of
100, 500, and 1000 watts to allow
for situations where more power

is produced. Typically, forgetting
to wind back from SSB settings
when changing over to CW or DATA
results in accidental excess power.
Also, changing bands can result

in overpower. The standard is to
average RF over a six (6) minute
period. It may certainly take that
long to notice that there is excess
power being produced.

The calcutator takes us from
power to the (safe) distance to
people. It provides distances as
safe distance from tower, an on-axis
exclusion zone, and safe tower
height. :
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70cm: 29-element DLEWU design
Yagi with LDF4-50 feeder, mounted
above the 2m array at 5.5 metres
AGL (built by Scott VK4C2Z).

23cm: 36-element DLE6WU design
Yagi with LD4-50 feeder built

by Scott VK4CZ and situated

5.5 metres AGL - mounted on a
veranda.

13cm + 9cm + 6cm: all used aone
metre (1m) diameter dish with a
‘multi-band feed (loaned courtesy of
Rob VK4ZDX — thanks Rob!).

10 GHz (3cm}): 600 mm diameter
prime feed dish.

24 GHz (1.26cm): 400 mm diameter
prime feed dish.

Building on the learnings after our
previous attempts from Mount
Mowbullan, the Spring 2020 Field
Day also saw the introduction of
new masts and rotators for 6m
through 23cm — a move away from
‘armstrong’ rotators and multiple
antennas using single masts,
providing increased flexibility and
more rapid direction pointing.

Kevin VK4UH sorted these by
making supports that could be
installed and removed easily, left
no impact, and allow the masts
to be raised and lowered (with an
appropriate amount of heave-hol),
with increased safety.

These new supports consisted
of a star picket with pivoted cup

(for the want of a better description) -

that the sub-mast mounts into. The
cup is attached to the star picket
through a welded spigot forming the
pivot point, and to which the sub-
mast with rotator and main mast are
attached and raised.

Each mast consists of a thrust
bearing (or stay point) with rope
stays that allow for 360 degree
rotation. Once raised, the guys are
securely set and it's good to go
{well, sort of).

With this set-up, there’s now
100s of meters of rotator control
and coax cable to run, and each
of the three stations can be
assembled. The increased antenna
capability and cable runs has also
meant that each station has an

Table 1. VK4IF/P results by band
Band i 6m 2m 70cm | 23cm  |13cm | 8em | 6cm | 3cm
Contacts 63 85 53 36 12 11 9 9
Final score 29171 | 21622 | 34265 | 53807 |8073 | 8811 | 8491 | 8817
Longest [km] | 1823 | 2300 .| 2300 | 2300 203 203 | 203 | 203
Average [km] | 386 364 | 387 405 156 150 | 150 150

Note: Although we had 24 GHz, no 2-way QSOs were completed.

allocated area of the rental house
- Col VK4MIL no longer has to sit
it out in the walk-in robe. Although
cosy, it wasn’t practical.

Making it come together is aided
by Scott VKACZ's tendency to plan
— in detall (maybe something to do
with his profession as a Corporate
Strategist) - the spreadsheet lists
every item and aspect required to
mount the operation so that nothing
is forgotten, and there’s even
redundancy biiilt in. Remember,
we're over three hours from our
home stations, so racing back to
get that one little thing forgotten just
ain’t going to happen!

And now, from the first time
we were there to this time, the
preparation work, planning and
organisation and set-up has
increased tenfold . . . but worth

~ every bit of the_tlme invested.

.Down time - we do make

some!
While mounting a serious entry
into the Field Day is a high priority,
enjoying the surmounds is also high on
our agenda. The Field Day weekend
is a chance to have time to take stock,
enjoy the area, soak in the views, take
a walk up the mountain and, again,
enjoy more views. And at the end
of each day, also share each other’s
company — oh - and Scott’s cooking!
A menu is prepared (in another
spreadsheetl) for all meals across
the weekend, ensuring we are all
suitably fed and watered. This year
was no exception. Friday evening:
Marinated Thai pork rashers with
a spicy satay sauce, served with

" Asian greens in a chilli oyster sauce

and Jasmine rice. A choice of New
Zealand Sav Blanc and/or Australian
Pale Ale. Saturday evening: Gourmet
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-are observed, all within metres of the

Angus burgers with fried haloumi |
and desert of sticky date pudding, i
custard and ice cream. This time, |
with the choice of an Australian
Pinot and/or Australian XPA. Diets
are in order on our returni!

While it may be Spring, and
back home in Brisbane it was over
30 degrees C, the mountain air -
chills rapidly as soon as the Sun
lowers and the temperatures at '
Mount Mowbullan quickly-drop
below 20 degrees C overnight. As
Queenslanders with thin blood, the |
wood bumer is lit and kept running |
across the weekend, ensuring we're
all warmed up and ‘match fit’.

Being on the edge of the Bunya -
Mountains National Park also means
that we can enjoy the fauna - which is
something else. The area surrounding
the house is full of wildlife, with
wallabies, paddy melons and
bandicoots scampering around at all
times of the day and night. And the
birdlife is plentiful. Numerous species

house, but we especially love the
King Pamrots and Magpies that call
the rental their home and wander
through it whenever they pleasel

A quick overview of the
effort

An operation of this type, doesn’t
just happen - as you can well
imagine, it keeps the three
operators pretty busy. It included:

Planning: Commences at least foun
weeks out, involving a few face-

to-face sessions (over coffee) to :
challenge and confirm thinking and |
lock-in plans.

Logistics: Three vehicles {(large
4WDs) and one trailer. All full - no
passenger seats left.
























































































