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Modulation and RF Bandwidth with DVB-T

As discussed earlier, DVB-T transmissions can be cho-
sen to use QPSK, QAM-16, or QAM-64 for modulation.
In addition, the transmitter can be chosen for 6 MHz, 7
MHz or 8 MHz bandwidth. The choice of the modulation
does not affect the RF bandwidth because the carrier
has been divided into so many evenly-spaced sub-
carriers (1,705 sub-carriers for DATV). Fig 7 shows the
typical spectrum analyzer view of a DVB-T transmission
with 8 MHz bandwidth.
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Figure 7 — Theoretical spectrum fo
DVB-T signal
(NOTE: bottom axis is labelled in MHz)

The only difference in the choice of modulation is the
amount of payload for Net-Data-Bit-Rate that is available
in the transmission, for a given bandwidth. The Net-
Data-Rate that the transmission can provide is shown in
Table 4. For a given bandwidth, the efficiency that is
available is affected by the FEC setting and the
Guard Interval setting. Notice that QAM-64 modulation in
Table 4 provides approximately 50% more payload

(NDBR) than the same settings for QAM-16 modula-
tion. Also, QPSK modulation provides approximately
50% less payload than QAM-16 modulation.

Table 5 — Example of DVB-T Transmission “Pay-
load” for different Modulation Schemes

Net-Data-Bit-Rate
for FEC=1/2 Guard = 1/4
Modulation § 6 MHz BW 7 MHz BW
QPSK 3.74 Mbps 4.36 Mbps
QAM-16 7.46 Mbps 8.71 Mbps
QAM-64 11.20 Mbps | 13.06 Mbps

Table 5 is a sample of “payloads” (NDBR) for different
modulation schemes using same FEC setting and
same Guard Intervals. If you remember that NTSC
MPEG2 TS can be selected to be around 2.0 Mbps
NDBR (see Table 1), then you can see that two video
TS can be carried by a single QPSK 7 MHz carrier.
QAM-16 and QAM-64 can carry even more TS videos
at the same time. Essential, this how commercial DTV
broadcast stations can carry six DTV “sub-channels”
on the same transmitter.

| wondered why wider bandwidths provided a higher
payload data-rate, if each bandwidth used exactly the
same number of sub-carriers?? Then, | remembered
that the Symbol-rate for each bandwidth is adjusted
based on the spacing of the sub-carriers to provide the
orthogonal interference protection. So, narrower
bandwidths do require the use of slower Symbol-rates.

Table 4 — Net-Data-Rate for a Chosen RF Bandwidth and Modulation Scheme
(Table courtesy of SR-Systems)
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An interesting note about DVB-T RF Bandwidth is that
SR-Systems has designed their MiniMOD exciter
boards to allow for selection of DVB-T transmission
bandwidths of 8, 7 ,6, 5, 4, 3 MHz and down to only 2
MHz BW. These narrow bandwidths of 5 —to— 2 MHz
are not covered by the commercial DVB-T standard.
But, as Stefan DG8FAC explains “...we transmit on
70cm with 2MHz in QAM-16, 1/2FEC and 1/4 Guard,
and this works perfectly.” The NIM receiver boards that
are available from SR-Systems, have modified firmware
used with the DiBcom7000 chip used in the NIM DVB-T
board to receive the 2 MHz BW. But, this “not-normal”
bandwidth choice will not work with commercially avail-
able SetTopBoxes that were not intended to be used
with a 2 MHz bandwidth.
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Figure 8 — A DVB-T MiniMOD exciter output trans-
mission is seen on a Spectrum Analyzer
(Courtesy of Stefan DG8FAC)

Fig 8 shows a DVB-T transmission spectrum produced
at the output of a MiniMOD exciter board. This picture
shows the direct resemblance to the theoretical DVB-T
spectrum shown in Fig 7.

The spectrum display in Fig 9 looks quite different than
the theoretical shown in Fig 7. Peter Cossins VK3BFG
who has contributed much to the VK3RTV repeater
DATV progress explains “...The DVB-T spectrum from
the final amp sampled via a directional coupler to a
dummy load is quite rectangular. This spectrum [Fig 9]
tapers off with increasing frequency ....it should be fairly
flat on the top! The spectrum photo | have provided is
live off a 49 element J beam ....I checked a local com-
mercial UHF on the same antenna which is very
close in freq and it looks somewhat similar, but a
bit more rectangular as it should be. The repeater
antenna up the hill is the original analogue one opti-
mized for 444.25 MHz, not 446.5 Mhz.

Figure 9 — DVB-T transmission as seen on a
Receiving Station shows effects of VK3RTV
Transmit Antenna tuned off-frequency

(Courtesy of Peter VK3BFG)

This seems to be confirmed as ‘performance’ is better at
the bottom end rather than the top end. The repeater an-
tenna is quite OK to about 4 MHz+ so it was satisfactory
for the analogue system.

I think what you are seeing is the variations in gain per-
formance of both antennas over the bandwidth...

De-rating the PA Output

It is finally worth noting that DVB-T is more sensitive to non-
linearity of a power amplifier than DVB-S technology. This is
because the QAM modulations have a very large “Peak-to-
Average Ratio” called PAR. The graph in Fig 10 shows that
OFDM (think QAM-64) is very much worse than QPSK. Be-
cause you can not allow distortion from “flat-topping” the power
peaks, the average power out of the amplifier will be set low.
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Fig 10 — PAR for amplifier output power when processing
signals with various digital modulation technologies
(Graph courtesy of Robert Green — Keithley Instruments, Inc.)

Peter VK3BFG confirms by explaining “...Digital television
[DVB-T] requires extremely linear RF amplifiers and hence it
was necessary to bias the module close to Class A. This is an
extremely inefficient mode with a maximum efficiency of 50%.
The actual efficiency obtained for DVB-T was about 14 % !l

Driving the amp is extremely non-linear and the spectrum
growth occurs at an alarmingly fast rate after a certain point
has been reached....”
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Hans Hass DC8UE has experience as a satellite communica-
tions engineer at a commercial TV station and has access to
good communications instrumentation. Hans explains that
“...0n measurements with my own DATV DVB-T transmitter, |
can operate the linear 6Watt PA only at 300mW (in QAM-16
mode). That is 13db below saturation or 5% from the possible
FM-power (not DC-input power). If | increase the power, the
MER [digital Modulation Error Ratio] will get poor values.”

Stefan DG8FAC wrote: The exciter power output settings in
DVB-T mode with a 6W Power Amplifier are made with ETL
measuring equipment as follows:

GAIN =08 yields MER 40dB [good] at 100mW OUT

GAIN =10 vyields MER 39dB [acceptable] at 250mW OUT
GAIN =13 vyields MER 34dB [poor] at 500mW OUT

On the web site from Alberto (DG@VE) you can read (in Ger-
man): All amplifiers can also be used for DVB-S and DVB-T
with reduced power. You will notice that in the DVB-S mode
only about 20% to 25% of the maximal power (P-1dB) can be
used. Working in the DVB-T mode you will get only approxi-
mately 8% to 10% of the P-1dB power level.

Comparing DVB-T with DVB-S and ATSC

Table 6 goes though an exercise of PROs and CONs for each
of the primary technologies considered for ham DATV. Many
hams see the primary disadvantage of DVB-T for DATV as
squeezing the fixed bandwidth of normally 6 MHz or wider
into crowded band plans. But, on the opposite side of the
coin is the DVB-T capability to easily carry more than one
video picture simultaneously on the same carrier. Choosing a
DATV technology really depends on your requirements.

Conclusion

DVB-T technology offers many interesting concepts and ca-
pabilities for ham DATV. There can be no doubt that its design
to deal with multi-path noise is impressive. My main reason for
selecting DVB-S for my home station was to take advantage
of the narrow bandwidth offered for DATV. But, | enjoy study-
ing the competing DATYV technologies and understanding how
they work. My philosophy in this TechTalk article is that it is
good to know the strengths and weaknesses of each DATV
technology.

Table 6 — Comparing PROs and CONs between DVB-S, DVB-T and ATSC DATV Technologies

DVB-S

DVB-T ATSC

PROs

Bandwidth can be as small as 2 or 3 MHz
Cheap FTA Set Top Boxes (STB) on eBay

\Wide-spread experience and knowledge is
provided by European hams on the Internet

Excellent multipath interference immunity
Cheap Set Top Boxes (STB) on eBay

6 MHz bandwidth can support multiple video
streams

Excellent multipath interference immunity
Cheap Set Top Boxes (STB) in USA

6 MHz bandwidth can support multiple video
streams

CONs

Multipath interference immunity not as strong

Standard 6, 7, or 8 MHz fixed bandwidth is no

6 MHz fixed bandwidth is no advantage over

as DVB-T or ATSC, but plenty of FEC
correction is available

advantage over analog-ATV analog-ATV

High Peak-to-Average of power for QAM modulation
requires very linear power amps and large de-rating
of average output power.

Dolby audio AC3 encoder licensing issue
unfeasible for hams

Current ham transmitter boards for ATSC
cannot provide AC3 audio (Dolby)

Typically DVB-T exciter board is 100% more
expensive than DVB-S

Use of substitute MPEG-2 audio does not
work with ATSC STBs, but can (may?) work
\with cable-ready DTV receivers

Interesting DATV Links
e Digital Video Broadcasting organization (DVB commercial standards) — see www.DVB.org
Digital Video Broadcasting standard for DVB-T — see ETSI EN 300 744 V1.6.1 specification
TAPR PSR Quarterly Journal Issue 111 on DVB-S Modulation — see www.TAPR.org/psr.html
British ATV Club - Digital Forum — see www.BATC.org.UK/forum/
German portal for DATV streaming repeaters and downloads — see www.D-ATV.net (in German)
AGAF D-ATV components (Boards) — see www.datv-agaf.de and www.AGAF.de
Lechner DATV Boards - http://lechner-cctv.de/d-atv-dvb.151.de.htmI?mwdSID=9agn7phuiu46fvm2ok3aueltf3
Complete ready-to-go DATV transmitters — see www.d-atv.org/D-ATV-Modulator.pdf
SR-Systems D-ATV components (Boards) — see www.SR-systems.de
DG@VE microwave amps, up-converters, down-converters — see www.DGOVE.de
Kuhne Electronics (DB6NT) RF Amplifiers — see www.Kuhne-Electronic.de
Charles Brain G4GUO blog on programming SDR for DVB-T transmitter — see http://G4GUO.blogspot.com/
Melbourne DATV Repeater VK3RTV — see www.VK3RTV.com/latest.html
Orange County ARC newsletter entire series of DATV articles — see www.W6ZE.org/DATV/
Wikipedia on DVB-T — see http://en.wikipedia.org/wiki/DVB-T
Wikipedia on Guard Band — see http://en.wikipedia.org/wiki/Guard_interval
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The OCARC May General Meeting was held at
the Red Cross complex in Santa Ana at 7:00 pm
on Friday evening May 21, 2010. There were a
total of 43 members and visitors present. There
were nine club officers present for a quorum.

Kristin K6PEQ opened the meeting to with the
Pledge of Allegiance. She then introduced our
guest speaker — Charles Basham — N6DZW,
Public Safety Manager of Southern California
Edison.

Since the 1940’'s the Edison Amateur Radio
Network has been active. The W6SCE network
is on 144.33 and 446.00. Charles started his
discussion with this thought “Safety is a choice
and often just common sense”. He pointed
out that when working with electricity a basic
thought is “Plan the Work, Work the Plan”. This
plan has something of value for each of us. In
the planning of each electrical project — be pre-
pared to organize your project, have emergency
plans ready to go in the event of an accident.

One of his important points was “Call before you
dig — dial 811”. This is a free service available
for Southern California Edison to prevent digging
into power lines. Remember if you dig without
calling “811” and hit underground power lines
you are liable!

His Field Day safety suggestions are:
e Look up for power lines
e Locate antennas far away from power
lines
e Never throw antennas, guide wires
e Never set up antennas in the dark
e Be aware of power lines touching trees

Charles N6DZW shared some invaluable infor-
mation and hopefully everyone left with a better
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awareness of the dangers of electricity. Com-
mon sense safety is the answer.

Fig 1 — Charles N6DZH of SCE presents on Electrical
Safety

After our guest speaker we had Roll Call and
introduction of members and visitors. We had
five new members and our sixth was a former
member who renewed. Welcome to all!

Kristin reminded the membership that OCARC is
scheduled for two days at the Orange County
Fair — Wednesday, July 21st and Saturday, Au-
gust 7th. Please contact Kristin to sign up and
have a day at the OC Fair. The Amateur Radio
booth is lots of fun and you get to share your
experiences with everyone. It is a rewarding
experience.

Ken W6HHC and Doug W6FKX discussed the
upcoming Field Day plans. They are still in need
of volunteers for set up, operating the radios and
tear down. If you have time available and a pick
up truck contact Ken or Doug. Plan on visiting
Field Day at Walter Knott School — June 25-
27th.

Kristine KC6TOD reminded everyone of the
early bird sign up for the 2010 ARRL Convention
in San Diego September 17, 18 & 19th. Check
out their website for more information:
http//www.sandarc.org. The convention is being
held at the Four Points Sheraton Hotel & Con-
vention Center in San Diego.

The next OCARC Board meeting is being held
on Saturday, June 12 at 8:15 am the Jagerhaus
Restaurant 2525 East Ball Road, Anaheim.
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For SHOW & TELL — Clem WGMEC shared his
experience with the Morse Code, his Telegra-
pher experience for the railroad and his own
personal key. He reminded everyone of Samuel
Morse’s birthday on May 24". Clem had some

interesting handouts as well as passed around
his QSL cards collected for many years (some of
which brought back memories to several mem-
bers). Thank you Clem.

Fig 2 — New member Clem W@MEC provided a short
talk on American Morse Code

Fig 3 — Clem WG@MEC provided a show-and-tell on an
unusual key

It was with great pleasure that Kristin presented
a check from OCARC to Tom KI6GOA as a
thank you donation to the Red Cross for allowing
us the use of the facilities in Santa Ana for our
meetings
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Fig 4 - OCARC President Krlstln K6PEQ pre-
sents Tom KI6GOA of American Red Cross with
a donation check

It was a great meeting and everyone was look-
ing forward to the raffle. Motion to adjourn by
Nicolas AF6CF and seconded by Larry K6YUI.
Meeting adjourned at 8:45 pm.

Respectfully submitted:

Kristine Jacob KC6TOD — OCARC Secretary

Latest in Ham Hand-Held Gear?
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OCARC Board Meeting Minutes
May 08, 2010

The ORARC Board meeting was held at the JagerHaus Restaurant, 2525 East Ball Road, Anaheim, at
8:15AM Saturday, May 8, 2010. There were a total of 6 directors and 2 visitors — Diane Konechy &
George Jacob N6VNI. There was a quorum with the directors’ present.

DIRECTOR REPORTS:
e President Kristin KEPEQ — confirmed the May speaker — Charles Basham N6DZW from SCE
e Treasurer Ken W6HHC —Balance on hand $5,995.
e Kristine —-KC6TOD — reminded that K6EVDP has the equipment from the silent key donation and we need to notify
the club of the availability of the equipment.
e Membership Loran AF6PS confirmed that we have 80-85 members, 3 new and flyers are at HRO
e Nicholas AF6CF shared the successful Baker to Vegas experience
e Larry K6YUl—none

OLD BUSINESS:
e RF Newsletter “ Rotating” Editors — thank you to all who volunteer!
O June—Ken W6HHC
July - Paul W6GMU
August — Kristin K6PEQ
September — Bob AF6C
October - Kristine KC6TOD
November — TBD
0 December-TBD
e 2010 Field Day Plans —
0 Location WALTER KNOTT SCHOOL
0 Ken W6HHC and Doug W6FKX — co-chairmen
0 Organization of Band Captains — we are looking for volunteers
= 20 Meter phone — Ken W6HHC
= 20 Meter CW — Paul W6GMU
= 40 Meter Phone — Doug W6FKX
= 75/15M Ph -50% commitment by the Catalina Repeater group [note: they can’t make it]
=  2M (and 6M... maybe UHF) Robbie KB6CJZ
= Looking for additional team captains
.The Chuck Wagon will be volunteers — sandwiches and pizza, beverages refilled, etc. Very simple. (See inset with
up to date Field Day plans) Need runners for food.

O O O0OO0Oo

» Eyeball Cards — Project in process - Robbie KB6CJZ and Nicolas AF6CF handling.

NEW Business - Orange County Fair - OCARC days are July 21% and August 7th. Need list of volun-
teers to be sent in for Megan’s Law.

GOOD OF THE CLUB - comments on the new ARRL website, not as user friendly.
OCARC Field Day information needs to be updated on ARRL website.

Motion made to adjourn meeting by Nicolas AF6CF and seconded by Ken W6HHC.
Meeting adjourned 8:50 AM
Respectfully submitted:

Kristine Jacob KC6TOD, Secretary
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