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Fig. 1 Hi-Des model HV-320E, DVB-T, Modulator

In March / April, 2016, I first evaluated the then new Hi-Des model HV-320E, DVB-T
Modulator.   The evaluation was documented in my application note, AN-28a [1].   At
that time, I was not favorably impressed with it and recommended instead that fellow
amateur  radio/TV operators  instead  purchase  the  older,  more  expensive,  model  HV-
100EH.   My major objections to the original HV-320E then were:

1. Poor Thermal Engineering -- It dissipated 5 watts of power in a totally sealed
enclosure.   It got very hot to the touch and would malfunction after an extended period
of operation, even in a room temperature environment.   Note:   my personal solution was
to add ventilation holes and a small muffin fan, see AN-37 [2].

2. Video Encoding Resolution -- It did not allow the user to select the outgoing
resolution.  It was fixed at the incoming resolution.  This was a major issue for using the
unit at the lower possible bandwidths, such as 2 MHz.   Feeding it 1080P HDMI resulted
in the unit attempting to put out 1080P at 2 MHz BW, when only 480i is really possible.
It thus forced one to use the 480i composite video input if one wanted to operate with
lower bandwidths.
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LATEST PRODUCTION ENHANCEMENTS:

Recently,  Colin  Bradley,  WA2YUN,  called  my  attention  to  the  fact  that  Hi-Des  has
recently  corrected  these  above issues  with  their  current  production.    They have  not
changed their model designator, nor their web site specs. & marketing to reflect these
improvements.   Colin recently sent me his new HV-320E for evaluation.  It was the
standard  unit,  without  any  of  the  optional  rf  power  amplifiers.   He  purchased  it  in
November, 2017.  It came with a User's Guide-20170816 and the AVSender, Windows,
computer setup program labeled as IT9919.  The firmware version is 55.21.

Fig. 2 Front panel of the NEW (Nov. 2017), Hi-Des, model HV-320E

Thermal  Issue: Fig. 2 above shows Hi-Des' solution to the thermal issue.  They
have now installed in the front panel a tiny cooling fan and also ventilation holes.  The
fan is about the size of a dime.  Caution: do not touch the fan while operating.  There is
no protective screen in front of it.   The fan solved the thermal problem.   The unit now is
only lukewarm to the touch and will now run continuously with a 100% duty cycle.

Video  Resolution:   Hi-Des has also revised the firmware to allow the user to specify
the desired video output resolution.   It can now be set to accept any standard video input
resolution (up to 1080P) and either upscale (to 1920x1080) or downscale (to 360x480).
Thus, the HV-320 will now work down to 2 MHz bandwidth with 480i output, even with
a 1080P, HDMI input.  (some limitations apply, see later paragraph).

Conclusion:   The author now endorses the HV-320E, with these latest modifications,
as a good buy suitable for amateur TV operations.
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TECHNICAL  EVALUATIONS:
The following pages summarize the various technical evaluation tests and observations
made on this newest release of the HV-320E.   Where appropriate, it's performance is
compared to the older, original model HV-100EH.

1. PRICE:  The HV-320E current list price is $369.  The HV-100EH's price is $500.

2. FREQUENCY COVERAGE:  The HV-320E covers from 100 to 2500 MHz
(including the amateur 70cm, 33cm, 23cm & 13cm bands).  The older HV-100EH covers
50 - 950 & 1200 - 1350MHz.

3. BANDWIDTHS AVAILABLE: Both models support  1, 2, 3, 4, 5, 6, 7 & 8
MHz bandwidths.  The HV-320E also includes 1.5 & 2.5 GHz. This was confirmed on a
spectrum analyzer.   Actual, fully operational, performance was only confirmed on 70cm
down to 2 MHz BW, which was the lower limit of the test HV-110 receiver.   In the USA,
amateurs normally use a 6 MHz bandwidth, consistent with the FCC channel allocations
for  broadcast  TV service.    In  some  frequency  congested,  large  metropolitan  areas,
amateurs are successfully using narrower bandwidths.

4. RF  OUTPUT  POWER:   The max. rf output power is higher with the HV-
320E.  It is also flatter across it's specified frequency range. This was verified with a
spectrum analyzer up to 1.5GHz.  The HV-320E's measured power was;:  +6dBm (70cm),
+3.5dBm  (33cm),  +4dBm  (23cm)  &  -1dBm  (13cm).    For  the  HV-100EH,  it  was:
+2.5dBm (70cm), 0dBm (33cm) & -6.5dBm (23cm).

5. RF  ATTENUATOR:Both  models  include  built-in,  programmable  attenuators
with 1dB steps.   The attenuator's setting must be pre-programmed over USB from a
windows computer.  The HV-320E's attenuator range was 0 to -47dB.   The HV-100's
range was >50dB.  The attenuators were found to be accurate to within < ±1dB.

6. RF  SPECTRUM: The HV-320E has a far better, purer, spectrum compared to
the older HV-100EH.   See the appendix for typical spectrum plots as measured on a
Rigol spectrum analyzer.   The shoulder break-point at the channel edges was typically
better than -47dB.  The worst case was at the max. output power, where it was -41dB. 
   

The HV-100EH has a major spectrum issue with leakage of the center frequency
carrier.  It starts to become noticeable when the attenuator is set to about -6dB below
max. power.  It becomes very objectionable with -10dB of attenuation.   The shoulder
break-points  are  about  -34dB at  max. output  power.   They are better  than -40dB for
attenuation settings between -3dB and -20dB.

7. A / V  INPUTS: Both  models  support  digital  HDMI  (up  to  1080P)  and
analog, 480i, composite A/V inputs.   The operation of both was confirmed.
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8. VIDEO   COMPRESSION:    The  HV-100EH supports  both  MPEG-2  and
H.264.   The HV-320E only supports H.264.   This is not seen as a major issue as most
people are now using the newer, more efficient, H.264.

9. AUDIO  COMPRESSION:   Both  models  support  MPEG-2  and  AAC.    It
should be noted that MPEG-2 must be used with the Hi-Des receivers.

10. VIDEO  INPUT  RESOLUTION:   Both models support all standard resolutions
up to 1080P.

12. VIDEO  OUTPUT  RESOLUTION:    Both  models  support  all  standard
resolutions from 360x480 up to  1920x1080.    The output  can be either  up-scaled or
down-scaled from the input resolution.  This is a major improvement over previous HV-
320E units.  This has been verified for both models.

13. OUTPUT RESOLUTION  vs.  BANDWIDTH:  It  was  found  that  the  video
output resolution must be set to 480i (i.e. 720x480) or lower when operating on a low
bandwidth of 2 MHz.  Attempting to run higher resolutions at low bandwidths results in
pictures being transmitted, but with lots of freeze frames.   780P (i.e. 1280x720) was
possible for bandwidths of  2.5, 3, & 4 MHz.  1080P (1920x1080) was possible with
bandwidths of 5 to 8 MHz.   There were some limitations however for allowable FECs.

14. DVB-T   TRANSMISSION   PARAMETERS:   both  models  support  ---
modulation modes (QPSK, 16QAM & 64QAM),  FFT (2K, 4K, & 8K), Guard Interval
(i.e. sync) (1/32, 1/16, 1/8 & 1/4),  Forward Error Correction (i.e. FEC or Code Rate)
(7/8, 5/6, 3/4, 2/3 & 1/2).   The HV-320E was found to work well with all three modes of
QPSK, 16QAM & 64QAM.   Note:  FEC issues for HV-320E  - see next paragraph.

15. FEC  ISSUES: Operational  tests  were  run  on  all  possible  bandwidth
settings using 480i, 720P and 1080P HDMI inputs.  QPSK modulation and 8K FFT  was
used.   Operation was confirmed at various settings of guard interval and FEC.   The least
aggressive coding used was 1/32 guard and 7/8 FEC.  The most aggressive coding used
was  1/16  guard  and  1/2  FEC.   The  encoding  bit  rate  was  set  to  the  Hi-Des
recommendation of 80% of maximum allowed.  The highest bit rate used was 19Mbps
with 64QAM and the least aggressive coding (23.75Mbps max.).

The  HV-320  was  found  to  not  perform  as  well  as  the  HV-100EH  at  low
bandwidths with aggressive coding.   It caused freeze frames with an FEC of 1/2 at 2.5 &
3 MHz BW.   At 2 MHz BW, FECs of 1/2, 2/3, & 3/4 caused freeze frames.  It worked ok
with FECs of 5/6 & 7/8.   This was not an issue with the HV-100EH, as it worked well at
2  MHz BW with 1/2 FEC.

16. BOOT-UP  TIME:   It takes about 13 seconds from applying DC power until a
valid DVB-T rf signal appears.   The HV-100EH takes considerably longer at 32 seconds.
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17. LATENCY:   Latency is the word used to denote time delay in digital systems.   I
used  the  measurement   technique  described by Tom O'Hara,  [3].    For  this  test,  the
camcorder was put in "live camera" mode looking at both my computer monitor and also
the DTV receiver monitor screens.  Tom's fast clock was displayed on both. A digital
photo was then taken of the image of both screens.  The HV-110 was used as the receiver.
The HV-320 / HV-110 latency was found to be 629 ms.  The HV-100EH / HV-110 latency
was found to be comparable at 719 ms.   i.e. approximately 0.6 vs. 0.7 seconds.

18. HDCP: This stands for High-bandwidth Digital Content Protection.   It is a
special digital signal imbedded into the HDMI protocol intended to protect copyrighted
material.  Unfortunately, in the HDMI handshake process, if this signal is in the wrong
state, some HDMI apparatus will refuse to communicate with certain other types.   This
rears it's  ugly head when trying to use a DVD or Blu-Ray disc player as a source of
program material.    The  DVD player  will  try  to  prevent  you  from connecting  it  to
anything  other  than  a  TV monitor/receiver  when  playing  a  commercial  copyrighted
movie.   The DVD player recognizes a DVB-T modulator as an illegal apparatus.   When
I  evaluated the first of Hi-Des' 300 series, the HV-310, I encountered this issue.   My
DVD  player,  playing  my  home  videos  (not  copyrighted  material),  still  refused  to
communicate  with  the  HV-310.    I  complained  to  Hi-Des  and said  the  HV-310 was
unacceptable for amateur usage because of this.  I did not have that issue with the older
HV-100EH.  Thus, when they introduced the HV-320, they provided a firmware fix to
this HDCP issue.   If you encounter this problem with your HV-320, there is a simple
cure.   In  the  AVSender  program,  Media  Configuration  page,  make sure the  HDMI /
HDCP is set to ON.
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APPENDIX:   RF Spectrums for HV-320E & HV-100EH

Spectrum Analyzer settings per W. Fischer, reference [4].   Center Frequency = center of
channel,  Span = 20 MHz,  Resolution Bandwidth = 30 kHz,  Video Bandwidth = 300
kHz,  Detector = RMS,  Sweep = 2 seconds    Spectrum shoulders are measured using
markers at ±200 kHz beyond channel edge, i.e. ±3.2 MHz from center frequency.

http://www.hamtv.com/latencytest.html
http://www.kh6htv.com/
http://www.kh6htv.com/
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Fig. 3 HV-320E Spectrum - 6 MHz BW, max. output power, 
429MHz center frequency, 10dB/div. & 2 MHz/div.  Pout = +6dBm (rms)

Fig. 4 HV-320E Spectrum - 6 MHz BW, attenuation set to -40dB,
429MHz center frequency, 10dB/div. & 2 MHz/div.  Pout = -34dBm (rms)
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Fig. 5 HV-100EH Spectrum - 6 MHz BW, max. output power,
429MHz center frequency, 10dB/div. & 2 MHz/div.  Pout = +2.5dBm (rms)

Fig. 6 HV-100EH Spectrum -  6 MHz BW, attenuation set  to  -40dB, 429MHz center
frequency, 10dB/div. & 2 MHz/div.  Pout = -37dBm (rms)  Note: the undesired strong
spike which is leakage of the center frequency carrier.   Also poor shoulder attenuation.


