
Report on field tests using the Nucomm Analog Coder Modulator/Demodulator
ATSC Transport System with Nurad 70-Series Analog Microwave equipment.

Introduction:
Nucomm’s Analog Coder enables digital signals such as HTV ATSC19.39 Mbps to be
transmitted over existing analog infrastructure systems. In addition, the Analog Coder
carries a T1 channel, two RS-232 channels and 8 logic or low data rates channels. The
Analog Coder includes an RS-232 monitor output that outputs a “Signal Quality” reading
that is essentially a carrier to noise ratio which provides a better indication of system
performance than does BER. A signal “Quality greater than 90 is very good with
threshold or cliff effect at a reading of 55. Recent options have been added that now
enable;

• Existing audio sub-carriers to co-exist with the Analog Coders digital signals. These
sub-carriers must be set to 7.5 MHz or higher. Higher frequency sub-carriers can be
integrated with the Analog Coder as required.

• The input data rate can be variable between 1 to 30 Mbps. High data Rates are
under development.

Summary of Tests:
Larry E. Means, KAKE-TV Engineering Supervisor recently conducted extensive field
tests using the Analog Coder. Using the Analog Coder, Larry passed the ATSC digital
signal through a 12 and 24 hop Analog system with extremely good results. The first
tests were conducted without the “Audio Sub-Carrier” option. The third and fourth tests
included the “Audio Sub-Carrier” option. The following are the results of those tests
conducted by Larry Means.

Background:
KAKE-TV is an ABC affiliate located in Wichita, Kansas, and operates two satellite
stations, KUPK-TV in Garden City, and KLBY in Colby, both of which are linked by a full
duplex analog microwave system, supplying ABC Network programming and
Commercials. The microwave system path starts at the KAKE-TV Studio’s in Wichita
and flows westward to KUPK’S Transmitter site near Copeland, and on to Garden City
and northward to KLBY’S Studio in Colby, KS. The total path distance one way is over
300 miles.  This microwave system operates as a 70Mhz  IF heterodyne system,  with
several baseband drop and insert points coinciding with Studio and Transmitter
locations. The system supports one NTSC video signal, along with four FM subcarriers,
one is wideband to carry 12 channels of voice grade MUX, a 9.023Mhz AM Subcarrier
handles Orderwire and Larse MW system control and status information.

Faced with the problem of supplying digital programming to these two Western Kansas
stations, we’ve been looking at several scenarios, one of which involves the use of
Nucomm’s Analog Coder Modulator/Demodulator system to transport an encoded High
Definition digital signal, plus Standard Definition Channels and T-1 data.



Initial Test over a Single Link:
Original testing was completed at KAKE’S Transmitter site, where a single microwave
path was established using Nurad 70-series 7Ghz radios using a FMT-2 Nurad
Modulator feeding a 70AT3 transmitter, the output was attenuated to normal receive
levels and connected to a 70AR3 receiver feeding a FRM-2 demodulator. The Nucomm
Analog Coder modulator was supplied a SMPTE-310 signal from KAKE’S DTV
transmitter signal path and the SMPTE-310 output of the Analog Coder Demodulator
was reconnected to the DTV Transmitter input. This effectively placed the 7Ghz Radio
RF Path and Analog Coder system in series with our DTV transmitter.

The Analog Coder Modulator output must connect to the 70Mhz modulator baseband
input to bypass the video roofing filter. Video Pre-emphasis in the FMT-2 and De-
emphasis in the FMR-2 were disabled, along with the lower frequency FM subcarriers
(6.2, 6.7, 7.5Mhz) which seemed to improve the Signal “Quality” reading obtained from
the Analog Coder Demodulator, displayed on a computer screen running “Hyper
Terminal” to a Solid “80”.

To simulate fading conditions I used a variable Weinschel attenuator and reduced the
RF input to the receiver, corresponding to a 37db video S/N, which is the normal auto
mute setting.  The digital signal held up well and appeared to be more robust, appearing
to surpass the normal point where the analog signal would have been unusable, or the
receiver would have auto muted. With the receiver auto mute disabled I was able to
reduce the RF input to a point that produced signal “Quality” readings from the Analog
Coder Demodulator in 55-60 Range. This signal region produced random but noticeable
“Checker boarding” effects on the KAKE-DT Signal, anything less than the above signal
“quality” figures produced a total loss of transmitted digital signal.

Tests through 12 and 24 Hop Analog Microwave System:
The second phase of Analog Coder testing involved moving the equipment to the
KAKE-TV studio location, where all of the Analog Coder connections were completed,
and the SMPTE-310 KAKE digital signal was routed through the microwave equipment
used to supply programming to the Western Kansas stations. Testing was conducted on
several different occasions, with similar results, by installing 70Mhz IF cable loops
between the 7Ghz Receiver and MW Transmitter at the KUPK-TV (6 hops) Transmitter
site, and the KLBY Studio in Colby (an additional 7 hops). At this point we basically
turned the signal around and returned it back to the origination point here at KAKE,
where it was routed out to the DTV Transmitter. Depending on the location of the IF
cable loop, this produced the equivalent of a 370mile or 620mile long haul 70Mhz IF
heterodyne microwave path. We were pleasantly surprised with the results. The Analog
Coder preformed quite well for a single system attached to such a long haul microwave
system.

Tests were conducted with and without audio subcarriers and with and without video
Pre & De-emphasis. In general the Analog Coder performed better without video
emphasis. As an example, with all audio subcarriers turned OFF, and emphasis ON a
“Quality” reading of 64% was obtained over 12 hops and 58.6% over 24 hops. With the



emphasis turned OFF a “Quality” reading of 72% was realized over the 12 hops and
66.4% over the 24 hops.

Audio sub-carrier tests were conducted with and without the “Audio Sub-Carrier” Option.
This option filters the Analog Coder output spectrum above 7.5 MHz. Without the “Audio
Sub-Carrier” option and with all four audio sub-carriers turned ON (6.2, 6.7, 7.5 and 8.3
MHz) and the emphasis was OFF, the “Quality” reading dropped from 72% to 66% for
12 hops and from 66.4% to 62.3% for 24 hops. Audio channels 6.2, 6.7 and 7.5 MHz
were extremely noisy and unusable. The 8.3 MHz audio channel sounded noise free
and usable for programming. When the “Audio Sub-Carrier” option was added and the
sub-carrier S/N on both the 6.7 and 7.5 MHz greatly improved, with just a slight noise
pop noticeable on the 6.7 MHz channel.

With the “Audio Sub-Carrier” option installed and audio sub-carriers below 7.5 MHz (6.2
and 6.7 MHz) were turned OFF the “Quality” reading improved back to 70.4% for 12
hops and 65.4 for 24 hops. When all four sub-carriers were turned on, the “Quality”
reading dropped by only about .8%. However, the noise level of the 6.2 and 6.8 MHz
audio channels was significantly degraded. The higher sub-carriers were crystal clear.
It’s evident from these tests that the 6.2MHz & possibly the 6.7MHz FM subcarriers may
have to be dropped to insure optimum digital signal path “Quality” for this transport
system. The KAKE Digital signal looked good, with no noticeable visual impairments.

Conclusion:
The over the air KAKE-DT digital signal looked good throughout both 12/24hop tests,
and we were hard pressed to tell any difference on the monitor between an 8 mile path
to the transmitter verse the 620 mile path.

The Nucomm Analog Coder ATSC transport system certainly preformed well in these
tests conducted on our 15 year old microwave system, and appears to be an attractive
solution for delivery of HD programming on existing analog microwave systems. The
following conclusions are sited from the above tests:

1 – The best performance is obtained when the video Pre & De-emphasis is
disabled although only slightly degraded performance results if the video Pre & De-
emphasis is not disabled.

2 – If audio sub-carriers are to used, the “Audio Sub-Carrier” Option must be
installed. For best performance, all sub-carriers must be at 7.5 MHz or higher.

Larry E. Means
KAKE-TV Engineering Supr.
1500 N. West Street
Wichita, Ks. 67203
Phone-1-316-946-1317
E-mail: lmeans@kake.com

KAKE-TV/KTN MW SYSTEM -NuCOMM "ANALOG CODER" TEST RESULTS (4-1-03)
(KAKE's SMPTE-310 Signal Routed thru the KTN System before being aired Locally)



Coder Demod Coder Demod
Signal Quality KAKE-DT Signal Quality KAKE-DT FM S/C

NURAD EQUIPMENT Reading ON/AIR Reading ON/AIR AUDIO
Mod/Demod Config. (12-mw hops) QUALITY (24-mw hops) QUALITY QUALITY

(367miles) (616miles)
TEST#1
BSBD/HF INPUT
No Video Filter
Vid Pre/De-emphasis-ON
All 4-FM S/C -ON 62.5 OK 58.1 OK (?) 1-N/A,2-3 Bad, 4-OK
FM Ch-1 S/C-OFF 62.3 OK 58.5 OK 2-3 Bad,4-OK
FM CH-1,2 S/C-OFF 63.8 OK 58.3 OK 3-Bad, 4-OK
FM CH-1,2,3 S/C-OFF 63.8 OK 58.6 OK 4-OK
All 4-FM S/C -OFF 64 OK 58.6 OK

TEST#2
BSBD/HF INPUT
No Video Filter
Vid Pre/De-emphasis-OFF
All 4-FM S/C-ON 66 OK 62.3 OK 1-N/A 2-3 Bad, 4-OK
FM Ch-1 S/C-OFF 69.8 OK 65.1 OK 2-3 Bad, 4-OK
FM Ch-1,2 S/C-OFF 71.9 OK 66 OK 3-Bad, 4-OK
FM Ch-1,2,3 S/C-OFF 71.9 OK 66.4 OK 4-OK
All 4-FM S/C-OFF 72 OK 66.4 OK

TEST#3
BSBD/HF INPUT
6Mhz- Ext. Video Filter-IN
Vid Pre/De-emphasis-ON
All 4-FM S/C-ON 62.4 OK 58.4 OK 1-N/A,2-?, 3-4OK
FM Ch-1 S/C-OFF 64 OK 58.5 OK 2-?, 3-4 OK
FM Ch-1,2 S/C-OFF 64.6 OK 58.6 OK 3-4 OK
FM Ch-1,2,3 S/C-OFF 65.5 OK 58.8 OK 4-OK
All FM S/C-OFF 65.6 OK 58.7 OK

TEST#4
BSBD/HF INPUT
6Mhz-Ext. Video Filter-IN
Vid Pre/De-emphasis-OFF
All 4-FM S/C-ON 63 OK 60.5 OK 1-N/A 2,3,4-OK
FM Ch-1 S/C-OFF 70.4 OK 64.6 OK 2,3,4-OK
FM Ch-1,2 S/C-OFF 70.4 OK 65.4 OK 3,4-OK
FM Ch-1,2,3 S/C-OFF 71.2 OK 65.6 OK 4-OK
All 4-FM S/C-OFF 71.2 OK 65.6 OK




