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Propagation studies of the performance of the European Digital TV (DTV) broadcast
standard, DVB-T, were performed by KH6HTV on the island of Maui, Hawaii .Tests
were run on the amateur radio 70cm band. The general conclusions were that the path
loss measured was typically 30dB worse than predicted by free space path loss. Excess
path losses ranged from 15 to 46dB with a standard deviation ( σ ) of about 7dB for about
50 measurements.

Measurement Details: The DVB-T transmitter was as Hi-Des model HV-100EH
Modulator driving a KH6HTV Video, model 70-9A Amplifier. The output power was
almost 10 Watts avg. (+39.3dBm). The modulator parameters were set as follows: 429
MHz center frequency (Ch 58), 6 MHz bandwidth, QPSK, H.264 video encoding, 8K
FFT, 5/6 FEC, 1/16 Guard Interval. The video source was a Canon camcorder running a
pre-recorded video and audio program to provide "live" video. The camcorder output
was 1080P, but it was passed through an HDMI/composite converter to provide a 480i
composite video signal to the transmitter.. (Note: This was done to allow the use of the
on-screen-display (OSD) of received signal strength and s/n. The Hi-Des receiver's
OSD doesn't work well with 1080P.).
The 70cm transmit antenna was a Diamond model X-50 (+10.9dBi). Transmit coax was
50ft, of 9913/N (-1.4dB). Antenna height was approximately 4 1/4 meters. It should be
noted that the antenna was not high enough to clear all surrounding trees, vegetation and
buildings. Thus extra path loss attenuation due to absorption from vegetation, etc. in the
near vicinity of the transmitter is to be expected.
The transmitter location was at KH6HTV's QTH located in Pukalani, Maui, Hawaii. (20 o
49'36"N x 156o 19' 50"W) This is on the slopes of Mt. Haleakala, a 10,000 ft. volcano.
The transmitter was at an elevation of approx. 1,200 ft above sea level. Unobstructed
views from this location are only to the south-east up the slopes of Mt. Haleakala and to
the south-west towards the west Maui mountains. The Haleakala highway and the
observatories at the summit of Mt. Haleakala are visible from KH6HTV. The view north
down into the central Maui valley is obstructed by nearby houses and trees.
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The DTV receiver was in an automobile which was driven around the island of Maui,
both in the central valley and on Mt. Haelakala. The receive antenna was a Larsen 5/8λ
mobile whip antenna (+8.1dBi) on a Larsen mag. mount base with 15 ft of RG-58coax (1.6dB). The automobile was a Mazda Miata convertible. The antenna was mounted on
the center of the windshield frame at an approximate. height of 1.2 meters. The DVB-T
receiver was a Hi-Des model HV-110. An ARR model P432PDG pre-amplifier (20dB
gain, 0.8dB NF) was used in front of the receiver. The DTV digital threshold sensitivity
of the preamp/rcvr. combo was -100dBm. The composite (480i) video (plus audio)
output from the receiver was displayed on a Haier, 12Vdc, 7" color video monitor. The
OSD was activated on the receiver to display both the received signal strength in dBm
and the signal to noise ratio in dB. These values were recorded at each location. The
Receive Power ( Prcv) recorded was corrected by subtracting the 20dB gain of the pre-amp
from the observed OSD value.
The receiving automobile was driven around the immediate neighborhood of Pukalani to
measure strong, local signals. It was then driven down the Haleakala highway to the
main towns of Kahalui and Wailuku. Signals were very marginal along the highway
until arriving near the airport. Signals were intermittently received at various locations
in both Kahalui and Wailuku and as far west as Wailuku Heights and as far east as
Spreckelsville. The automobile was also driven "up-country" along both the Kula
highway and also the Haleakala highway all the way to the 10,000 ft. summit. The video
monitor gave both an audio and video display of the received signal while the automobile
was in motion. DVB-T does work well in a mobile environment with Doppler shift.
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Measurements of received signal strength (in dBm) and signal to noise ratio (in dB) were
made at a total of 53 locations. These measurements where only done where a picture
was being received and it was also safe to pull over to the side of the road to make the
measurements. At each location an i-phone GPS receiver was used to determine the
latitude and longitude of each site. Distances and elevations were then determined using
Goggle Earth. The aerial view shown above shows the location of a few of these sites.
They are seen to be predominantly on either a north-west or south-east bearing from the
Pukalani transmitter site.
The DTV transmitter's output power, Pxmit(dBm), was measured in true RMS using an
HP-232A Power Meter with a model 8478B thermistor power sensor head. A Narda
model 776-B, 30dB, 50 Watt attenuator was used in front of the power sensor.
The
gains for the transmit and receive antennas were previously measured and reported in
KH6HTV Video application note, AN-4 ( available at www.kh6htv.com ). In lab bench
tests, the Hi-Des HV-110 receiver's OSD power meter was found to be quite accurate (<
±1dB) from -10dBm to -90dBm.

Path Loss Calculations:

The Free Space Path Loss, PLfs, in dB was

calculated using the equation:
PLfs(dB) = 20*log( freq in MHz) + 20*log (distance in miles) + 36.6dB
PLfs(dB @429MHz) = 89.2dB + 20*log (distance in miles)
The predicted power at the receiver (in dBm) is calculated from the equation:
Prcv(dBm) = Pxmit(dBm) - Xmit Cable Loss (dB) + Xmit Antenna Gain (dBi)
- Path Loss (dB) + Rcv Antenna Gain (dBi) - Rcv Cable Loss (dB)
Inserting the above values:
Prcv(dBm) = +39.3dBm -1.4dB +10.9dBi - PL(dB) +8.1dBi -1.6dB
or Path Loss (dB) = 55.3dBm - Prcv(dBm)
For example at the farthest distance of 14.4 miles (location #18), the recorded receive
power was -59dBm with a s/n = 19dB. Removing the 20dB pre-amp gain says the signal
strength from the antenna was -79dBm. Thus the actual path loss was -134dB. The
theoretical free space path loss, PLfs, for 14.4 miles would be -112dB. Thus the excess
path loss was -22dB.

Propagation Conclusions:

Actual, measured Path Loss varied from 15dB to
46dB worse than theoretical free space path loss. Data where no picture was received
was thrown out. There were 47 valid observations made. The mean value was 29.8dB.
The standard deviation ( σ ) was 6.8dB. Best cases were in the range of 15-25dB where
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both the transmitting and receiving sites were higher than the intermediate terrain, with
essentially "line-of-sight" paths.

Longley-Rice Predicted RF Coverage Map:

Phil Rice and A.G. Longley
performed a lot of VHF/UHF propagation research at NBS-Boulder in the 1960s. They
developed a computer program to predict RF coverage maps. This program is now
available as a free, valuable, on-line computing tool from the Communications Research
Centre - Canada ( http://lrcov.crc.ca/main )
Using the Longley-Rice program, RF coverage maps were generated for the specific
parameters of this 70cm, DVB-T propagation test. When they were adjusted by adding
an additional 30dB of path loss, and using a 95% confidence, their predictions matched
well the results of the actual field survey.

Longley-Rice RF Prediction Map -- added 30dB to contours to match field data
-- Gray = 54-64 dBuV/m, Blue = 64-74 dBuV/m, Red = >74 dBuV/m --95% confidence --- transmit antenna at 4 m & receive antenna at 1.5 m
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The complete tabulated field measurement data and detailed calculations for data entry to
the Longley-Rice program are available, upon request, from KH6HTV Video in a much
longer paper.

