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As Television Broadcasters transition their 
service from analog to digita, they face the task 
of planning, purchasing, installing, operating, 
maintaining, and feeding power to multiple 
transmitters. Transmissions are in a new signal 
format, and at least for a while on new 
frequencies, with new antennas and coverage 
patterns. It is necessary, for regulatory and 
business purposes, to plan and then confirm 
signal coverage of the new digital signal and any 
degradation of analog coverage. 
 
When a transmitter site is upgraded to add 
digital, it should be standard practice to measure 
coverage of the analog signal; make the 
transmission plant changes; then check the 
analog signal again and make a through 
measurement of the new digital signal. 
 
The ATSC terrestrial digital television 
modulation format used in North America and 
Korea is different from DVB-T authorized for 
use in many other countries. However, both 
schemes have some common characteristics. For 
example, each format generates an RF spectrum 
which simulates a “noise-like flat-spectrum” 
signal within the transmission channel. Because 
of this common feature, it is possible to learn 
lessons from tests performed on one digital 
format and then apply those lessons to the other 
modulation scheme. This is especially true with 
respect to RF signal coverage measurements. 
 
Automated Signal Coverage Measurement 
In the past, an analog coverage check could be 
done by hand, by the station engineer as time 
permitted. Many stations had not changed 
antennas for many years and coverage could be 
confirmed by measuring a few locations with a 
manual field strength meter and calibrated 
antenna. The current changeover adds a 
completely new digital channel for each installed 
analog channel, and renders manual signal 
coverage measurement impractical in terms of 
time and available manpower.  
 

  Z Technology Automated Signal Coverage 
Measurement/Mapping System 

 
Station RF Engineers and Broadcast Engineering 
Consultants now have new automated 
measurement tools available to bring this 
massive task under control. As an example, Z 
Technology, a manufacturer of NIST traceable 
RF measurement equipment, builds the DSS5800 

RF Coverage Measurement/Mapping System for 
the ATSC format, and the DSS5600A for the 
DVB-T format. Each of these DriveTest systems 
incorporates a digital decoder appropriate to the 
modulation format. These systems can rapidly 
collect and automatically record and display 
signal strength along with critical data 
parameters as the measurement vehicle drives 
through the station’s coverage area. The system 
measures integrated power of the digital signal, 
and plots this information on a map while 
recording many different RF and COFDM or 
8VSB data parameters to clear-text files. The Z 
Technology DriveTest™ software application 
can be set to collect data on multiple digital and 
analog signals during the same data-collection 
drive. 
 
Measurement Antenna Height Considerations 
Traditional broadcast signal measurements have 
been taken at a 10-meter (30.48-feet) antenna 
height, representing early viewer antennas 
mounted on home rooftop masts. While this is 
still a reference height, it has been a factor 
inhibiting automated measurement. 
 

 
A 10-meter  vehicle-mounted mast  

tends to be flexible 
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On a calm Spring day, measurements at 10 
meters may seem like a pleasant idea, but on a 
cold, windy day, you wish for a better way. How 
about making measurements at about 3 meters 
(9.144 feet)? That would be much easier. You 
would not have to keep erecting a mast for each 
measurement, and perhaps be in much less 
danger of striking overhead obstructions.  
 
It is useful, then, to compare measurements taken 
at the traditional 10-meter level to measurements 
taken at the 3-meter height of a short mast on a 
vehicle rooftop. By developing this correlation 
we can rapidly evaluate the coverage area for 
trouble spots, and then if necessary spend more 
time exploring questionable locations at a 10-
meter level.  
 
Test Procedures Utilized 
Tests were conducted in the Portland, Oregon 
area, where we knew the terrain and knew where 
we might expect difficult reception. A 10-meter 
measurement mast was constructed using a 
telescoping glass fibre mast mounted to a heavy-
duty box trailer hitch. For measurements in 
motion, a Z Technology magnetic test antenna 
mount modified to incorporate an antenna rotator 
was used to support the calibrated dipole antenna 
at about 3 meters above ground level on the roof 
of the vehicle. 
 
The antenna factor, including the cable loss for 
each channel was entered into the DriveTest job 
file, and the field strength recorded by the 
automated Measurement/Mapping System 
directly in dBuV/m. The test procedure called for 
field strength measurements in dBuV/m peak 
visual carrier for analog channel 49 and digital 
power integrated over 6 MHz on channels 46.  
 
Channel 46 is a new service transmitting a full-
powered digital television signal. The analog 
channel 49 signal has been on air for many years.  
Both the analog and digital stations transmit 
from towers on a hill approximately 15 km from 
the sites chosen for the tests. 
 
Three test sites were selected for 10-meter 
measurement suitability, with particular attention 
to overhead clearance and local vehicular traffic. 
Site conditions were manually noted in the 
DriveTest data file.  
 
A calibrated Roberts Balun Dipole was used as 
the reference-receiving antenna. This type of a 

dipole is a reliable, easily maintained 
measurement antenna that can be calibrated for 
tractability to the National Institute of Standards 
and Technology. The half-power beam width of 
a dipole antenna is about 73 – 78 degrees, so it is 
necessary to maintain the direction of the 
antenna towards the transmitter location to 
within about 20 degrees. 
 
The elements of the calibrated dipole were 
correctly adjusted for the frequency to be 
measured and raised to the 10-meter level and 
pointed in the direction towards the station 
continuously displayed by the DriveTest™ 
application. The mast was then carefully moved 
to determine any multipath effects, watching the 
DriveTest system’s graphic spectrum and 
multipath profile displays. With the antenna 
correctly positioned, the mast was then carefully 
moved over a small distance around the 
reference location while recording a full set of 
RF and data measurements at a rate of about one 
set every two seconds. The mast was then 
lowered and the same calibrated antenna placed 
on the vehicle roof mount, pointed in the same 
direction. A similar set of measurements was 
recorded using the calibrated, vehicle-mounted 
antenna, with the vehicle stopped, then moving 
slowly near the reference location.  
 
Field strength values reported by the 
measurement system were then analyzed in the 
DriveTest application to determine a difference 
between averaged 10-meter and averaged rooftop 
measurements. This provided a number to be 
added into the antenna factor to make an 
estimate of the field strength at 10-meters while 
making the actual measurement at rooftop level 
with the vehicle in motion.  
 
A complete set of data for each channel at each 
antenna height was captured into a comma-
delimited file at each location. All measurements 
were annotated and saved for later analysis 
within the DriveTest™ application and 
Microsoft Excel™.  
 
The comparison was repeated at a second and 
third location with a variety of surrounding 
conditions to determine if a single value could be 
used to represent an expected difference between 
10-meter and 3-meter field strength 
measurements. Using actual measurements of the 
same signal and antenna at two different heights, 
a modification value was developed to be added 
into the antenna factor to provide a reasonable 
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approximation of field strength at 10-meters 
when the actual location of the measurement 
antenna was mounted at about 3-meters on the 
vehicle rooftop.  
 

 
10-meter  vs. 3-meter  signal strength 

plotted by Microsoft Excel™  
 
A 6 dB reduction in signal strength is typical of 
digital signal strength measured in unobstructed 
areas. In obstructed areas differences of up to 10 
dB were observed.  
 
Variation in signal strength as the antenna is 
moved is less for digital than for analog signals 
because the DRIVETEST SYSTEM measures 
integrated power is measured over the full 
bandwidth of the digital signal. Measuring 
equipment that estimates integrated power from 
a single frequency measurement could give 
unpredictable results under multipath conditions. 
 
Now confident of our tools and techniques, we 
can use the automated measurement/mapping 
system to plot coverage of real digital signals. 

 
Observations  
After reviewing the measurement data, several 
observations seem appropriate: 
 
First, there is a difference in signal strength at 10 
meters vs. 3 meters antenna height. At 3 meters 
height, signal strength is somewhat lower, with 
more variation as the measurement antenna is 
moved. In a relatively clear environment, a rule-
of-thumb difference of about 6 dB can be used as 
a starting point. Try to avoid nearby signal path 
obstructions. 
 
Second, measurements at three meters are useful 
to determine areas of problem reception, and 
may better represent actual consumer receive 
antenna height. This will be particularly true for 
indoor antenna and future handheld device 
reception. 

 
Third, measurements at 3 meters are likely to be 
more complete as they are easily automated. 10-
meter measurements involve much time-
consuming operator activity for each 
measurement. 
 
Fourth, a significant finding was that as the 
antenna is moved, signal strength changes are 
less pronounced for digital than for analog 
signals. This is because RF measurements of 
digital signals integrate power over the full 
bandwidth of the signal. Alternatively, only a 
single frequency (the picture carrier frequency) 
is measured for the analog signal. Under 
dynamic multipath conditions, the level of a 
single frequency analog signal may yield 
unpredictable strength measurements. 
 

 
Severe multipath has little effect on the 

measurement of integrated power  
 
The data validated the usefulness of 
measurements of both analog peak power and 
digital integrated power with the vehicle stopped 
or in motion. The file comments were useful in 
evaluating any expected differences. 
 
The conclusion of our comparative test gives us 
new confidence in our tools and techniques; 
therefore, we believe we can use the automated 
measurement/mapping system to plot coverage 
of actual digital signals in real world situations 
with reasonable assurance of getting useful 
results. 
 
Automatic measurement of digital signals 
The DriveTest system reports minimum, 
maximum, and average power in addition to 
integrated power across the digital channel 
bandwidth. Digital decoder data parameters 
important to each modulation scheme are also 
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captured for ATSC or DVB-T signals. Any 
parameter can be plotted as the route is driven.  
 
Multiple stations and signal types may be 
recorded, and data from any station may be 
displayed real time or later. Any single 
measurement location can be selected for display 
of a full set of parameters, or a run of 
measurement locations can be easily averaged. 
 
Antennas considerations 
There are two approaches to horizontally 
polarized calibrated and traceable vehicle 
mounted antenna systems: specially made 
omnidirectional antennas and standard, 
directional Roberts Balun tuned dipoles used 
with a rotator. 
 
Omnidirectional, horizontally polarized antennas 
can be constructed and characterized by 
reference to NIST traceable antennas, but there 
tends to be some variation in the horizontal 
pattern. While an omnidirectional antenna would 
be convenient, this pattern variation is one factor 
being measured in the transmitted signal and is 
best avoided in the measurement (receive) 
antenna. 
 
A superior approach is to use a Roberts Balun 
dipole mounted on a rotator. A simple antenna 
rotation scheme allows pointing the traceable 
dipole antenna during mobile testing. Automatic 
pointing schemes are available, as used in station 
newsgathering vehicles, but a much less 
expensive rotator can be used to manually point 
the measurement antenna.  A directional icon 
points to the transmitter location to aid pointing 
of the measurement antenna.  
 

 
A directional icon points towards the 

transmitter  as RF signal strength is plotted 
 

 
Z Technology magnetic antenna mount 
modified to include a directional rotator  

 
Dr iveTesting with a directional antenna  
To validate the usefulness of DriveTesting, and 
test for any unexpected effects, the 3-meter 
height vehicle antenna with rotator was used 
with the DriveTest system to take automated 
measurements while driving to the next location. 
The Measurement/Mapping system recorded RF 
signal strength data for analog and digital 
stations close in frequency. Care was taken to 
keep the antenna pointed towards the transmitter 
within about 20 degrees during the drive by 
using a rotator-antenna-mount to point the 
antenna as indicated by the direction-to-
transmitter icon. During the drive, the 
measurement system plotted integrated power on 
the DriveTest application maps, and the icon 
pointing to the transmitter helped us know when 
to adjust the antenna direction. The application 
knows your GPS location, and you have entered 
a transmitter location, so the direction icon 
provides a continuous indication of where the 
measurement antenna should be pointed. The 
three representative location tests and a short 
drive loop were completed and documented in a 
half day. 
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All 10-meter and 3-meter data was captured into 
data files for review later in the day in the 
DriveTest™ application and comma-delimited 
files were exported to Microsoft Excel™ for 
further analysis. 
 
Conclusions 
There are many variables in the transmission 
path, from transmitter to transmission line to 
antenna to transmission obstructions. Each 
variable seems to have its own set of additional 
variables. But now it is easy and cost-efficient to 
measure and map the real result of all these 
variables using modern automated measurement 
systems.  
 
With automatic field strength measurement 
equipment, actual analog and digital signal 
coverage can now be efficiently mapped. 
DriveTesting with a vehicle-mounted antenna 
creates useful, predictable, reliable 
measurements that can verify coverage and 
indicate areas for further investigation and 
correction. 
 
Initial planning and installation can be verified 
and any problems discovered quickly. And just 
as important, NIST traceable performance is 
documented in clear text for future reference and 
intelligent discussion. 
 
Readers are encouraged to conduct their own 
experiments. Z Technology’s investigation will 
continue with progress reported, along with 
additional digital television measurement 
information in the Tech Notes section of the Z 
Technology website, www.ztechnology.com. 
 
 


