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Abstract 
Video surveillance has benefited from the advances in camera and RF 
technologies.  Video is now in routine use at the local, state and 
federal levels.  Wireless video systems operating between 1 and 3 GHz 
are in widespread use, with 900 MHz systems being less common.  
Video transmission poses special demands on the antenna system that 
are not present in other narrowband modes.  Among these are 
multipath interference rejection, and gain flatness.  Highly directional 
antennas are desirable for long-range and/or low-power surveillance.  
Omni-directional antennas are needed for mobile targets.  Selection 
and evaluation of these antennas require an understanding of certain 
characteristics and how they interact.  These characteristics include 
linear and circular polarization, gain and beamwidth, diversity 
reception, and physical vs. electrical size. 
Basic rules of thumb and simple formulas will be presented which 
enable the informed selection of antennas for specific video 
surveillance missions.  A variety of off-the-shelf antennas will be 
briefly reviewed. 

Importance of antennas in surveillance 
Wireless video systems are in routine use in counter-drug 
investigations.  The usual application involves a covert camera and 
transmitter, and a secure remote-monitoring site.  Often, the nature of 
the application does not allow for clear, line-of-sight transmission.  
Furthermore, covert installations are often battery operated and power 
conservation is important.  To make a wireless, covert video 
surveillance system effective, each link in the communications chain 
must be optimized within the operational limitations of the installation. 
As an example of system improvement, we will aim to double the 
range of our surveillance link.  Range is a subjective parameter, 
because it is highly dependent upon the level of signal quality 
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considered acceptable.  But, for a constant acceptable signal quality, 
doubling the range is a useful exercise to illustrate the challenges 
involved.  Ideally, in order to double the range of any communications 
system, the signal-to-noise ratio (S/N) must be increased by a factor of 
4 (6 dB).  Either reducing received noise by a factor of 4 or increasing 
transmitter power by a factor of 4 will have the same result.  However, 
in practical deployments, the S/N ratio needs to be increased more 
significantly, with a value of 16 (12 dB) required to double range in 
real-world outdoor applications.1  This figure will therefore be used as 
a target. 
In order to achieve a signal-to-noise ratio improvement, changes can 
be made to the following areas: 

1. Transmitter characteristics (frequency of operation, modulation 
method, RF power output) 

2. Transmitter antenna gain and polarization in the direction of 
the receiver 

3. Receiver-to-Transmitter distance and propagation environment 
4. Receiver antenna gain and polarization in the direction of the 

transmitter 
5. Receiver characteristics (sensitivity, selectivity, demodulation 

method, specialized signal processing) 
Unfortunately, the nature of covert surveillance allows little flexibility 
for changes in many of these areas.  Receiver-to-transmitter distance 
and propagation environment are dictated by the location of the 
surveillance operation, and remaining aware of their contribution is 
valuable in mission planning.   
Transmitter and receiver characteristics are fixed at the time of 
equipment purchase.  Choice of frequency band is important since it 
affects propagation characteristics.  In line-of-sight applications the 
path loss increases proportionally with the square of the frequency2. 
2.4GHz propagation losses will be a factor of 7 (8.5 dB) worse than at 
900 MHz. 
Transmitter power is an expensive place to improve the overall system 
performance.  Besides the additional cost of power amplification 
(which goes up with frequency, as well!), current consumption can 
make this approach prohibitive.  For example, assume the goal is 
doubling the range of a 250 mW, 2.4 GHz transmitter in an outdoor 
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application.  This would require a 12 dB power amplifier, or an RF 
output of about 4 watts.  High-efficiency amplifiers can achieve 50% 
DC-to-RF efficiencies, so a DC power supply of about 8 watts would 
be required for the amplifier.  This would increase current 
consumption by a factor of 16, perhaps making battery operation 
unfeasible. 
Receiver sensitivity is another possibility for range improvement.  
However, most receiver designs already have noise figures (NF) of 
less than 5 dB.  Reducing noise figures further can easily add $1000 or 
more to the cost, and realize a disappointingly small range 
improvement.  State-of-the-art receiver front ends have noise figures 
approaching 1 dB, which would represent a range improvement of 
only 25% over a mediocre 5 dB NF. 
Receiver selectivity is a good place to improve performance.  By 
making the receiver more selective, more noise is excluded, thus 
improving signal-to-noise ratio.  The best improvements will be made 
when the transmitter and receiver are both tightly filtered and matched 
in passband shape.  Good frequency control then begins to be 
important, since frequency drift will exclude the desired signal and 
introduce noise.  However, range improvements via selectivity 
improvements will be incremental, similar to the NF results. 
Specialized processing, such as DSP can also be useful for range 
improvement, but is generally very rare in available video surveillance 
equipment. 
All of this leads (not surprisingly) to examining the possibilities of 
range enhancement through antenna selection.  In addition to 
improving the range of the system, the antennas can contribute to fade-
resistance during motion, which will be explored in more detail.  In 
order to double the real-world range of a system, the sum of the 
antenna gains would have to increase by 12 dB.  In the case of a 
surveillance application, the receiver side is likely the only place that 
would allow a “gain” antenna to be used.  
A change from a simple dipole (gain of 2 dBi)* to a 16-patch flat panel 
array using circular polarization3 (gain of 17 dBic) would have two 

 
* “dBi” means decibels with respect to an isotropic radiator.  “dBic” means decibels 
with respect to an isotropic circularly polarized radiator.  A dipole antenna has a 
maximum gain of 2.15 dBi.   
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benefits.  It would double the range and provide fade-resistance. This 
example assumes that the transmitter antenna is linearly polarized and 
the receiver antenna is circularly polarized, resulting in a 3 dB signal 
strength penalty (i.e. 17 dBic - 2 dBi - 3dB = 12 dB increase).   
Yagi-type antennas or helical-type antennas of similar gain would 
provide the same results, though in a different form factor.  In all 
cases, the chief disadvantage would be a significant increase in 
antenna size. 
In the event that both sides of the link can support a larger, fixed 
antenna, the installation of a 4-patch flat panel array4 at each end of the 
link would have the same result, in addition to reducing problems 
associated with reflections, discussed later.   
The use of a “gain” antenna can also provide rejection of localized 
noise and interference, in addition to the increase in desired received 
signal strength.  This is an important added benefit, which is important 
in dense urban areas.   
In general, the antenna can provide system performance improvements 
at low cost, and at no additional power consumption.   

Small antennas for video transmission 
Typical narrow-band FM voice transmissions, such as those from body 
wires and other audio surveillance equipment occupy only 10 KHz of 
bandwidth (0.006% at 160 MHz).  Video, on the other hand, typically 
occupies 16 MHz of bandwidth (0.6% at 2.4 GHz)5.  Antennas, being 
inherently frequency selective devices, may have bandwidths 
approaching that of the video signal.  This can have a serious negative 
impact on video transmission quality.   
“Electrically small” antennas are defined as antennas with the largest 
dimension being less than about 0.1 wavelengths.  Antennas that are 
resonant, electrically small devices can easily have bandwidths small 
enough to distort a video signal.   
When antennas are designed to be electrically small compared to a 
wavelength of the operating frequency, their bandwidth (both 
impedance bandwidth and gain bandwidth6) decreases with size.  In 
fact there is a fundamental relationship between the bandwidth, 
efficiency and size of an electrically small antenna.7 
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FBW is the fractional bandwidth of the antenna, the bandwidth divided 
by the frequency of operation; r is the radius of the sphere enclosing 
the antenna (meters); f is the frequency of the signal (Hz); c is the 
speed of light in vacuum (3 ´ 108 m/s); and h is the efficiency factor. 
This implies that fractional bandwidth is inversely proportional to 
efficiency, and small increases in antenna size help improve efficiency 
dramatically. 
How small an antenna is theoretically possible?  As an example, 
assume that a dipole antenna has an efficiency of 90%.  What is the 
smallest antenna that will have this efficiency, at 5% fractional 
bandwidth, at 2.4 GHz?  Calculation yields a sphere diameter of 0.44-
in. (11-mm).  Repeating the same calculation at 900 MHz yields a 
sphere diameter of 0.59-in. (15-mm). Antennas of this size are not 
easily produced due to the difficulty of impedance matching between 
antenna and feedline, and the losses associated with real-world 
conductors and dielectrics. 
Frequently, implementation losses (intentional or unintentional) 
increase matching bandwidth at the expense of efficiency.  This 
tradeoff means that improved matching is being gained at the expense 
of generating heat in the antenna.  Sometimes, the losses incurred are a 
worthy tradeoff for the improved matching required for transmitter 
stability or low signal distortion.   
Since matching (usually expressed in the form of SWR) is easy to 
measure, and efficiency is more difficult to measure, many antenna 
“spec” sheets promise excellent matching, with no comment on 
efficiency.  When the gain of an antenna is being used in the 
calculations of link margin for a deployment, be sure to ascertain 
whether the losses are being taken into account.   Measured antenna 
patterns are the most useful for this purpose.  
Electrically small antennas are useful tools, but must be evaluated on 
the basis of bandwidth and true gain, which includes the effect of 
losses8.   
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Multipath Problems 
“Multipath” is the condition where the receiver is processing signals 
arriving via multiple paths.  The fundamental case is where the direct 
signal arrives at the antenna along with a reflected signal, which is 
necessarily delayed in time.  The delay in the reflected signal will 
determine if the two signals will add constructively or destructively.  
Destructive interference is often the cause of severe fading, and is 
what is commonly called “multipath”.  
Multipath exists at all wavelengths, from the slow fading of a distant 
AM radio station at night (the direct signal follows the curvature of the 
earth, the reflected signal bounces off the ionosphere), to the rapid 
flutter of a mobile VHF transmitter (the motion of the vehicle is 
continuously changing the relationship between the direct and 
reflected signals, going from constructive to destructive interference 
rapidly).  The biggest problem from multipath comes from when the 
receiver and transmitter are fixed in location, and they happen to be in 
a “hole” where destructive interference is canceling the signals.  
Usually moving either the transmitter or receiver will alleviate the 
problem.  The distance required to move from a null to an acceptable 
signal can be as small as a quarter wavelength (1.25 inches or 31 mm 
at 2.4 GHz).  This is the basis for diversity reception, where multiple 
antenna locations are available for the receiving system to choose 
from. 
Multipath interference manifests itself as a “notch” in the spectrum of 
the received signal.  This is because the number of wavelengths of the 
direct and reflected signal paths change as a function of frequency.  
When the difference between the direct and reflected paths is an 
integral number of wavelengths, constructive or destructive 
interference takes place. 
The width of the multipath notch, in frequency, depends upon the 
geometry of the reflections.  At DTC, we have observed notches 
ranging from 1 MHz to 10 MHz while performing experiments in the 
2.4 GHz band.  In audio surveillance systems, where the signal 
bandwidth may be about 10 KHz, this would completely obliterate the 
signal.  But, since video is a wideband signal, the multipath notch may 
only affect a portion of it.  At first glance this would imply that video 
is more robust because of it’s wideband nature, similar to a spread 
spectrum signal; however, unlike spread spectrum signals, both NTSC 
and PAL video formats concentrate critical parts of the signal (i.e. 
synchronization and color information) within narrow portions of the 
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total video spectrum.  Frequently, the multipath notch can render the 
video signal useless, even though much of the available transmitted 
energy arrives at the receiver.  The most common manifestation of this 
is loss of the vertical or horizontal sync information. 
In NTSC and PAL video systems, less severe multipath can cause 
“chroma shift” in color transmissions.  This is a change in the colors 
due to phase differences in signals within the wide video transmission 
spectrum.  In surveillance applications, this is much more tolerable 
than in the broadcast industry.  In addition, monochrome systems are 
frequently used in surveillance. 

Multipath Solutions 
There are several potential solutions to the problem of multipath: 
narrow beamwidth antennas, circular polarization, and diversity 
reception.  These will each be examined in the context of a 
surveillance deployment. 

Directional antennas 
The use of narrow-beamwidth antennas is helpful in combating 
multipath interference. It has been shown, however, that the use of 
directional antennas in a mobile surveillance application does not 
necessarily provide the advantages one would expect from free-space 
assumptions9.  Directional antennas on the fixed side of the link are 
useful for reducing multipath effects, but only if the fixed antenna is 
relatively free from nearby obstructions (scatterers).  Directional 
antennas on a mobile transmitter are usually not advisable. It may be 
impossible to point the antenna toward the receiver site, and a line-of-
sight path may not exist. Reflections off of nearby objects may be the 
only way to get the signal to the other side of the link. 
Since multipath depends upon receiving signals from multiple sources 
(reflections), use of a narrow-beamwidth antenna can help eliminate 
off-axis signals.  This technique was used by DTC Communications in 
solving a wireless video signal problem at the Savannah River Nuclear 
facility.  A large crane handling high-level nuclear waste was equipped 
with two Dynapix video systems.  The video system was used for 
looking into highly radioactive areas within a large metal structure.  
Over a six-inch travel of the crane, video information was being lost 
due to multipath interference.  The 4-patch circularly polarized 
antenna array (ANT-11R) had a beamwidth of about 45 degrees.  We 
replaced these antennas with 16-patch arrays (ANT-17) that have a 
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beamwidth of about 22 degrees.  The problem was solved.  Note that 
there were two elements in the solution to this problem: circular 
polarization and narrow-beam antennas.  
Circular polarization 
Circular polarization (CP) is a very useful tool in combating multipath 
interference.  All antennas have a polarization associated with them: 
they are either linear or elliptical.  Circular polarization is a special 
case of elliptical polarization.  Linear polarization is the most familiar, 
and is most easily visualized as that generated by a whip antenna on a 
car roof.  This is an example of vertical polarization.  If we rotated that 
antenna (and the car!) ninety degrees, so the antenna is parallel with 
the ground, that would yield horizontal polarization.  If we were to 
now spin the car at the same frequency as the transmitted signal, such 
that both vertical and horizontal polarization are present, this would 
yield circular polarization.  Fortunately, there are easier ways to 
generate CP.  Various helical antennas, crossed Yagi antennas, and 
patch antennas are all capable of generating CP, when properly 
designed.  CP antennas come in two senses: right-hand (RHCP) and 
left-hand (LHCP).  Unless there is a compelling reason to use LHCP, 
RHCP is the usual standard. 

A CP antenna has several advantages over a linear antenna.   
First, a CP antenna can receive randomly oriented linear polarization 
without fading due to polarization mismatch (i.e. vertical to 
horizontal).10  There is a 3-dB penalty in receiving an LP signal with a 
CP antenna, but this avoids cross-polarization fades of 30 dB or more.   
Secondly, a CP antenna receiving a CP signal will reject the odd-
numbered reflections of that signal, thus mitigating multipath 
interference. A CP signal reverses its sense of polarization (i.e. right-
hand versus left-hand) at a reflection. The first reflection is the 
strongest since each reflection is attenuated to some degree.  Thus, an 
RHCP signal will turn into an LHCP signal after a reflection and be 
rejected by the RHCP receiver antenna.  Of course, in the real world, 
especially in an urban environment, the reflections are seldom off 
perfect conductors, and are seldom singular.  Statistically, however, 
use of CP makes a significant contribution to multipath rejection. 
In a covert video surveillance deployment, therefore, the transmitter 
should use a CP antenna wherever possible.  Even if a linear antenna is 
required at the transmitter (CP antennas are invariably larger), a CP 
antenna at the receiver will reduce cross-polarization fades. 
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Diversity reception 
Another major tool for video surveillance is the use of diversity 
reception.  Generally, diversity reception is receiving one signal 
multiple ways, and choosing the best one moment by moment.  There 
are many different types of diversity11, but those that apply to video 
surveillance are spatial diversity, frequency diversity, and polarization 
diversity. 
Frequency diversity is difficult to apply when the transmitter is a 
covert unit, and is required to be small and low power.  Two 
transmitters are required, each on a different frequency transmitting 
the same intelligence simultaneously.  Thus, the power consumption is 
doubled on the transmitter side of the link.  Simultaneous reception on 
two frequencies and means to evaluate the quality of the two signals 
are required on the receive side of the link.  The difference in 
frequencies causes a difference in effective path lengths of the direct 
and reflected components of the signal.  The probability that one of the 
two transmitted signals is not undergoing a multipath fade is improved 
with frequency spacing.   
Spatial diversity is usually applied on the receive side of the link.  It 
involves having multiple antennas each spaced from the other by at 
least several wavelengths.  There is a high probability that if one 
antenna is experiencing a severe fade, another antenna is not.  This 
approach requires a specialized receiving system, which can evaluate 
which antenna has the best signal and switch to it.12 The probability of 
having a good signal goes up with the number of antenna sites 
available, but there is a point of diminishing returns much above five 
sites.13 
Polarization diversity uses multiple antennas of different polarization 
(RHCP, LHCP, LP-horizontal, LP-vertical, etc.) and the means to 
evaluate which is receiving the best signal. One distinct advantage of 
polarization diversity is that the reflected signal can be used in 
situations where it is stronger than the direct signal due to blockage, 
especially when the transmitter is CP and the receiver has choices of 
both RHCP and LHCP.   
When a diversity receiver system is equipped with at least two RHCP 
and two LHCP antennas, both spatial diversity and polarization 
diversity is possible. 
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Moving targets have an advantage 
One advantage of mobile transmitters and receivers in dense urban 
environments is that the effects of multipath and blockage can be 
averaged.  In other words, there are specific locations for the 
transmitter and receiver where the path loss is very high (“holes”).  
The motion of the transmitter and/or receiver can moderate the effect 
of these holes, especially when using diversity reception. 

Antennas for covert, mobile video transmitters 
A covert surveillance transmitter may be in a random orientation with 
respect to the receiver.  This is especially true if the transmitter is 
being received from an aircraft.  In these cases, it is not feasible to use 
a directional antenna at the transmitter.  For these applications, the 
ideal antenna for a mobile surveillance transmitter would be near-
isotropic (radiates in all azimuth and elevation equally) and circularly 
polarized.  Unfortunately, this is a very difficult antenna to realize 
physically, and even more so when size is considered.   
A more practical solution would be an antenna with a hemispherical, 
circularly polarized pattern.  An example would be a quadrifilar helical 
antenna14 15, which is also frequently used in GPS reception. 
It is more common in covert applications to use simple, linearly 
polarized antennas such as the lowly dipole.  As will be shown, the 
lack of circular polarization can be compensated by an increase in the 
directivity of the receive antenna.  Further, the nulls in the pattern of 
the ideal dipole are often “filled in” by reflections from objects near 
the antenna.  
The Discpole is a good example of a practical, small, wireless video 
antenna that solved a problem. 

The Discpole: a shortened antenna for 2.4 GHz 
Recently, DTC was contracted to design a complete wireless video 
system for a client application.  The unique receiver system consisted 
of ten five-way diversity receivers, on ten close-spaced channels in the 
2.4-2.5 GHz band.  The receiver antennas were five omnidirectional 
CP antennas (ANT-4).  The transmitters and associated antennas were 
limited in size, and a new antenna design was required to meet the 
physical specifications.  The result was a disc-loaded, elevated-feed 
monopole: the Discpole. 
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The Discpole provides excellent omnidirectional LP performance.  It is 
mounted directly on the transmitter chassis in a rugged 1-in. cube of 
Delrinä.  The transmitter chassis is used as a groundplane in this 
design. 
This is a good example of a reduced-size antenna optimized for a 
specific video application in a cluttered environment.  By reducing the 
size enough to meet the physical requirements, and no more, excellent 
wideband video performance was achieved while retaining relative 
insensitivity to detuning from nearby objects. 

 
Figure 2 – The Discpole is a small antenna for 2.4 GHz 

Antennas used in experiments 
A brief technical description of each antenna used in the experiments 
follows.  Table 1 summarizes their gain and polarization 
characteristics. 
The Dipole (ANT-2) antenna is a sleeve-type dipole with a male TNC 
connector.  It does not require a groundplane.   
The 4-element LP array (ANT-11LP) is etched on a low-loss 
Teflon/fiberglass substrate.  The four patch antennas are vertically 
polarized (with the “logo” readable), equally fed in-phase, and spaced 
for maximum forward gain at 2.4 GHz.  It has a male TNC connector 
on a short length of coax.  
The omnidirectional CP antenna (ANT-4) is a terminated bifilar 
normal-mode helical antenna.  It has a male N-type connector, and is 
designed to be mounted on a transmitter. 
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The Hybrid Patch antenna (ANT-5P) is a single air-dielectric patch, 
fed on two axes with a quadrature hybrid to produce wideband circular 
polarization. 
The Wideband Array (ANT-10) is a unique array of four planar log-
spiral slot antennas, absorber backed, and equally fed in-phase.  The 
array operates from 1 to 4 GHz.  Both RHCP and LHCP are available. 

 

Antenna Gain16 Polarization 

Dipole (ANT-2) 2 dBi, 
omnidirectional in 
azimuth, approx. 120° 
vertical beamwidth 

Linear, vertical 

4-element LP array 
(ANT-11LP) 

11 dBic, approx. 44° 
beamwidth 

Linear, vertical 

Omnidirectional-CP 
(ANT-4) 

4 dBic, 
omnidirectional in 
azimuth, approx. 30° 
vertical beamwidth 

RHCP 

Hybrid Patch (ANT-
5P) 

5 dBic, approx. 120° 
beamwidth17 

RHCP 

Wideband 4-element 
array (ANT-10) 

10 dBic, approx. 44° 
beamwidth 

RHCP 

Table 1 
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Figure 1 – Clockwise from bottom left: Hybrid Patch (ANT-5P), Discpole, 

Wideband 4-element RHCP array (ANT-10), Dipole (ANT-2), 
Omnidirectional RHCP (ANT-4), 4-element LP array (ANT-11LP).  The 

reference length is 12 inches (305 mm). 

Experiments: video transmission in cluttered 
environments 

We performed a series of experiments to illustrate techniques to 
improve video transmission in surveillance applications.   
A video transmitter operating in the 2 GHz band was used, with an RF 
output power of 250 mW.  A 20 dB attenuator was used to reduce the 
power output to 2.5 mW.  Various antennas were used on the mobile 
transmitter side, while the receiver used a wideband, 4-element, right-
hand circularly polarized (RHCP) array (ANT-10).18  This antenna is 
the standard antenna supplied with DTC video surveillance kits.19 
Two environments were explored: outdoors and indoors.  The outdoor 
environment was just outside the DTC building, and was typical of an 
urban surveillance application.  It was line-of-sight for 75% of the 
124-foot course, and the remainder was behind foliage and the edge of 
the building.  The 68-foot indoor course within our laboratory was 
always line-of-sight, but was heavily cluttered with large metal 
surfaces.  Both cases provide ample multipath to illustrate the effects 
of antenna choices. 
A real, live engineer pushed the cart containing the camera, transmitter 
and antenna.  His body never blocked the antenna, although he did 
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provide some RF absorption to the rear.  The configuration was 
consistent from run to run, although his rate of walking was seen to 
increase throughout the tests.  This discovery in the area of human 
factors is beyond the scope of this paper. 

 
Figure 3 – Equipment used in experiments, the receiving equipment is 

in the background, transmitting equipment in the foreground. 

 
Figure 4 – The diversity receiver, strip chart recorder and monitor. 
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Figure 5 – S/N ratio vs. time, 68-foot indoor course, 2.5 mW, TX moving 

from far to near. 

Figure 5 shows the results of the indoor experiments.  The four 
antennas tested represent directional and omnidirectional, linear and 
circular polarization.  The most striking characteristic evident when 
comparing the results is the high-rate “flutter” in signal quality that is 
present in both omnidirectional antennas, which is absent in the 
directional antennas.  This is due to the elimination of energy radiated 
in directions other than toward the receiver.  This signal energy can 
only arrive as multipath interference at the receiver, degrading signal 
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quality.  As the transmitter moves along the path toward the receiver, 
many multipath fades are encountered, some manifested as severe 
dropouts.  In contrast, the signals from the directional antennas are 
much more consistent, and provide overall superior quality of signal. 
In comparing the circularly polarized to the linearly polarized 
antennas, a definite improvement is seen using CP with the directional 
antennas.  The improvement is less obvious in the case of the 
omnidirectional antennas, although the number of severe dropouts is 
minimized.  In the case of the directional antennas, the Hybrid Patch 
antenna provides the superior signal, and the best of all antennas tested 
indoors. 
Figure 6 shows the results of our outdoor experiments.  There is a 
significant difference between the outdoor and indoor performance of 
the omnidirectional antennas.  It is most evident in comparing the data 
from the omnidirectional RHCP antenna indoors to that from outdoors.  
The high-rate flutter is largely absent due to the reduction of reflecting 
surfaces in the immediate environment.  This allows the energy 
radiated from the omnidirectional antennas to travel a much farther 
distance before it is reflected. This significantly reduces the probability 
that that energy will cause multipath interference. 
The improvement due to the use of CP in omnidirectional antennas is 
more evident in the outdoor tests than it is in the indoor.  In general, 
omnidirectional antennas work far better outdoors than indoors. 
The improvement due to the use of directional antennas is also 
dramatic outdoors.  A large dropout about halfway through the outdoor 
course is significantly reduced through the use of directional antennas, 
and nearly eliminated with the additional use of CP.  The last antennas 
tested in this series, the 4-element RHCP array, had the highest 
directionality and predictably delivered the best performance.  This is 
the antenna used on the receiver throughout the tests. 
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Figure 6 – S/N ratio vs. time, 124-foot outdoor course, 2.5 mW, TX 

moving from far to near. 
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Figure 7 – Transmitter power comparisons, 68-ft. indoor course, TX 
moving from far to near 

Figure 7 compares the use of two transmitter powers differing by a 
factor of 100 (20 dB). 
When using the dipole antenna, the use of high transmitter power 
provided a clear improvement.  The high-rate flutter and dropouts are 
still present, however. 
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Changing to a directional CP antenna nearly eliminates any advantages 
from using 100 times more power.  This is a good illustration of the 
value of proper antenna selection. 

 
Figure 8 – Antenna diversity example, 4-element RHCP receive 

antennas, 18-inch separation 

The advantages of diversity reception are explored in Figure 8.  The 
pairs of strip-chart recordings represent simultaneous signal-to-noise 
measurements on two identical receivers, with their antennas spaced 
18 inches laterally from each other. 
The arrowheads denote signal dropouts that were present in one 
receiver, and absent in the other.  This shows how spatial diversity 
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reception can improve system performance, when the additional cost 
and complexity of the receiving equipment is acceptable.   
While this is an example of two-way diversity, the receiver we used 
for our tests is actually capable of five-way diversity.  The receiver 
and five antennas are visible in figures 3 and 4. 

Conclusion 
The chief problem in the deployment of wireless video surveillance 
systems is multipath interference.  Proper antenna selection for both 
receivers and transmitters can mean the difference in mission success. 
Indoor environments benefit the most from directional antennas due 
the extreme level of multipath interference.  Directional antennas tend 
to remove “high-rate flutter” when used on moving transmitters. 
Outdoor environments benefit the most from circular polarization, 
although the increased size of CP antennas must be considered.  CP 
antennas eliminate the odd-order reflections, and help remove the 
“dropouts” associated with multipath. 
Increasing transmitter power is rarely worth the cost in both dollars 
and current drain in battery operated deployments.  Transmitter power 
must typically be increased by a factor of 16 (12 dB) to double the 
real-world range. 
When space and budget permit, use of spatial diversity can significant 
improve system performance. 
Therefore, in wireless video surveillance applications, the relative 
order of importance of antenna characteristics are: 

1. Directionality/gain 
2. Circular polarization 

3. Spatial diversity 
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