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Overview:

This whitepaper is intended to help the users of our RF wireless products to better understand radio
signal behavior in an indoor environment and how to optimize performance. It also serves to
differentiate the features of our products with that of our competition.

By way of definition, we’ll walk through some basic radio concepts and then explain why Fleetwood
Group products have been designed to offer superior performance. Non-technical (sort of) examples
should help to explain.

Definitions:
Frequency: Radio signals oscillate at a given frequency so that the transmitters and receivers can talk to
each other. Any repeating behavior has a frequency.

An example is the turn signal in your car. It has a typical flash rate or
frequency of 90 cycles / minute. A radio signal oscillates many millions
of times per second.

Many of our products operate at a frequency of 2.4GHz which is 2,400 million times per second. We use
this frequency because it has been reserved as a license free radio band in the United States and in
many countries around the world, and allows the use of miniaturized antennas and packaging for easy
shipping and use. This ISM (Industrial, Scientific, and Medical) band in the US is allowed to have a
frequency between 2.400 and 2.4835GHz. A basic radio transmission is composed of a repeating sine
wave as shown in Figure 1.

Figure 1: Basic Sine Wave
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Wavelength: This is a number that represents that distance at which a wave’s shape repeats. A 2.4GHz
transmission has an approximate wavelength of 4.9inches or 12.4cm. A higher frequency results in a
shorter wavelength.

Let’s describe the physical properties of a yo-yo in motion. The rate at
which it repeats the up-and-down cycle is frequency. The distance it
travels from top to bottom is amplitude or power. Picture a person

moving the yo-yo as they walk across the room. The physical distance
the person walks from when the yo-yo started at the top and when it

returns to the top would be wavelength.

= J

Power (Signal Strength): The power or amplitude of a transmitted signal determines how far it will go
and how easy it will be to receive.

An example of power in this sense would be how hard you throw a ball.
The harder you throw it the farther it will go and the more likely it can
be caught at a distance.

Power is often expressed in Watts or milliWatts (one one-thousandths of a Watt) or in decibels (dB). For
example, we have 2.4GHz products in our portfolio that operate at nominal power of 0dBm or 1mW.
And also amplified products that transmit in the power range of 5 to over 20dBm (100mW). Every 6dB
of power increase has the potential to double the range. All receivers have a minimum power level that
they can receive which is referred to as receive sensitivity. Figure 2 shows a higher power signal in blue

and a lower power signal in red.

Figure 2: High and Low Power Sine Waves

Noise floor: The background level of RF present in the usage environment. A room’s environment will
often have a noise floor that is higher than the sensitivity of the receiver, which can limit the range. The
noise floor is caused by interference from other transmitters and radio interference noise sources. As
an example in Figure 2, if the red signal was an undesired signal, it would limit the ability of the receiver
from receiving the blue signal as its power level falls below the red signal.
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Propagation Path: A signal is ideally radiated (sent) from an antenna in all directions with equal power
level. This is referred to as omni-directional. There are times when a directional antenna is preferred to
specifically direct a higher power signal to a certain area within a room. Once the signal is launched
from the antenna, the best and highest power path for it to travel is in a direct Line-of-Sight (LOS)
straight line between the transmitter and receiver. The transmitted signal will have a power that
decreases with distance. Obstructions or reflections will further attenuate (reduce) the signal as it
traveles from the transmitter to the receiver, for example. While some signals will pass through an
object, they will also reflect off of walls and obstructions and further scatter around a room.

Reflections: A user holding the device at a distance from the receiver will actually be receiving the sum
of the direct path signal (if available) and any reflected signals as shown in Figure 3. Signal #1 is
strongest, but the base or receiver will also see the reduced strength (and slightly delayed) reflections of
signals #2 and #3.

Figure 3: Signal Reflection

Multipath: The effect that results from the multiple signal paths that occur in an indoor environment
(complex) is termed multipath fading. The result is that two or more signals can cancel each other out
at a given point or points in a room. At higher frequencies these “nulls” are physically small and may
only be several inches wide. The effect on the signals is shown in Figure 4 where the green signal is the
sum of the first blue signal added to the second red signal. On the left set of graphs, the signals are
perfectly out of phase and equal in amplitude and it results in no signal at all at the receiver at that
physical place in the room. A perfect cancellation is unlikely, and the right graph right shows an example
of a more realistic cancellation. The green signal is now seen as weaker and may be harder to receive.

A real life example of this phenomenon is the intentional way that
signals are added together in active noise cancelling headphones. They
are intended to produce the effect shown on the left where unwanted

audio noise is cancelled before it gets to the ear.
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Figure 4: Adding the Blue and Red Signals Results in Cancellation (Green)

Nulls: This is the term for those physical areas in a room where the signal diminishes to a very weak
level due to cancellation. Figure 5 shows the same simplified propagation example, except that the
primary LOS signal is blocked by an obstruction. Signals #2 and #3 are both weakened (due to bouncing
off the wall), but both arrive at the red X and cancel each other out to some degree.
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Figure 5: Pictorial Example of Nulls

If a user were to walk along the path that fades from green to yellow, the signal strength gradually gets
weaker the further they walk from the base or receiver. The large red X in Figure 5 represents the null
where the two signals collide and cancel each other out. Figure 6 depicts the signal strength as they
walk into that null or “RF hole” and then move beyond it. The section on frequency diversity later in this
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paper describes how a frequency hopping system has the ability to deal with this problem effectively.
Keep in mind that at 2.4GHz, very minor changes (inches or a few centimeters) in a room layout and
even how a device is held can change the propagation paths. Even as people move around the room,
the nulls may move as well. Note that a fixed frequency product requires the user to move the keypad
out of the null or to wait for the room environment to change enough to make a difference.
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Figure 6: Pictorial View of Signal Strength in a Null

Spread Spectrum: This is a method of transmission that spreads the signal out over many frequencies.
It has the advantage that regulations allow higher power levels because the signal is spread out and
won’t interfere with other transmissions as much as a fixed frequency high power signal. It also offers
improved reliability and security when used properly. There are two common spread spectrum
approaches approved by the FCC and other certifications bodies.

9 Direct Sequence Spread Spectrum (DSSS) is a method that multiplies the intended transmission
contents (the data packet that contains the payload or information that is needed at the other
end) by a noise component to spread the signal across a much wider band of frequencies. DSSS
systems are usually wideband (meaning they cover a lot of channels). WiFi (802.11b/g/n) is an
example of this approach and one transmitter uses from 22 to 40MHz of the available 83.5MHz
available in the US. Wideband DSSS systems generally handle interference from narrowband or
short transmissions, but because they do not hop around, their performance can diminish
quickly in the presence of other wideband signals. One big disadvantage of these systems is
they take a lot of bandwidth, which means they use a wide range of frequencies all at once
(802.11b/g devices can only accommodate 3 co-located WiFi hubs, 802.11n can only
accommodate two.).

Let’s use snowshoes for this example. Just as much force is pushing
down on the snow packed ground, but it is now distributed across a
wider area. The wearer doesn’t sink, but their weight has not changed.
It is just spread out more.
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Frequency Hopping Spread Spectrum (FHSS) is a method that uses a quick narrow transmission
on a given frequency before it hops to another frequency for the next sequence. FHSS systems
must spread their power signal over at least 15 channels and are known to be nimble,
interference resistant, and inherently secure because they are hard to track. Many of our
products use this method.

Sticking with the winter theme, picture a snow ball fight where your
target keeps ducking out of the way every time you throw. Once in a
while you hit him, but for the most part he keeps popping up in a
different location and you can’t stop him.

Security: The data that is being transmitted is often cryptic and would only mean something to

someone who understands the inner workings of the system. Fleetwood Group takes that data and uses

various encryption techniques at critical points in the signal chain to mask the data and confuse anyone

that might have the right gear to intercept it. Since our products also frequency hop, the transmissions

are very hard to capture and interpret. All of this serves to protect the confidentiality of the vote data

and to prevent anyone from injecting unwanted and inaccurate packets of data in their place.

Diversity: For radio systems, diversity refers to the ability to simultaneously or sequentially process

multiple paths of incoming signals in order to achieve better room coverage in complex environments.

Fleetwood Group has used the following diversity schemes to improve reception in challenging

environments:

T

SpatialAntenna Diversity Multiple antennas are used with physical separation. Some of our
Fleetwood Electronics systems used this method. In our case, that meant that the base station
used two independent receivers to help receive the critical and often lower power device
transmissions. As radio frequencies increase, the required physical separation of redundant
receivers or antennas will decrease. At 2.4GHz, a practical rule of thumb indicates that they
would need to be at least 2 or more times the wavelength which is just under 5inches (12.4cm).

Temporal Timé€ Diversity- Transmissions are repeated on planned intervals or as needed to
avoid collisions. Our audience response products always have and continue to rely on this

mechanism to increase the robustness of the communications link. A signal doesn’t get lost just
because the base station didn’t hear it. The devices continue to retry the transmission in order
to assure the signal gets through.

Frequency DiversityFrequency Hopping has the tremendous advantage of forcing the nulls and

various multipath distortion effects to move around the room. As the frequency hops, the
wavelengths change and the reflections and cancellations occur in different physical locations.
What this means for a device user is that while their signal may not have gotten through just as
they pressed the button, it will automatically get through the next time because it is now being
transmitted on a different frequency. Many of our products also include a timestamp so that
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even if the transmission is delayed, the software can still determine who pressed the button
first.

While frequency hopping provides many advantages, diversity and
interference avoidance are probably the biggest features that help
ensure solid communications — even in the presence of interference and
complex propagation paths.

Figure 7 below illustrates how the null on the path down the green/yellow line actually would
occur in different areas in the room. These are represented by the smaller red X’s on the top
diagram. The original null that is depicted at 2.450 GHz would actually occur in other areas at
different frequencies. Again — fixed frequency systems cannot take advantage of this.

Receiver

Signal Strength

4

Distance

ZHDOSV>

ZHOSTY
V

ZHDSLV;IZ>

Figure 7: Pictorial View of Moving Nulls with Frequency
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Summary:
Hopefully this whitepaper has helped you understand more about radio technology and how it applies

to our RF wireless products. Of course, we feel that our products take full advantage of the various

methods that can improve performance, reliability, and security. As an engineering team, we would be

happy to answer any questions as you evaluate or use our products. To wrap it up, here is a list of key

differentiators that we believe sets Fleetwood Group apart:

T
1

Fast protocols that enable us to collect hundreds of independent signals very quickly

Software development kits that enable easy integration with your software and many fine off-
the-shelf software packages that integrate with PowerPoint or as a stand-alone suite to suit your
needs.

Static (preset device addresses) and Dynamic (assigned on the fly by each base station)
addressing modes to support just about any event type.

Robust protocol that always retries failed transmissions to make sure they get through.

Frequency Hopping Transmitters (and intelligent receivers to hop with them) to avoid
interference and reduce the effects of multipath propagation problems.

Amplified transmitters in many of the products to give even further range.
Secure protocols with encryption to avoid interception and devious insertion of invalid data.

Products are designed and assembled in the United States. Much of the process is automated
to compete with lower cost manufacturers around the world.

Patents — Fleetwood Group has been in the wireless audience response business for over 20
years. We started it and have continued to evolve the technology to be on the leading edge
with each new product introduction. We have 12 US and foreign patents and more than a
dozen pending applications.

With our combined 50 plus years of electronics experience, we know RF! We offer fully integrated
solutions for RF communications, such as modular and non-modular design of RF power amps, low

noise amplifiers, embedded antenna design, and digital interface between high bandwidth

microprocessors and RF Transceivers. We use our in house RF test site, shielded chambers,

diagnostic equipment such as Spectrum Analyzers, Network Analyzer, Oscilloscopes, and simulation

software to provide efficient robust designs. Our experience and tools offer an advantage to you as

a customer.

We know your investment comes with expectations and we work hard to meet them!

Fleetwood Group Inc, Copyright 2009 Based on Document #TB0809.400
Page 8 of 8 www.fleetwood-electronics.com



