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OEM Boards

We offer 7 OEM boards to cover the entire spectrum of precision applications and budgets. Each board is based on our TRIUMPH
Technology implemented in our TRIUMPH Chip. For the first time in the GNSS history we offer up to 100 Hz RTK.

Each board includes the true Galileo option. We offer a FREE Galileo option for one year.

The on-board power supply on every OEM board accepts any voltage from +4.5 to +40 volts and delivers clean filtered voltage
where needed. This eliminates the risk of power contamination (ripples) that can be created when clean power is generated
elsewhere and delivered to the board via cables.

The CAN interfaces in each board are complete with all associated hardware and firmware, not just the CAN bus. The same is
true with all the serial RS232/RS422 ports in our boards.

Each board also comes with large amount of flash for data storage. Each board also includes drivers for four LEDs, ON/OFF and
function button controllers. Simply stated, additional functions are not need to incorporate any of our OEM boards.

In addition to timing strobes and event markers, each OEM boards also include the option of complete IRIG timing system.

We have been able to achieve tremendous advances in technology while reducing costs substantially. In the table below, we
have summarized our features to allow you make a comparison. Simple features like 1-PPS and serial ports are not included in
the table below but are present in all of our boards. In the table below, G2 means GPS+Galileo, G3 means
GPS+Galileo+GLONASS, and the trailing T means triple frequency.

Features/Boards TR-G2 TR-G3 | TR-G2T | TR-G3T | TRE-G2T | TRE-G3T | TRE-G3TAJ
GPS L1 16 16 16 16 16 16 16
GPS L2/L2C -- -- 16 16 16 16 16
GPS L5 -- -- 16 16 16 16 16
Galileo E1 16 16 16 16 16 16 16
Galileo E5A -- -- 16 16 16 16 16
GLONASS L1 -- 16 -- 16 -- 16 16
GLONASS L2 -- -- -- 16 -- 16 16
SBAS 4 4 4 4 4 4 4
IBIR -- -- -- -- -- -- Yes
Fast acquisition channels | 110K 110K 110K 110K 110K 110K 110K
Ethernet - - - - Yes Yes Yes
Complete CAN Yes Yes Yes Yes Yes Yes Yes
Button/LED support Yes Yes Yes Yes Yes Yes Yes
IRIG timing system Yes Yes Yes Yes Yes Yes Yes
On-board Flash (MB) 128 128 128 256 4,000 4,000 4,000
4.5-t0-40V Power supply Yes Yes Yes Yes Yes Yes Yes
Hardware Viterbi Yes Yes Yes Yes Yes Yes Yes
Size (mm) 40x55 57x66 57x66 57x88 100x80 100x80 100x80

Quattro-G3D is a 100x160 mm Euro-card board that accepts inputs from up to four antennas. It is equivalent of four receivers
which operate synchronously with a common oscillator and central processor to coordinate all communications and other
activities. One of the receivers (the main) tracks 14 each of GPS L1/L2, GLONASS L1/L2 and Galileo Ex. This receiver can perform
long baseline RTK in conjunction with a base. The other three receivers each track 14 each of GPS L1/L2, and Galileo E1 and along
with the main one can provide attitude (orientation) solutions.

Dual frequency GPS alone can provide very fast and reliable orientation solutions due to very short antenna separations (about
one meter) and the fact that typical applications are in open fields. The main GPS+GLONASS L1/L2 unit can help in providing
long baseline RTK solution.

Duo-G2D is a 100x80 mm half Euro-card board that accepts inputs from up to two antennas. It is equivalent of two receivers
which operate synchronously with a common oscillator and central processor to coordinate all communications and other
activities, and is ideal for heading applications. Each of the two receivers track 14 each of GPS L1, GPS L2, and Galileo E1.

100 Hz RTK, Duo, Quattro
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In early proposals, thought was given to applying a
user-fee to each piece of GPS equipment. Later, it
was decided that the cost of collecting user fees
would be more than the actual money collected.
Even today | am eager to see the calculations for
this conclusion! With hindsight, we see today that
the number of users are in the hundreds of millions
and the companies from which to collect the user-
fees number less than 100.

Don't worry, it is too late to change the user-fee
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This month we will examine a potential problem with GPS + GLONASS receivers.

The fundamental task of a GNSS receiver is to measure distances to several GNSS
satellites and compute receiver coordinates. Distances are measured to satellites by
measuring the travel time of signals from the satellites to the heart of the receiver
electronics where the received signals are processed. Data used from a base receiver (at
a known point) removes common errors in the rover and yields accurate results.

The signal path from each satellite to the receiver electronics consists of two parts: 1) the
direct path in space from the satellite to the receiver antenna, and 2) from the receiver
antenna to the receiver electronics. The first path is unique to each satellite. The second
path is common for all satellites, and is where the signal travels through antenna
electronics, antenna cable, and to the receiver analog and digital sections. We call the
signal travel time through the second path “the receiver bias.”

As long as the receiver bias is the same for all satellites, it acts as a component of the
receiver clock offset which we solve as the fourth unknown (along with x, v, z). In other
words, if the receiver bias is the same for all satellites it does not impact position
computations.
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The assumption that the receiver biases are the same for all satellites is true for GPS but not for
GLONASS. The reason is that the receiver bias depends on the satellite signal frequency. All GPS
satellites transmit on the same frequency so they all create the same receiver bias. GLONASS
satellites transmit on different frequencies so each GLONASS satellite generates a different
receiver bias. In technical terminology GLONASS satellites cause inter-channel biases which, if
not taken into account, can significantly degrade position accuracy.

The good news is that all common errors between the base and the rover receivers are
cancelled. Therefore, if the magnitudes of the GLONASS inter-channel biases in the base
receiver and in the rover receiver are the same, these biases will be cancelled and they will not
degrade the position accuracy. In such cases GLONASS satellites act as good as GPS satellites.
But this rarely happens.

The bad news is that the magnitudes of the inter-channel biases depend not only on the receiver
design and its electronic components but also on temperature and slight variations in the
electronic components. Even in the best case where the base and the rover receivers are from
the same manufacturer and have identical design, components, and manufacturing dates, there
is still the issue of temperature and minute component differences.

The magnitude of the GLONASS inter-channel biases can prohibit the use of GLONASS satellites
for precision applications.
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Your receiver may give you GPS-
only solutions while you paid for
GLONASS too. And you may
never find out.




When the objective is to achieve centimeter and sub-centimeter accuracy, dealing with
GLONASS inter-channel biases is not an easy task. This may be the reason why, until recently,
most manufacturers had avoided GLONASS for so many years.

Currently, some manufacturers simply ignore the GLONASS inter-channel biases and assume
that customers use identical receivers as base and rover. In the early years we did the same and
since we were the only GPS + GLONASS manufacturer, all receivers had similar inter-channel
biases. When the inter-channel biases were noticeable we used GPS + GLONASS to resolve
ambiguities (fix the integers) and then ignored GLONASS measurements or significantly de-
weighted them. Even in such cases we found significant improvement over the GPS-only usage.

With some receivers, when the inter-channel biases between the base and the rover become
intolerable, the receiver firmware ignores the GLONASS satellites and provides solutions based
on GPS satellites only! Dealing with the problem in this manner does not allow the customer to
know why his GPS+GLONASS receiver does not show any improvement over GPS-only receivers.
Such receivers are still in use. When the receiver firmware cannot isolate the GLONASS satellites
with high inter-channel biases it provides inaccurate results. This is a serious problem which
causes the user to accept faulty results as the truth.

Some manufacturers try to measure the GLONASS inter-channel biases in a sample of pre-
production receivers and hardcode these biases into the firmware. This is a positive step
forward but by no means can cure the problem because there are still differences between
electronic components and their characteristic vary by temperature and time.
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Even worse, it may give you
incorrect results and you may find
dafter the damage is done. Or
never find out.

We calibrate all GLONASS inter-channel biases in every receiver continuously and in

real-time with an accuracy of +0.1 millimeter. We have designed and implemented
special patent-pending hardware inside the TRIUMPH chip to achieve this. This real-time

calibration is done in the background without any impact on the normal use of the

receiver.

The bottom line is that we have made GLONASS as good as GPS and offer you a lot more
satellites to do your job faster and more accurately, even in adverse conditions. Our
TRIUMPH receiver has 216 channels to track all GPS, GLONASS, and Galileo signals and
to cover your needs now and well into the future.

Is your GLONASS as good as GPS? Ask the manufacturer of your receiver how this is
handled. It might impact past or future observations. And as you know, many times past
observations (e.g. construction) cannot be re-made. GLONASS and GPS, with tens of
billions of dollars of investment, is up there for free. Used in combination wisely, they

can provide a real advantage and improve your bottom line.
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With o.1 millimeter automatic,
real-time self calibration, now we
offer you 44 (more later) GPS-like

satellites instead of 30.




