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Project GoalProject Goal
The goal of this project is to develop a method
for integrating DGPS and LORAN-C data to
provide a highly accurate, repeatable fix.

Senior Design Project in Electrical
and Computer Engineering

Project BackgroundProject Background
The Differential Global Positioning System
(DGPS) and LORAN-C are two electronic
navigation systems widely used by mariners.
DGPS is known for its high absolute accuracy,
while LORAN is especially valued for its
repeatable accuracy.  Each system has strengths
that can be increased and weaknesses that can
be reduced by combining the two together. This
also provides added security if one system fails.

Project StatusProject Status
The project is in its final phase of development.  The
integrated receiver computes the fix by means of a
Kalman filter. This computer algorithm optimally
estimates system states, including position and
velocity, using both LORAN and DGPS information.
Residuals, the differences between observed and
predicted quantities, are transmitted from the two
receivers in a compact data structure. The Kalman
filter is implemented in C++, whose object-oriented
data structures allow for a simple interface between
system components.                       

Figure 1 shows the block diagram illustrating how
hardware subsystems interact with each other.
Figure 2 shows the software portion of the project,
including the Kalman filter.
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• Highly stable frequency reference
common to LORAN and DGPS

• DGPS receiver provides sampling
strobe to LORAN receiver, which
measures the offset and sends
this value to the Kalman Filter.

• LORAN TOA receiver has true
multichain capability

• DGPS corrections applied before
reaching Kalman Filter
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DGPS Data  Structure

 GPS Data (per fix)
• GPS time of measurement
• DGPS location  (for

comparison only)
• Number of SVs used
• DGPS  flag  (applied or

not)
• DGPS AP

 GPS Satellite Data (per SV
per fix)

• SV number
• Range residual
• Range rate residual
• Error Std. Dev. (Sigma)

(1 m for DGPS, 30 m for
GPS)

• Direction cosines in 3
dimensions (SV posn to
DGPS AP)

 Initialize.
 Begin main loop (T=3 - 5 sec):

Set KF Assumed Posn  (AP)
= last fix.

Get DGPS AP & residual
(range and doppler) for
each SV.

Translate DGPS residuals for
KF’s AP, receiver velocity
& clock error.

Get LORAN AP & residual
(range only) for each sta.

Translate LORAN residuals
for KF’s AP & rcvr clk err.

Create KF Observation
Matrix H & Obs Noise
Covariance Matrix R.

Check data using RAIM
Perform 1 iteration of Kalman

Filter eqns (Kalman Gain
K, Error Covar. P, states x.)

Store various quantities.
  End

LORAN Data  Structure

 Loran Data (per fix)
• Time of measurement
• LORAN location (for

comparison only)
• Loran station IDs (up to 8)
• Number of stations used
• Loran AP

 Loran Station Data (per
station per fix)

• Station ID
• Range residual
• Error Std. Dev. (Sigma)
• Heading of antenna
• Direction cosines in 2

dimensions (transmitter
station to LORAN AP)
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Figure 1

Figure 2


