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MARINE NAVIGATION METHOD FOR 
GEOPHYSICAL EXPLORATION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates generally to marine seismic 

surveying and more particularly to a method of deter 
mining the position of sources and receivers used in the 
seismic spread in marine geophysical surveying. 

2. Background of the Invention 
In marine seismic exploration, one or more streamer 

cables, each typically between 2000 and 5000 meters 
long and one or more acoustic pulse sources, usually air 
gun subarrays containing several individual air guns are 
towed behind a vessel in a body of water. Each streamer 
cable contains several sensors, typically hydrophones, 
spaced along the length of the streamer cable. During 
operation, the air guns are activated every few seconds 
to produce a shock wave or an acoustic pulse. The 
acoustic pulse is transmitted to the earth’s substrata 
lying underneath the air gun. The acoustic pulse is re 
?ected and refracted by the substrata layers back to the 
earth’s surface and then to the sensors located in the 
streamer cables. These sensors detect the returning 
acoustic pulses and produce signals (dam) representa 
tive of such returning acoustic pulses. The dam is then 
processed to determine the structure of the earth below 
the surveyed area. 
During the survey, the vessel is constantly moving 

along a predetermined course at a predetermined speed. 
Thus, the air guns and the sensors contained in the 
streamer cables are constantly moving while the survey 
is being performed. In order to accurately process the 
signals from the hydrophones (the dam), the location of 
the hydrophones and the location of the air gun subar 
rays must be determined at the time the air guns are 
activated. ' 

To determine the positions of the sources and the 
receivers, it is typical to use a network containing a 
large number of different types of navigational devices. 
These navigational devices are placed at known loca 
tions along the streamer cable, on the air gun subarrays, 
on the vessel and at various other locations on various 
other equipment used for performing geophysical sur 
veying. The placement of the navigational devices form 
a complex network which provides many hundreds of 
observations. 

In recent years, more and more surveys are being 
done to obtain three-dimensional (3-D) mapping of the 
earth’s substrata. Additionally, larger vessels using sev 
eral streamer cables and air gun subarrays and multiple 
vessels are now routinely used for performing geophysi 
cal surveys. Use of such surveying methods requires 
more accurately determining the positions of the 
sources and receivers than has been done in the past. 
To obtain more accurate positions of the sources and 

receivers, the trend in the industry has been to use an 
increasingly complex network of stations consequently 
increasing the number of observations by several folds. 
Experience has shown that errant measurements (ob 

servations) are quite common and that if not corrected, 
can reduce the quality of the results obtained by pro— 
cessing such data. Various methods have been em 
ployed in the prior art to process the observations in 
real time on-board the seismic vessel. However, due to 
the increased complexity of the networks used, the 
diversity and sheer number of observations, these prior 
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art techniques do not provide the desired accuracy, 
partially due to their inability to correct the errant mea~ 
surements. 
The present invention provides an on-line, real-time 

method for processing navigational observations for 
computing more accurate locations of the source and 
receiver points. 

SUMMARY OF THE INVENTION 

The present invention provides a method for deter 
mining the location of sensor and receiver points in a 
navigational network having a number of different 
types of devices. Observations from these devices are 
obtained using a coordinate system that follows appro 
priate nominal sailing lines. The w-statistics for the 
observations are computed to discard observations 
which fall outside the norm for those observations. Any 
correlated observations are uncorrelated. The uncorre 
lated observations are then sequentially processed in an 
extended sequential Kalman ?lter, which provides the 
corrected or estimated values of the observations. 
These estimated values are then used to determine the 
location of the source and receiver points. 
Examples of the more important features of the 

method of the invention have been summarized rather 
broadly in order that the detailed description thereof 
that follows may be better understood, and in order that 
the contribution to the art may be better appreciated. 
There are, of course, additional features of the invention 
that will be described hereinafter and which will form 
the subject matter of the claims appended hereto. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For detailed understanding of the present invention, 
references should be made to the following embodi 
ment, taken in conjunction with the accompanying 
drawings, in which like elements have been given like 
numerals and wherein: 
FIG. 1 shows a network of stations, sources and re 

ceivers; 
FIG. 2 shows a graphical representation of a coordi 

nate system for use in the method of the invention; 
FIG. 3 shows a ?ow diagram of containing certain 

steps used in the method of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The present invention provides a method for comput 
ing in real time the positions of source and receiver 
points in a navigational network using diversi?ed navi 
gational devices. The method utilizes sequential pro 
cessing of connected uncorrelated observations (inno 
vations) in the order they are received to determine the 
location of source and receiver points. 
FIG. 1 shows a typical network of stations, source 

points, receiver points and certain ranges between cer 
tain of the stations. This ?gure shows a placement of 
three streamer cables 10, 12 and 14 and two air gun 
sub-arrays 70 and 72 behind a vessel 100. Each air gun 
subarray contains several individual air guns typically 
forming a single source point. Each streamer cable 
contains a number of receivers (hydrophones) placed 
along the length of the cable. These hydrophones or 
groups of hydrophones form receiver points. Cable 
compasses are placed along the streamer cables to pro 
vide tangential azimuths at these locations. FIG. 1 
shows cable compasses 22a . . . 22m1 for cable 10, 26a . 
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