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APPARATUS AND METHOD FOR LOCATING 
TOWED SEISMIC APPARATUS 

BACKGROUND OF THE INVENTION 

This invention relates to marine seismic exploration, 
and more particularly, relates to determining the posi 
tions of towed marine seismic sources, towed marine 
seismic detectors, and other towed marine apparatus. 

In marine seismic exploration, various impulsive 
sources, which are typically air guns, may be suspended 
at some preselected depth beneath a ?oat, or some other 
type of support apparatus. The ?oat or apparatus is in 
turn towed by an exploration vessel; there may be a 
plurality of such ?oats or apparatus towed behind the 
exploration vessel. The exploration vessel may also tow 
a streamer cable, or another exploration vessel may tow 
the streamer cable. The streamer cable contains detec 
tors to detect energy propagating upwardly from sub 
surface strata lying beneath the body of water in which 
the vessel operates. 
The exploration vessel may determine its precise 

location in the body of water through the use of con 
ventional navigation systems. Although such systems 
may be employed to determine the vessel's location, 
they generally do not determine the location of any 
source ?oats or apparatus, or streamer cable. Other 
onboard equipment must be employed to determine the 
location of the ?oats or apparatus, or streamer cable 
that may be in many different positions and at various 
distances depending upon the source and/or detector 
arrays employed. 

Recently developed seismic prospecting techniques 
for so-called 3-D shooting, or for improving signal—to 
noise ratios from subsurface layers, employ a plurality 
of seismic sources spaced from each other. These plu 
rality of seismic sources may be deployed in either wide 
or long arrays. These wide or long source arrays require 
a plurality of ?oats or apparatus appropriately disposed 
in the water and towed by the exploration vessel. 
The exploration vessel must determine the location of 

these plurality of sources and the streamer cable, as well 
as any other types of towed detectors, in order to accu 
rately process any resulting detected signals. Further, it 
is important to know the location of such towed seismic 
apparatus during vessel turns to avoid damage to the 
apparatus. Thus, there is currently an unful?lled need 
for simple onboard apparatus to locate towed seismic 
apparatus. 
These and other limitations and disadvantages are 

overcome by the present invention, however, and meth 
ods and apparatus are provided for determining the 
positions of the towed seismic apparatus relative to the 
towing vessel. 

SUMMARY OF THE INVENTION 

In a preferred embodiment of the present invention, 
apparatus and methods are provided for determining 
the position of marine seismic sources, streamer cables 
and other types of towed detectors relative to the tow 
ing vessel. The method of the present invention deter 
mines the range and bearing angle from a phased array 
acoustic detector to preselected locations on or adja 
cent the source ?oats (or other supporting apparatus) 
and preselected locations on the streamer cable or other 
towed detectors; selectively activatable acoustic 
sources at these preselected locations provide the 
acoustic energy from which the phased array deter 
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2 
mines ranges and bearing angles. The apparatus of the 
present invention preferably employs a phased array 
acoustic detector and selectively activatable acoustic 
sources at known preselected locations on or near 
source floats or apparatus, streamer cables, and other 
towed detectors. 

It is an object of the present invention to accurately 
measure the position of seismic sources, seismic detec 
tors, and other towed detectors relative to their towing 
vessel. 
These and other objects and advantages of the pres 

ent invention will become apparent from the following 
detailed description, wherein reference is made to the 
Figures in the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view of a vessel towing marine seis 
mic apparatus. 
FIG. 2 is a simpli?ed block diagram of one embodi 

ment of the apparatus depicted in FIG. 1. 
FIG. 3 is a simpli?ed plan view of a portion of the 

apparatus depicted in- FIG. 1. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Referring now to FIG. 1, there may be seen a plan 
‘view of a vessel 5 towing a plurality of ?oats 21~28 and 
a streamer cable 29. Although ?oats 21-28 are depicted 
in FIG. 1, any other type of towable supporting appara 
tus capable of supporting the seismic sources at some 
predetermined depth are considered within the scope of 
the present invention; the term “?oat” or “?oats” is 
used herein to mean any such type of towable support 
ing apparatus. More particularly, the exploration vessel 
5 has mounted thereon an acoustic phased array assem 
bly 10 (see FIG. 2), which may be extended below the 
hull of vessel 5 by conventional apparatus that is com 
mercially available. 

Vessel 5 also has appropriate towing gear 18 and 19 
for towing ?oats 21-28 with cables 20. Further, vessel 5 
is towing a marine seismic streamer cable 29 by means 
of appropriate towing gear (not shown). Although eight 
?oats and one streamer cable are depicted in FIG. 1, 
these numbers are by way of illustration only and are 
not intended as any limitation on the scope of the inven 
tion. 

Floats 21-28 may have suitable marine seismic 
sources disposed beneath them. Floats 21-28 may also 
have acoustic sources 31-38, respectively, located 
thereon, or adjacent the ?oat and near the seismic 
source, in accordance with the concepts of the present 
invention. These acoustic sources‘ 31-38 are preferably 
activated by signals sent over electrical wires from the 
vessel 5. This allows for simple and reliable apparatus to 
be located on or near the ?oat where it is subjected to 
mechanical shocks each time the seismic sources are 
?red. These electrical wires are preferably in a wiring 
type harness that is attached to towing cable 20, al 
though they may also be included in the towing cable 
20 

Similarly, acoustic sources 39-43 are depicted at vari 
ous known positions along the length of streamer cable 
29. Such sources may be an integral part of the cable, or 
may be exteriorly mounted pods. The exteriorly 
mounted pods may be suitably activated by special 
signals sent down electric wires that are interior to the 
cable, as is well known in the art. Further, such acoustic 
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sources may be located on other towed seismic detec 
tors, such as, for example, but not limited to, deep tow 
source monitors or magnetometers. 

Thus, all these various acoustic sources 31-43 are 
preferably selectively activatable, directly or indirectly, 
from vessel 5. Each source when appropriately acti 
vated emits a short acoustic signal. The sources may be 
transponders that are activated by the reception of an 
appropriate acoustic pulse or pulses, or preferably may 
be responders that are electrically activated, directly or 
indirectly, by a signal sent over a wire or pair of wires. 
The acoustic pulses to activate a transponder may also 
be transmitted by the acoustic phased array system 10. 
A portion of the acoustic sources 31-43 may be re 
sponders and the remainder transponders; for example, 
the ?oat acoustic sources may be responders and the 
streamer cable acoustic sources may be transponders. 

Also depicted in FIG. 1, is an acoustic phased array 
assembly 10. This phased array system is employed to 
determine a range and relative bearing of each of these 
sources when they are activated. Alternatively, this 
array assembly may also be used to transmit an appro 
priate acoustic pulse to a desired transponder. The 
phased array assembly operates in a manner well known 
in the art, but described brie?y later herein. 

Referring now to FIG. 2, there may be seen a block 
diagram of a presently preferred embodiment of the 
apparatus of the present invention. More speci?cally, 
there may be seen the phased array assembly 10 which 
is interconnected with and operated by beam control 
unit 15. Controller 16 is interconnected with beam con 
trol unit 15 and responder drivers 13. 
Thus, controller 16 selects the appropriate responder 

to be activated by selecting the appropriate responder 
driver 13. The responder driver 13 in turn sends an 
electric signal down a wire 13a to its corresponding 
responder. The ?oat responders 31-38 may be and are 
preferably hardwired to their respective drivers 13, 
while the streamer cable responders 39-43 may be hard 
wired or electronically coupled to their respective driv 
ers 13. The ?oats 21-28 and streamer cable 29 are de 
picted in shadow or outline form in FIG. 2. 

Continuing to refer to FIG. 2, there may also be seen 
a local computer 17 which has a master display 19a and 
remote display 19b. Alternatively, there may be more 
than one remote display 19b. Local computer 17 is ap 
propriately programmed to monitor the location of the 
responders of source ?oats and streamer cable at some 
preselected frequency. The apparatus of the present 
invention is preferably designed to allow for the deter 
mination of the locations of all the operating ?oat and 
streamer responders between seismic recording cycles, 
i.e. between successive ?rings of the seismic source, or 
sources. 

Local computer 17 receives data on the course, 
speed, pitch, roll, etc. through an external interface unit 
40. Local computer 17, in turn, provides in the appro 
priate format, the locations of the selected ?oat and 
streamer responders, as well as vessel heading and time 
to host computer 50. Host computer 50 may store this 
information or use it for on-vessel seismic data process 
ing or preprocessing, as is well known in the art. 

Referring now to FIG. 3, there may be seen a simpli 
fied two-dimensional representation of how the phased 
array determines the range and bearing to a selected 
responder. This same basic principal is employed in 
three dimensions. The array circuitry determines the 
relative bearings from the differences in phase of an 
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4 
arriving acoustic signal at different closely spaced de 
tectors, as is well known in the art. The range to the 
transponder is determined from the acoustic velocity 
(v) in the water of the area of interest and the time from 
the generation of the signal to a responder to transmit its 
acoustic pulse (reduced appropriately by any known 
equipment delay times) to the detection of arrival of the 
responder’s signal by the phased array assembly. The 
acoustic velocity of the water of the area of interest is 
periodically determined by conventional techniques 
known in the art, such as, direct measurement of water 
velocity or measurement of temperature and salinity 
and then calculating the water velocity. 

Thus, the method of the present invention determines 
a range and bearing to a preselected acoustic source or 
responder from a known location on the towing vessel. 
The preselected acoustic source or responder is in turn 
at a known location on or near a ?oat for seismic 
sources or on a seismic streamer cable or other towed 
detector(s) and thereby determines the location of the 
float or cable area, or towed detector(s). 
The presently preferred apparatus of the present in 

vention employs an acoustic phased array detector as 
sembly, beam control unit, controller, local computer, 
and master and remote displays, manufactured by SIM 
RAD, a Norwegian company. 
The method and apparatus of the present invention 

require a direct acoustic path between the responder or 
transponder and the array detectors. If the ?oats are 
close to the towing vessel, the vessel’s hull may block 
‘this acoustic path; for long seismic streamer cables the 
extremely distant responders or transponders may have 
no direct acoustic path when there are low acoustic 
velocities near the surface overlaying faster velocities 
below this low velocity layer, as acoustic rays bend 
towards the faster velocity layers. 
Many other variations and modi?cations may be 

made in the apparatus and techniques hereinbefore de 
scribed, by those having experience in this technology, 
without departing from the concepts of the present 
invention. Accordingly, it should be clearly understood 
that the apparatus and methods depicted in the accom 
panying drawings and referred to in the foregoing de 
scription are illustrative only and are not intended as 
limitations on the scope of the invention. 
What is claimed is: 
1. A method of locating a plurality of towed objects 

relative to a towing vessel, comprising: 
selectively activating at least one of a plurality of 

acoustic sources corresponding to said plurality of 
towed objects and located at known positions adja 
cent said towed objects, 

acoustically determining an individual range and 
bearings to each of said selectively activated acous 
tic sources with a two-dimensional phased array 
located at one known position on said vessel, 
wherein said range is determined from the acoustic 
velocity of water adjacent said vessel and the 
travel time of acoustic energy from said selectively 
activated acoustic source to said phased array, and 
said bearings are determined from phase shifts de 
tected by the elements of said phased array, and 

determining the positions of said towed objects rela 
tive to said vessel from said determined individual 
range and bearings and the known positions of said 
phased array on said vessel and said acoustic 
sources adjacent said towed objects. 
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2. Apparatus for locating a plurality of towed objects 
relative to a towing vessel, comprising: 
means for selectively activating at least one of a plu 

rality of acoustic sources corresponding to said 
plurality of towed objects and located at known 
positions adjacent said towed objects, 

means for acoustically determining an individual 
range and bearings to each of said selectively acti 
vated acoustic sources with a two-dimensional 
phased array located at one known position on said 
vessel, wherein said range is determined from the 
acoustic velocity of water adjacent said vessel and 
the travel time of acoustic energy from said selec 
tively activated acoustic source to said phased 
array, and said bearings are determined from phase 
shifts detected by the elements of said phased ar 
ray, and 

means for determining the positions of said towed 
objects relative to said vessel from said determined 
individual range and bearings and the known posi 
tions of said phased array on said vessel and said 
acoustic sources adjacent said towed objects. 

3. Apparatus for locating a plurality of towed objects 
relative to a towing vessel, comprising: 
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6 
separate acoustic source means adjacent and attached 

to each of said towed objects and each responsive 
to an individual preselected signal for generating 
an acoustic signal; 

controller means for generating said preselected sig 
nals and for individually determining a range and 
bearing to said towed objects from a preselected 
location on said vessel; and 

a phased array located on said vessel at said prese 
lected location for receiving said acoustic signals 
from said acoustic source means and intercon~ 
nected with said controller means. 

4. The apparatus of claim 3, further comprising: 
display means for displaying said ranges and bearings. 
5. The apparatus of claim 3, wherein said separate 

acoustic source means are responder means. 
6. The apparatus of claim 5, wherein said responders 

are interconnected with said controller means. 
7. The apparatus of claim 3, wherein said separate 

acoustic source means are transponders. 
8. The apparatus of claim 3, wherein said separate 

acoustic source means comprises transponders and re 
sponders. 

* * * 1k * 


