
GB2027888B        1 SPECIFICATION                                  ster",
M.I.T. Technology Review, Mar-April, 1976, pp. 25-40; but again, while one
angu- Method of and apparatus for sonar detect-      lar plane coordinate
can be determined with ing and the like with plural substantially     the
narrow beam cross-section, ambiguity in 5 orthogonal radiation beams
70 the orthogonal plane angle persists. It is to this problem, accordingly,
that the The present invention relates to methods of    present invention,
in one of its important and apparatus for sonar detection and the
usages, is directed; it being an object to like, being more particularly
directed to the  provide a new and improved acoustic or sonar 10
pin-pointing of echoing objects underwater   75 detection method and
apparatus that is not and the like, without the necessity for scann-
subject to the above disadvantages but that, ing, or phase-varied arrays
requiring moving   to the contrary, enables the fixing of the acoustic
beams or patterns.                    precise three-dimensional position of
an object The art is replete with scanning techniques  in addition to its
range determination, and 15 for the echo-location of objects (in space in
80 without requiring scanning. the case of radar, and in water in the case
of   A further object is to provide such a novel sonar) which work with
various degrees of      method and apparatus of more general utility,
success in various applications or usages.     as well. Underwater
operations, however, have numer-      Other and further objects will be
explained 20 ous practical distinctions from radio location  85 hereinafter
and are more particularly delin- in air. While highly directional
pencil-like   eated in the appended claims. In summary, acoustic beams of
'narrow angle in both hori-  from one of its broadest aspects, the
invention zontal and vertical planes or cross-sections can  embraces a
method of sonar location and the produce a localization of the echoing
object,  like, that comprises,transmitting and receiv- 25 they inherently
do not permit of wide angle  90 ing sonar energy in a fan-shaped acoustic
searching and thus, even when scanned, are     beam along a predetermined
axis underwater not highly reliable to find particular sub-    from a
predetermined location, the beam hav- merged objects. Wider-beamed
radiation pat-    ing a narrow beam angle in one plane and a terns, on the
other hand, while broadening     relatively wide beam angle in a
substantially 30 the angles of searching, introduce formidable    95
orthogonal plane, to provide wide-angle echo- ambiguities in pin-pointing
actual position,   detection in the orthogonal plane with narrow- though
indicating range. The indicating of an  angle discrimination in the said
one plane; echo on the sonar indicating' means, such as a  substantially
simultaneously transmitting and stylus or drum-recorder, then merely
indicates  receiving sonar energy in a further fan-shaped 35 the presence
of an acoustically echoing object  100 acoustic beam substantially along
said axis on a portion or section of a sphere of radius  underwater from
substantially the same loca- equal to the range of the object; but one
tion, said further beam having a narrow beam cannot tell where the actual
location of the   angle in the said orthogonal plane and a object on such
spherical surface may be. This  relatively wide beam angle in the said one
40 is further complicated in the presence of echo-  105 plane, to enable
wide-angle echo-detection in ing obstacles, including the bottom, the sur-
the said one plane with narrow-angle discrimi- face and vessels or other
objects at or near   nation in the said orthogonal plane; simultane- the
surface, including waves that make under-  ously displaying the received
echo signals of water echo-location quite unique. Unlike un-   both beams;
and indicating when an echo 45 wanted radar obstacles which do not exist in
110 signal is displayed from both beams at pre- the sky, such unwanted
underwater acousti-     cisely the same range, then to pin-point the
cally-echoing surfaces are invariably present;  position of the echoing
objects as directly such that techniques that have worked for      along
said axis and at said range. Preferred radar pin-pointing are not usually
directly    details are hereinafter detailed. 50 adaptable for sonar.
115  The invention will now be described with In addition, there are
numerous applications  reference to the accompanying drawing, the where a
simple, fixed acoustic transducer ar-  single figure of which is a diagram
illustrating ray is highly desirable, without complicated   the invention
in preferred form. phasing or mechanical scanning mechanisms,       For
purposes of illustration, the invention is 55 and where continual
discriminating pin-point-   120 illustrated as applied to a fixed
underwater ing of the echoing object is essential.        location, as on a
deep ridge [err], to detect the Sonar beams directional in one plane and
passage of moving underwater objects 0 that relatively broad in the
orthogonal plane and   are to be detected when  crossing a predeter- other
shaped beams have also been employed     mined axis A, which may, for
example, be 60 for numerous applications, such as bottom   125 directed at
underwater cameras, (not shown) and side-scan detection and profiling as
de-   intended to photograph such objects 0 during scribed in '"Underwater
Search At Loch         such passage, as described in the said M.I.T. Ness",
M. Klein, Academy of Applied Science    Technology Review article. Clearly,
other Monograph 1, 1972 and by the co-inventors      applications and
usages will be evident, in- 65 hereof in "Search for the Loch Ness Mon-
130 cluding even towing or moving the apparatus,   
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GB2027888B        2 as a unit, if desired. While, moreover, opera-  beams,
there is a simultaneous display of the tion with acoustic energy underwater
is de-    echo from such common object 0 on both scribed, the invention may
be used with other  displays, pin-pointing the subject as simulta- energy
beams wherever the purposes              neously within both complementary,
intersect- 5 achieved by the invention are desired.       70 ing fan-shaped
beams [err] and [err] and. In accordance with the invention, a long
thus along the axis A and at range [err]  Thus, substantially horizontally
oriented transducer  accurate locatization has been. achieved with- array H
is shown mounted on a stand ST on      out the necessity for scanning
arrays and the the bottom ridge R', with its resulting narrow  like of the
prior art, and with the flexibility of 10 beam angle [err] in the
long-dimension horizon-   75 wide-angle searching in both planes, all the
tal plane, and its relatively wide beam angle  while. Hv in the vertical
plane (resulting from ifs  .  If desired, the left-hand display [err]. may
be narrow dimension width), producing a fan-     inverted to overlay the
right-hand display [err], shaped vertical "fence". Moving objects 0
-as by mirror projection  or other well-known 15 may pass through this beam
"fence" into and   80-techniques, such that the coincidence of out. of the
plane of the drawing, echoing the  echoes [err], will be readily indicated;
or other transmitted sonar impulses generated by so-    correlation
techniques and apparatus may be nar apparatus S back to the receiver
thereof in  used, as is well-known. conventional fashion as described, for
exam-     Through this technique, moreover, unlike 20 ple, in the above
references and as is well -  85 prior art, large-area scanning and
searching known.. Simultaneously, the sonar apparatus S  operations, simple
rotational movements azi- .is.shown energizing a preferably similar verti-
muthally and in elevation enable pin-pointing cally oriented transducer
array V, also        with minimal searching. Thus, particularly in mounted
at or near the stand ST, to produce    other searching applications, for
example, 25 a similar fan-shaped beam, but oriented com-    90 movement in
the horizontal plane of the verti- plementarily to the beam HH-Hv, with the
cal fan beam [err] to find a target in azi- narrow discriminating beam
angle in the verti-  muth, illustrated schematically by the rotator cal
plane at.[err], and the wider angle beam      axis AZ normal to the
horizontal plane, and cross-section VH in the horizontal plane; but  then
movement in the vertical plane of the 30 with its fan-shaped substantially
horizontal .  95 horizontal fan beam [err] to locate it eleva- beam "fence"
directed along substantially the  tionally, as at the horizontal axis EL,
or visa same axis A as the beam [err] of transducer    versa, provides a
quick, simple and reliable array H. While the arrays H and V need not
fix. As shown both fan beams are of similar be precisely of the same energy
coverages for  energy coverage and. pattern and move in 35 uses as in the
above illustrative example, they   100 unison as a single unit, both
azimuthally and are preferably similar and of common fre-
elevationally, though this is not always neces- quency andsonar pulse
recurrence frequency.   sary, with independent adjustment being Fixed
echoes, as from bottom obstacles or    sometimes useful and somewhat
differing the like, will be recorded on the conventional  beam coverage or
shaping. also having appli- 40 sonar stylus or drum chart recorder R (or
105 cation for special circumstances. For the pur-. other display), moving
with time in the direc-  poses of the illustrated embodiment, however, tion
of the arrow, as vertical lines parallel to  similar beams and unison
movement are parti- the transmitted pulse origin lines [err] and [err],
cularly beneficial. of the respective transducers H and V, and       A
further feature of the technique of the 45 horizontal distances (such as
[err] and [err]) corre-  110 invention resides in the additional refinement
sponding to the ranges of these objects de-    that the gain or sensitivity
of the sonar recep- tected by transducers, H and V, respectively.   tion of
the different fan-shaped. beams can be In this case, the object producing
echo line R3  selectively and separately or independently is outside the
fan beam VH-VV, but within the  varied during display. It may be desirable,
as 50 fan beam [err]; and visa versa for echo line   11 5 an illustration,
to operate the reception and R2. Stationery echoing objects produce steady
display of the horizontal fan beam signals with lines along the direction
of time movement of  relatively high sensitivity. to search for extreme the
chart or other display. Similarly, fish or  ranges as well as the
closer-range objects; other moving echoing objects are indicated at  while
operating the vertical fan beam signal 55 R4 on the display for transducer
H and at [err]    120 gain in with lower sensitivity to concentrate on. for
the time-moving display of echo signals    the closer-range objects. An
indication or corn- from transducer V; again with the objects      parison
of the relative size of. vertical and producing such echoes only with their
respec-  horizontal dimensions or extent of an.echoing tive beams and
diagonally indicated if reced-  object may also be obtained by selectively
60 ing or approaching with, thus, positive dis-  125 reducing the
horizontal and vertical fan recep- crimination of moving targets; transient
or    tion gaines while displaying the signal from a intermittent traces in
the direction of time  common object. movement of the chart also indicating
rela-      While two substantially orthogonal intersect- tively
transversely moving objects. But when    ing fan-shaped beams have been
described, 65 an object such as [err] is in both fan-shaped  130 there are
applications where such intersecting.  



3                                                                    GB2027
888B relationship need not be strictly orthogonal or  3. A method as
claimed in claim 1 and in with horizontal and vertical orientation (such
which said location is moved in the water. terms thus being used
generically as reference  4. A method as claimed in claim 1 and in
directions herein, though actual substantially  which said one plane is
substantially horizon- 5 horizontal and vertical directions are preferred
70 tal and said orthogonal plane, substantially for the illustrative
application), and clearly  vertical. ancillary fan-shaped beams at
intermediate      5. A method as claimed in claim 1 and in intersecting
angles may be added, with appro-  which the values of the respective narrow
and priate additional corresponding displays, if de-  wide beam angles are
substantially the same 10 sired. The illustrated embodiment, however, is
75 in each fan-shaped beam. particularly tailored for many types of under-
6. A method as claimed in claim 1 and in water applications. The use of
somewhat dif-  which the beams are of substantially similar ferent
frequencies for the beams H and V can,  energy coverage. among other
features, help prevent interfer-    7. A method as claimed in claim 6 and
in 15 ence or cross-talk on the displays, and differ-    80 which the sonar
energy of each beam is ent pulse recurrence frequencies can enable
provided simultaneously from a common puls- different range limits which
can also be corre-  ing source. lated in the display in monitoring for
common   8. A method of sonar echo-location, that objects in the beams.
comprises, transmitting and receiving energy 20   In tests at Loch Ness,
Scotland, such a   85 in a fan-shaped radiation beam along a pre- system
was successfully employed for object   determined axis from a predetermined
loca- localization, as shown, with arrays H and V   tion, the beam having a
narrow beam angle in each about 35 cm. long and about 2 cm.        one
plane and a relatively wide beam angle in wide, operating at about 105 KHZ,
with 0.1    a substantially orthogonal plane, to provide 25 millisecond
sonar pulses, and with narrow   90 wide-angle echo-detection in the
orthogonal beam angles of about 1.0 three dB down,      plane with
narrow-angle discrimination in the and fan beam angle about 40 three dB
said one plane; and substantially simultane- down. The sonar
transmitter-receiver-recorder  ously transmitting and receiving energy in a
display system S-R was an E G & G Model       further fan-shaped beam
substantially along 30 259-3 side-scan apparatus. The systm H-V    95 said
axis from substantially the same location, was connected as a unitary
structure, in a    said further beam having a narrow beam cradle stand ST,
orientable as a unit along the  angle in the said orthogonal plane and a
arcuate directions EL, and in azimuth AZ with  relatively wide beam angle
in the said one the stand.                                    plane, to
enable wide-angle echo-detection in 35
100 the said one plane with narrow-angle discrimi- CLAIMS
nation in the said orthogonal plane. 1. A method of sonar location and the
9. A method as claimed in claim 8 and in like, that comprises, transmitting
and receiv-  which the received echo signals of both ing sonar energy in a
fan-shaped acoustic     beams are substantially simultaneously dis- 40 beam
along a predetermined axis underwater   105 played, and the displaying of
an echo signal from a predetermined location, the beam hav-  from both
beams at precisely the same range ing a narrow beam angle in one plane and
a    is indicated to pin-point the position of the relatively wide beam
angle in a substantially  echoing object as directly along said axis and
orthogonal plane, to provide wide-angle echo-  at said range. 45 detection
in the orthogonal plane with narrow-  110   10. A method as claimed in
claim 1 and angle discrimination in the said one plane;   in which the said
beams are moved about an substantially simultaneously transmitting and
axis normal to said one plahe to indicate an receiving sonar energy in a
further fan-shaped  object in the first named beam, and the said acoustic
beam substantially along said axis   beams are moved about an axis normal
to 50 underwater from substantially the same loca-   11 5 said orthogonal
plane simultaneously to indi- tion, said further beam having a narrow beam
cate the same object in said further beam. angle in the said orthogonal
plane and a        1 1. A method as claimed in claim 10 and relatively wide
beam angle in the said one    in which the said beams are moved in unison.
plane, to enable wide-angle echo-discrimina-    12. A method as claimed in
claim 1 and 55 tion in the said one plane with narrow-angle    120 in which
said predetermined location is under- discrimination in the said orthogonal
plane;  water proximal to the bottom. simultaneously displaying the
received echo     1 3. Sonar location apparatus having, in signals of both
beams; and indicating when    combination, a pair of substantially orthogo-
an echo signal is displayed from both beams   nally mounted acoustic
transducer means 60 at precisely the same range, thus to pin-point   125
each having a long and a narrow dimension the position of the echoing
objects as directly  for respectively producing a narrow beam an- along
said axis and at said range.            gle in the plane of the long
dimension and a 2. A method as claimed in claim 1 and in    relatively wide
fan-shaped beam angle in the which said location is fixed underwater and
substantially orthogonal plane of the narrow 65 said objects move through
said beams.      130 dimension, with the narrow beam angles of 
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GB2027888B relationship need not be strictly orthogonal or  3. A method as
claimed in claim 1 and in with horizontal and vertical orientation (such
which said location is moved in the water. terms thus being used
generically as reference  4. A method as claimed in claim 1 and in
directions herein, though actual substantially  which said one plane is
substantially horizon- 5 horizontal and vertical directions are preferred
70 tal and said orthogonal plane, substantially for the illustrative
application), and clearly  vertical. ancillary fan-shaped beams at
intermediate     5. A method as claimed in claim 1 and in intersecting
angles may be added, with appro-  which the values of the respective narrow
and priate additional corresponding displays, if de-  wide beam angles are
substantially the same 10 sired. The illustrated embodiment, however, is
75 in each fan-shaped beam. particularly tailored for many types of under-
6. A method as claimed in claim 1 and in water applications. The use of
somewhat dif-  which the beams are of substantially similar ferent
frequencies for the beams H and V can,  energy coverage. among other
features, help prevent interfer-   7. A method as claimed in claim 6 and in
15 ence or cross-talk on the displays, and differ-    80 which the sonar
energy of each beam is ent pulse recurrence frequencies can enable
provided simultaneously from a common puls- different range limits which
can also be corre-  ing source. lated in the display in monitoring for
common  8. A method of sonar echo-location, that objects in the beams.
comprises, transmitting and receiving energy 20   In tests at Loch Ness,
Scotland, such a  85 in a fan-shaped radiation beam along a pre- system was
successfully employed for object  determined axis from a predetermined
loca- localization, as shown, with arrays H and V  tion, the beam having a
narrow beam angle in each about 35 cm. long and about 2 cm.       one plane
and a relatively wide beam angle in wide, operating at about 105 KHZ, with
0.1   a substantially orthogonal plane, to provide 25 millisecond sonar
pulses, and with narrow  90 wide-angle echo-detection in the orthogonal
beam angles of about 1.0 three dB down,     plane with narrow-angle
discrimination in the and fan beam angle about 40 three dB        said one
plane; and substantially simultane- down. The sonar
transmitter-receiver-recorder  ously transmitting and receiving energy in a
display system S-R was an E G 8 G Model      further fan-shaped beam
substantially along 30 259-3 side-scan apparatus. The systm H-V   95 said
axis from substantially the same location, was connected as a unitary
structure, in a   said further beam having a narrow beam cradle stand ST,
orientable as a unit along the  angle in the said orthogonal plane and a
arcuate directions EL, and in azimuth AZ with  relatively wide beam angle
in the said one the stand.                                   plane, to
enable wide-angle echo-detection in 35
100 the said one plane with narrow-angle discrimi- CLAIMS
nation in the said orthogonal plane. 1. A method of sonar location and the
9. A method as claimed in claim 8 and in like, that comprises, transmitting
and receiv-  which the received echo signals of both ing sonar energy in a
fan-shaped acoustic    beams are substantially simultaneously dis- 40 beam
along a predetermined axis underwater   105 played, and the displaying of
an echo signal from a predetermined location, the beam hav-  from both
beams at precisely the same range ing a narrow beam angle in one plane and
a   is indicated to pin-point the position of the relatively wide beam
angle in a substantially  echoing object as directly along said axis and
orthogonal plane, to provide wide-angle echo-  at said range. 45 detection
in the orthogonal plane with narrow-  110  10. A method as claimed in claim
1 and angle discrimination in the said one plane;  in which the said beams
are moved about an substantially simultaneously transmitting and  axis
normal to said one plane to indicate an receiving sonar energy in a further
fan-shaped  object in the first named beam, and the said acoustic beam
substantially along said axis  beams are moved about an axis normal to 50
underwater from substantially the same loca-   11 5 said orthogonal plane
simultaneously to indi- tion, said further beam having a narrow beam  cate
the same object in said further beam. angle in the said orthogonal plane
and a       1 1. A method as claimed in claim 10 and relatively wide beam
angle in the said one   in which the said beams are moved in unison. plane,
to enable wide-angle echo-discrimina-   12. A method as claimed in claim 1
and 55 tion in the said one plane with narrow-angle    120 in which said
predetermined location is under- discrimination in the said orthogonal
plane;  water proximal to the bottom. simultaneously displaying the
received echo    13. Sonar location apparatus having, in signals of both
beams; and indicating when   combination, a pair of substantially orthogo-
an echo signal is displayed from both beams  nally mounted acoustic
transducer means 60 at precisely the same range, thus to pin-point   125
each having a long and a narrow dimension the position of the echoing
objects as directly  for respectively producing a narrow beam an- along
said axis and at said range.           gle in the plane of the long
dimension and a 2. A method as claimed in claim 1 and in   relatively wide
fan-shaped beam angle in the 



which said location is fixed underwater and  substantially orthogonal plane
of the narrow 65 said objects move through said beams.     130 dimension,
with the narrow beam angles of    GB 2 027 888B each transducer means
substantially orthogo- nal to each other; sonar transmitting and receiving
means connected with the pair of transducer means to transmit and receive
their 5 respective beams along substantially the same axis simultanteouly;
means for substantially simultaneously displaying the received echo signals
of both beams; and means for indicat- ing when an echo-signal is displayed
on the 10 last-named means from both beams at pre- cisely the sane range,
thereby to pin-point the position of the echoing object as directly along
said axis at said range. 14. Sonar location apparatus as claimed 15 in
claim 13 and in which the pair of trans- ducer means are connected to move
angularly in unison. 15. Sonar location aparatus as claimed in claim 13 and
in which each of the pair of 20 transducer means are of similar dimensions
to produce similar, though complementary, beams. 16. A method as claimed in
claim I and in which the reception and displaying of echo 25 signals
received in the two-fan-shaped beams iseffected with differing relative
sensitivities. 17. A method as claimed in claim 16 and in which the said
sensitivities of the two fan- shaped beams are independently changed 30
during. the displaying of the echo signals. 18. A method as claimed in
claim I and in which the said predetermined location is relatively'
stationery with reference to said ob- jects and said displaying is effected
on a time- 35 moving surface along a predetermined direc- tion to
discriminate relatively moving from. stationary objects by indications
extending di- agonally to said direction and by transient indications
along. said direction. 40   1 9. A method as claimed in claim 1 and in
which the. respective carrier frequencies and/or the respective sonar pulse
recurrence frequency of the beams are different. 20. A method as claimed in
claim 1 and 45 in which the. frequency and sonar pulse recur- rence
frequency of the sonar energy of the fan-shaped beams are adjusted to. be
substan- tially the same. 21. A method of sonar location substan- 50 tially
as hereinbefore described with reference to the drawings.. 22. Sonar
location apparatus substantially as hereinbefore described with reference
to and as illustrated in the accompanying draw- 55 ings. Printed for Her
Majesty's Stationery Office by Burgess & Son (Abingdon). Ltd-1 983.
Published at The Patent Office, 25 Southampton Buildings, London. WC2A 1AY,
from which copies may be obtained.    


