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57 ABSTRACT

An ultrasound transducer apparatus for shaping the ultra-
sound coverage field per application requirement in both the
radiating and receiving mode of operation. Wave coverage
field is shaped by forming at least one cut at designated
location on the housing wall. A cut on the housing wall of the
transducer pot-shaped structural body results into the reduc-
tion of wave intensity, either radiating or receiving, toward
that direction where the cut is located.
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ULTRASOUND TRANSDUCER APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is related to the Applicant’s co-
pending Provisional Application No. 60/847,936 filed Sep.
29, 2006. The entirety of such Provisional Application is
incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates in general to an ultra-
sound transducer apparatus. More particularly, this invention
relates to an ultrasound transducer apparatus for tailored
ultrasound transmission coverage field.

DESCRIPTION OF THE RELATED ART

[0003] Ultrasound transducers are useful in object detec-
tion for various applications. Typical applications include
target range finding for cameras. Obstacle detection and
monitoring at rear proximity of vehicles using ultrasound
waves, for example, are also popular. In many cases a piezo-
electric element is used for an ultrasound transducer to pro-
duce ultrasound waves for these purposes. In most of the
cases, an ultrasound transducer is used both as the ultrasound
transmitting and receiving means. In other words, the ultra-
sound transducer is responsible both for generating ultra-
sound waves used as the scanning and/or ranging wave and
for receiving the reflected waves.

[0004] Regardless ofeither the transmitting or the receiving
mode an ultrasound transducer is in, the emanating and
receiving wave field is often critical to the application. For
example, in the automobile rear proximity monitoring appli-
cation, both the transmitting and receiving ultrasound wave
coverage fields are shaped for optimized operation. In gen-
eral, both coverage fields need to be wide in the horizontal
orientation and narrow in vertical. A wide horizontal trans-
mitting coverage field increases the effective angular moni-
toring range to avoid oversight of objects to the rear of a
reversing vehicle. On the other hand, a narrow vertical scan-
ning angular range reduces the likelihood of interference
from ultrasound waves reflected from the ground.

[0005] Coverage field shaping for the receiving mode of an
ultrasound transducer in a vehicle rear proximity monitoring
system is basically the same as for the transmitting mode.
Similar requirements are substantially applicable to the cam-
era range-finding applications.

[0006] Various means for achieving this shaped coverage
field in ultrasound transducer applications have been
attempted. As is known to those skilled in this art, basic
acoustic physics dictates that for an ultrasound transducer
with a pot-shaped sound cone there exists a specific inner
housing wall configuration that is optimized for shaping the
device coverage into a horizontally wide and vertically nar-
row field. For such an optimized transducer structural con-
figuration, the cross section of the inner housing wall taken
along a plane perpendicular to the direction of ultrasound
wave radiation resembles that of an upright rectangle or
ellipse. Essentially, the contour of the inner wall cross section
has a horizontally smaller dimension than the vertical. In
other words, an ultrasound transducer having a sound cone
with a narrower horizontal dimension and a wider vertical
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dimension is optimized for generating a coverage field that is
wider horizontally than vertically.

[0007] InU.S. Pat. No. 6,370,086 “Ultrasound Sensor for
Distance Measurement,” Li proposed an ultrasound sensor
having a housing for its piezoelectric ultrasound generating
element with a unique-shaped chamber. Li attempted to shape
up the coverage field ot his sensor by modification to the basic
vertical rectangular inner opening into several unique shapes,
which Li announced to be able to shape the coverage field to
a horizontal angular range sufficient to encompass the entire
cross section of a vehicle. Li’s sensor, however, is not con-
sidered far beyond the basic acoustics of the fundamental
ultrasonic transducer device for similar applications.

[0008] U.S. Pat. No. 6,250,162 “Ultrasonic Sensor” to
Amaike et al. disclosed an ultrasonic sensor to shape up the
horizontally wide and vertically narrow wave coverage field
via a different approach than Li’s described above. Amaike et
al. used a structured thick-thin configuration over the bottom
portion of their sensor. Basic structural configuration of the
ultrasonic sensor proposed by Amaike et al., however, is no
deviation from the basic one with a housing inner opening
that is vertically wider and horizontally narrower.

[0009] On the other hand, in a different approach Rapps et
al. in U.S. Pat. No. 5,446,332, “Ultrasonic Transducer,”
employed damping means attached to the oscillating dia-
phragm and/or the housing as well as the multiple disposition
of piezo oscillators in the system to shape the desired cover-
age field that is wide horizontally and narrow vertically.

[0010] While conventional ultrasound transducers such as
those described above are wildly used in applications includ-
ing vehicle rear proximity monitoring systems, there are still
the problems such as insufficient horizontal angular coverage
within the range of reasonable detection sensitivity supported
by the accompanying electronics. Insufficient horizontal cov-
erage of an ultrasound transducer for a vehicle rear proximity
monitoring system implies the need for more transducers so
as to cover the entire rear end of a commercial vehicle such as
a sedan or a pickup.

[0011] Another problem to the opposite is the insufficient
narrowness in the vertical direction. Although an old issue,
sensitivity of a vehicle rear proximity monitoring system in
the vertical direction that is wide enough to cause frequent
false detection results into user inconvenience, although not
safety related inconvenience.

SUMMARY OF THE INVENTION

[0012] The present invention therefore provides an ultra-
sound transducer able to provide improved coverage charac-
teristics for meeting specific application requirements. Wave
coverage field featured by an ultrasound transducer of the
present invention is shaped by the provision of at least one cut
at designated location on the housing wall. A cut on the
housing wall of the transducer pot-shaped structural body
results into the reduction of wave intensity, either radiating or
receiving, toward that direction where the cut is located.

[0013] The present invention further provides an ultra-
sound transducer that provides improved coverage character-
istics. Shaping of the wave coverage is by forming at least one
thickness reduction area at designated location on the housing
wall. A thickness reduction area on the housing wall of the
transducer pot-shaped structural body results into the reduc-
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tion of wave intensity, either radiating or receiving, toward
that direction where the cut or thickness reduction area is
located. A recess formed as a result of the presence of a
thickness reduction area may be a recess on the inner or outer
surface of the housing wall.

BRIEF DESCRIPTION OF THE DRAWING

[0014] FIGS. 1A and 1B respectively are views from dif-
ferent perspective of a prior art transducer for ultrasound
proximity monitoring system.

[0015] FIG. 2 illustrates in perspective another prior art
transducer for ultrasound proximity monitoring systems.

[0016] FIG. 3 illustrates in perspective yet another prior art
transducer for ultrasound proximity monitoring systems.

[0017] FIG. 4A is a perspective view of a piezoelectric
transducer in accordance with a preferred embodiment of the
present invention.

[0018] FIG. 4B is a side elevational view of the transducer
of FIG. 4A.

[0019] FIG. 5 is a perspective view of a piezoelectric trans-
ducer in accordance with another embodiment of the present
invention.

[0020] FIG. 6 is a perspective view of a piezoelectric trans-
ducer in accordance with yet another embodiment of the
present invention.

[0021] FIG. 7 is a perspective view of a piezoelectric trans-
ducer in accordance with still another embodiment of the
present invention.

[0022] FIGS. 8A and 8B are perspective views of still yet
another embodiment of the present invention.

[0023] FIG. 8C is a side elevational view of the transducer
of FIGS. 8A and 8B.

[0024] FIG. 9 shows the wave intensity characteristic of a
conventional ultrasound transducer for commercial vehicle
rear proXimity monitoring system.

[0025] FIG. 10 shows the wave intensity characteristics of
a transducer made in accordance with the present invention
using the transducer tested in FIG. 9 as the basic construction
element.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0026] An ultrasound transducer apparatus in accordance
with the present invention provides improved coverage char-
acteristics to meet specific application requirements. The
ultrasound transducer apparatus of the present invention is
capable of providing coverage of specific angular range along
any desired directional span, either horizontal, vertical or any
direction in between per the application requires. The ultra-
sound transducer apparatus of the present invention is able to
achieve this in both the wave radiating and detecting modes of
operation.

[0027] The present invention achieves shaping of the ultra-
sound wave coverage field by an inventive transducer appa-
ratus having at least one cut or thickness reduction area at
designated location on the housing wall. The inventive char-
acteristics housing wall cut or cuts are penetrating cuts, mean-
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ing they cut through the entire wall thickness of the transducer
ultrasound cone over an area with selected shape. On the other
hand, a housing wall thickness reduction area for the trans-
ducer apparatus of the present invention is an area of desig-
nated shape and size over the surface of the housing wall that
has a smaller thickness than the surrounding area of the hous-
ing wall.

[0028] Essentially, location of a penetrating cut or a thick-
ness reduction site on the transducer housing wall is function-
ally related to the wave field shaping characteristics of the
transducer apparatus of the present invention, as will be
described in detail in the following paragraphs via description
to various preferred embodiments of the present invention.

[0029] FIGS. 1A and 1B respectively are views from dif-
ferent perspective of a prior art ultrasound transducer typi-
cally used for vehicle rear proximity monitoring systems. The
transducer of FIGS. 1A and 1B is closely similar to a com-
mercial transducer manufactured such as by Murata Manu-
facturing Company, Ltd. of 10-1, Higashikotari 1-chome,
Nagaokakyo-shi, Kyoto 617-8555, Japan. FIG. 1A illustrates
the generally cylindrical pot-shaped transducer housing 110
of the prior art ultrasound transducer 100. Pot opening 120
opened toward the front lower left of the transducer 100 as
viewed into the drawing reveals a generally elongated and
upright cross-sectional contour of the inner housing wall 130.
This upright elongated cross-sectional contour is better
shown in the perspective view of FIG. 1B as is signified by the
fact that the housing wall at the top and bottom peripheral
locations is thinner than that at the left and right peripheral
locations.

[0030] As described above, although Amaike in U.S. Pat.
No. 6,250,162 used a structured thick-thin configuration over
the bottom portion for his transducer, basic structural con-
figuration of the entire device of FIGS. 1A and 1B is substan-
tially in compliance with a housing inner opening contour
that is vertically wider and horizontally narrower. This allows
the transducer 100 of FIGS. 1A and 1B to shape up an ultra-
sound wave coverage field that is wide horizontally and nar-
row vertically, a characteristic suitable for vehicle rear prox-
imity monitoring systems.

[0031] FIG. 4A is a perspective view of a piezoelectric
transducer in accordance with a preferred embodiment of the
present invention and FIG. 4B is a side elevational view of the
same transducer. The inventive transducer apparatus 400 of
FIG. 4A can be considered to be an implementation of the
fundamental idea of the present invention utilizing the prior
art device 100 of FIGS. 1A and 1B as the basic construction
element.

[0032] Based on the basic structure of the transducer 100,
two cuts 461 and 471 are formed on the cylindrical wall of the
pot-shaped housing 410. As is comprehensible for those in the
art, these cuts 461 and 471 can be formed by machining to the
housing structure of a conventional device, transducer 100 in
this exemplified case, or, the cuts may be formed along with
the formation of the housing 410 for the device.

[0033] In this described embodiment of FIG. 4A, cuts 461
and 471 are elongated slots formed along the peripheral cir-
cumference of the housing 410. Length of each cut can also be
set with flexibility to cope with the targeted wave field shap-
ing requirement. In this illustrated example, cuts 461 and 471
are shown each to be roughly occupying 90 degrees of the
entire periphery of the housing.
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[0034] Moreover, in this described example, cuts 461 and
471 are opposite to each other with respect to the center of the
device 400. Further, cuts 461 and 471 of the device 400 are
also shown to be formed at an axial location on the housing
410 that is close to the bottom surface of the device 400. As is
well known in this art, this bottom surface is where the ultra-
sound generating means, normally a piezoelectric element, is
located. All these structural features of the cuts with respectto
the basic device housing as described are better observed if
reference is made simultaneously to the side elevational view
of FIG. 4B.

[0035] Cuts 461 and 471 formed on the side wall of housing
410 of the inventive device 400 provide improved control
over the effort of shaping the ultrasound wave field for meet-
ing specific application requirement. Experimental results
outlined in FIGS. 9 and 10 clearly evidence this. FIG. 9 is the
wave intensity characteristic diagram of a conventional ultra-
sound transducer for use in commercial vehicle rear proxim-
ity monitoring system, and FIG. 10 shows the characteristics
under the same testing conditions for a transducer made in
accordance with the present invention using the same trans-
ducer tested in FIG. 9 as the basic construction element.

[0036] Ultrasound radiation coverage field of the tested
transducer as shown in FIG. 9 was measured at the frequency
of 40 kHz, typical of many commercial car rear proximity
monitoring systems. The tested device was commercially
designed, made and marketed for this specific application, as
is revealed by the measured characteristics: The horizontal
coverage characteristics indicated by curve 910 shows that at
the cut-off intensity of —3 dB, the tested device covers a
horizontal angular range of about 110 degrees, from —59
degrees at left to +52 right. The vertical coverage at the same
—3 dB level was about 50 degrees, from down —23 degrees to
up +25 as the characteristic curve 920 indicates.

[0037] After machining was applied to the same test trans-
ducer that forms one cut at the lower peripheral circumfer-
ence of the pot-shaped housing substantially the same as that
shown as cut 471 in the exemplified device of FIGS. 4A and
4B, the device became an experimental specimen embodying
the idea of the present invention. The inventive transducer
was then tested under the same setup and under the same test
frequency as that used to obtain the pre-machining test result
of FIG. 9.

[0038] An examination to the test result of FIG. 10 reveals
the fact that the horizontal coverage characteristics, repre-
sented by curve 1010, of the machined transducer was not
altered, still covers about 110 degrees, horizontally from left
—51 degrees to right +59 at —3 dB. However, as a result of
the cut formed on the bottom side of the transducer, the
vertical coverage characteristics had been changed. The ver-
tical coverage range represented by curve 1020 was about 30
degrees, from up +22 degrees to down —8 at —3 dB.

[0039] Note that the upward coverage angle was +22
degrees above the horizontal reference plane, considered the
same as the +24 degrees of the pre-machined device within
experimental tolerances. However, due to the presence of the
cut at the bottom side of the device, the downward coverage
angle (with respect to the horizontal reference plane) become
reduced to —8 degrees.

[0040] This adds up to about 30 degrees vertical coverage,
almost 20 degrees improvement with respect to the 50
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degrees vertical coverage achieved by the device tested in
FIG. 9. Such an improvement is significant for commercial
vehicle rear proximity monitoring applications. Reduced ver-
tical coverage range reduces the probability of false detection
due to the presence of nearby objects close to the rear of the
vehicle but poses no substantial safety hazards.

[0041] As described above, the inventive ultrasound trans-
ducer apparatus tested to result into the coverage character-
istics of FIG. 10 had only one bottom side cut. FIG. 7 shows
another embodiment of the one-cut implementation of the
idea of the present invention. As is shown, the embodiment of
FIG. 7 is an ultrasound transducer 700 featuring a top side cut
761. Such a one-cut transducer features a wave coverage
characteristics that is with reduced top coverage angle when
compared to one without any cut.

[0042] Per the application requirement calls for, the trans-
ducer may also be equipped with a top side cut so that the
coverage range in the vertical direction above the horizontal
reference plane can also be reduced. This will require a two-
cut device, with one cut at the top side and another at the
opposite bottom side. In addition to the depicted embodiment
of FIGS. 4A and 4B, the transducer 800 illustrated in FIGS.
8A, 8B and 8C represents another implementation of the
present invention. Transducer 800 has the basic housing con-
struction the same as transducer 700 of FIG. 7. The exempli-
fied transducer 700 has a substantially pot-shaped housing
710, and with an opening 720 of round-corners and upright
rectangular inner wall contour in cross section.

[0043] FIG. 2 illustrates in perspective another prior art
transducer for ultrasound proximity monitoring systems, and
FIG. 5 is a perspective view of a piezoelectric transducer 500
in accordance with another embodiment of the present inven-
tion. Transducer 500 can be considered to be one made using
the prior art transducer 200 of FIG. 2. Similar to the trans-
ducer 400 of FIGS. 4A and 4B, the transducer embodiment
500 of FIG. 5 also features a pot-shaped housing 510, but with
an opening 520 having a generally round-cornered, upright
rectangular inner wall contour in cross section. The trans-
ducer 500 has two housing wall cuts 561 and 571 located
opposite to each other at the top and bottom side of the
housing 510. This two-cut transducer 500 therefore has a
vertical coverage further narrower than that featured by trans-
ducer 700 of FIG. 7.

[0044] FIG. 3 illustrates in perspective yet another prior art
transducer for ultrasound proximity monitoring systems. By
contrast, the perspective view of FIG. 6 shows yet another
transducer of according to the present invention. Ultrasound
transducer 600 has two cuts 661 and 671 formed on the top
and bottom sides of the housing 610. It is made using a
transducer with multiple disposition piezo oscillators sub-
stantially the same as that disclosed in U.S. Pat. No. 5,446,
332 discussed above as the basic structural element. Essen-
tially the embodiment transducer 600 is made by forming the
top and bottom cuts 661 and 671 into the housing of the prior
art transducer 300 shown in FIG. 3. Vertical coverage of the
inventive transducer 600 of FIG. 6 therefore is relatively
reduced to a narrower angle with respect to the prior art
transducer 300 of FIG. 3.

[0045] Thus, an ultrasound transducer apparatus in accor-
dance with the present invention is able to provide improved
coverage characteristics for meeting specific application
requirements. Shaping of the wave coverage field as featured
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by an ultrasound transducer of the present invention is pos-
sible by forming at least one cut or thickness reduction area at
designated location on the housing wall. Essentially acutora
thickness reduction area on the housing wall of the transducer
pot-shaped structural body results into the reduction of wave
intensity, either radiating or receiving, toward that direction
where the cut or thickness reduction area is located. There-
fore, housing wall cuts or recessed areas formed by the pres-
ence of thickness reduction areas become means for adjusting
shaping of the wave coverage field for that transducer. Note
that a recess formed as a result of the presence of a thickness
reduction area refers to a recess area over the inner surface of
the housing wall.

[0046] While the above is a full description of the specific
embodiments, various modifications, alternative construc-
tions and equivalents may be used. Therefore, the above
description and illustrations should not be taken as limiting
the scope of the present invention, which is defined by the
appended claims.

What is claimed is:

1. An ultrasound transducer apparatus having a pot-shaped
cylindrical housing for radiating ultrasound waves out of a
pot opening of said housing and for receiving ultrasound
waves into said pot opening, said apparatus comprising:

at least one cut on said housing for reducing radiated and
received wave intensity in the coverage field of said
apparatus toward where said at least one cut is located.

2. The ultrasound transducer apparatus of claim 1, wherein
said at least one cut forms an opening penetrating through the
thickness of said housing.

3. The ultrasound transducer apparatus of claim 1, wherein
said at least one cut forms a thickness-reduced area of said
housing.

4. The ultrasound transducer apparatus of claim 3, wherein
said thickness-reduced area is a recessed area over the exter-
nal surface of said housing.

5. The ultrasound transducer apparatus of claim 3, wherein
said thickness-reduced area is a recessed area over the inter-
nal surface of said housing.

6. The ultrasound transducer apparatus of claim 3, wherein
said thickness-reduced area is a recessed area over both the
external and internal surface of said housing.

7. The ultrasound transducer apparatus of claim 1, wherein
said at least one cut is an elongated slot having a length
extending approximately 90 degrees of entire periphery of
said pot-shaped cylindrical housing.
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8. An ultrasound transducer apparatus having a pot-shaped
cylindrical housing for radiating ultrasound waves out of a
pot opening of said housing and for receiving ultrasound
waves into said pot opening, said apparatus comprising:

two cuts located opposite to each other on said housing for
reducing radiated and received wave intensity in the
coverage field of said apparatus toward where said two
cuts are located.

9. An ultrasound apparatus comprising:

atransducer having at least one cut on the transducer hous-
ing for reducing radiated and received wave intensity in
the coverage field of said transducer toward where said
at least one cut is located.

10. An ultrasound transducer comprising:

at least one cut on the housing thereof for reducing radiated

and received wave intensity in the coverage field of said

transducer toward where said at least one cut is located.

11. A vehicle rear proximity monitoring system compris-
ing:

an ultrasound transducer having a pot-shaped cylindrical
housing for radiating ultrasound waves out of a pot
opening of said housing and for receiving ultrasound
waves into said pot opening, said apparatus comprising

at least one cut on said housing for reducing radiated and
received wave intensity in the coverage field of said
apparatus toward

where said at least one cut is located.

12. The vehicle rear proximity monitoring system of claim
11, wherein said at least one cut is toward ground.

13. A vehicle rear proximity monitoring system compris-
ing:

an ultrasound transducer having a pot-shaped cylindrical
housing for radiating ultrasound waves out of a pot
opening of said housing and for receiving ultrasound
waves into said pot opening, said apparatus comprising

two cuts located opposite to each other on said housing
for reducing radiated and received wave intensity in
the coverage field of said apparatus toward where said
two cuts are located.
14. The vehicle rear proximity monitoring system of claim
13, wherein said at least one cut is toward ground.



