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(57) ABSTRACT 

The invention relates to a method and an apparatus for 
recording volume in humans or animals. The method is 
non-invasive, and tWo or more phased-array ultrasound 
transducers are used for the recording of the volume of the 
bladder, Which, in a bell or a Waistband of a pair of trousers, 
are positioned on the same circle, Whose centre is disposed 
above the bladder Whose volume is to be determined. The 
transducers are oriented in such a manner relative to the 
bladder to be measured that the ultrasound signals penetrate 
the surface of the bladder to some extent perpendicularly to 
it, thereby optimizing the signal/noise ratio. The apparatus, 
Which forms part of the invention, contains no mechanically 
movable parts and is therefore sturdy, has a low noise level 
and may easily be poWered by small batteries. The apparatus 
has a low weight and volume and may be used for long term 
monitoring of the volume of the bladder of ambulatory or 
sleeping individuals Without appreciable discomfort. The 
apparatus may be used for giving an alarm When the 
recorded volume of a bladder exceeds a programmable 
maximum, Which may eg be of bene?t to individuals Who 
suffer from urinary nocturnal incontinence. 
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METHOD AND AN APPARATUS FOR RECORDING 
BLADDER VOLUME 

[0001] The invention relates to a method of recording the 
bladder volume in humans or animals. 

[0002] The invention moreover relates to an apparatus for 
recording the bladder volume in humans or animals. 

[0003] The techniques used till noW for determining the 
volume of the bladder in humans or animals comprise the 
generally knoWn image diagnostic techniques based on eg 
magnet resonance (MR), X-ray, nuclear medicine or ultra 
sound. 

[0004] HoWever, it is characteristic of these techniques 
that they call for the use of heavy and large equipment Which 
normally requires that the patient is con?ned to bed during 
the measurement. 

[0005] Ultrasound equipment is available Which can mea 
sure the volume of the bladder in ambulatory patients. This 
equipment is based on the use of a single ultrasound trans 
ducer, Which rotates the transducer over the patient’s bladder 
mechanically by means of a gear system driven by an 
electric motor, such that the entire bladder is scanned, and 
then, via signal processing in a computer, a three-dimen 
sional (3D) reconstruction of the surface of the bladder and 
thereby also the volume of the bladder may be created. 

[0006] The ultrasound measuring equipment driven by an 
electric motor is portable in the sense that the equipment is 
?xed in a belt Which is tightened around the patient on Whom 
measurements are to be performed. The system, hoWever, is 
relatively large and heavy because of the mechanical com 
ponents used for the rotation of the ultrasound transducer 
and therefore not comfortable for the patients to Wear. 

[0007] Also, the bulky structure With the complicated, 
mechanical movements means that the apparatus Will inevi 
tably generate mechanical noise Which may also be unpleas 
ant to the patient. 

[0008] The mechanically complicated structure Will more 
over be vulnerable to external impacts, Which may occur if 
the unit is eg dropped. The complicated structure Will also 
be expensive to manufacture and require relatively great 
current maintenance costs. 

[0009] The operation by an electric motor Will require 
considerable electrical poWer, Which means that batteries for 
the energy supply must be large and heavy, Which in turn 
makes it dif?cult and inconvenient to use the apparatus in 
practice. 

[0010] Thus, it is a problem of the knoWn techniques that 
they cannot be used in practice for long term monitoring of 
ambulatory patients, Which is a great clinical need, eg in 
connection With the evaluation of the effect of recently 
developed medicine. 

[0011] Both in a research and a clinical connection there is 
a great need for long term monitoring of the bladder volume 
in patients Where it is attempted to diagnose various bladder 
and urinary tract disorders. 

[0012] Another great need for long term monitoring of the 
volume of the bladder With a user-friendly easily portable 
apparatus is found in patients Who suffer from involuntary 
nocturnal incontinence. 
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[0013] If these individuals could be equipped With a small, 
simple and non-hampering measuring device Which could 
measure the volume of the bladder continuously and emit a 
signal When the bladder reached a preselected maximum 
volume, the individuals Would have an alarm that Woke them 
before the urinary incontinence Was initiated, so that the 
individuals could urinate in time and thereby avoid the 
inconvenience of the otherWise occurring urinary inconti 
nence. 

[0014] Urinary nocturnal incontinence is a great problem 
for up to 15% of all children aged 3-10 years. 

[0015] It is an object of the present invention to enable 
continuous measurement of the volume of the bladder in 
humans or animals Who or Which move about free and easy 
or are at sleep. 

[0016] The object of the invention is achieved by a method 
of the type de?ned in the introductory portion of claim 1, 
Which is characteriZed in that the recording takes place on 
the basis of analysis of signals from tWo or more ultrasound 
transducers Which are arranged in a portable ?xture, such as 
a belt or a Waistband of a pair of trousers, Which is attached 
to the individual being measured, and in that each trans 
ducer, by signal sWeep, images a plane in the body of the 
individual being measured, Which in one dimension, runs 
radially from each individual transducer to the centre of a 
circle on Which all the transducers are positioned. 

[0017] Expediently, as stated in claim 2, the transducers 
used are ?xed mechanically as phased-array units. 

[0018] Thus, use of a phased-array ultrasound transducer 
is involved, Which is characteristic in that it does not contain 
mechanically moveable components, but are composed of 
several ultrasound units, typically of pieZoelectric crystals, 
arranged in parallel. Thus, Without mechanically movable 
parts, a phased-array ultrasound transducer may perform 
scanning in a plane, in the longitudinal direction, in Which 
the pieZoelectric crystals are arranged, by individual exci 
tation of the individual crystals With a time delay betWeen 
each excitation. The scanning is performed betWeen tWo 
extreme angles Which are determined by the time delay 
betWeen the excitations of the individual crystals. 

[0019] The mechanically ?xed transducers are arranged in 
the portable ?xture as de?ned more fully in claims 3-4. In 
other Words, in such a manner that the scanning planes of the 
transducers, Which are the region in Which the ultrasound 
signals are emitted and detected after re?ection from tran 
sitions betWeen tissues of different density, cover the bladder 
of the individual. 

[0020] When, as stated in claim 5, the signals from the 
ultrasound transducers are processed in an electronic circuit 
Which is integrated in the ?xture, and Which calculates the 
volume of the bladder and is capable of emitting a signal if 
the volume exceeds a preselected maximum, it is advanta 
geously ensured that it is possible to preselect a maximum 
volume for the bladder Which, if exceeded, triggers an alarm. 

[0021] As mentioned, the invention also relates to an 
apparatus. 

[0022] This apparatus is characteriZed in that the apparatus 
contains tWo or more mechanically ?xed ultrasound trans 
ducers of the phased-array type, and in that each transducer, 
by signal sWeep, images a plane in the body of the individual 
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being measured, Which, in one dimension, is described by a 
line extending through the transducer and the central line 
extending through the centre of a circle line on Which the 
transducer is positioned, said transducers being arranged in 
a portable ?xture, such as a belt or a Waistband of a pair of 
trousers, Which may be attached to the individual being 
measured, as Well as a calculation unit Which is capable of 
calculating the volume of the bladder on the basis of the 
signals from the ultrasound transducers. 

[0023] As stated in claim 7, the apparatus may contain tWo 
transducers Which are positioned on a common circle line 
With a spacing of 90°, Whereby the scanning planes for the 
transducers can cover the entire bladder, alloWing subse 
quent 3D reconstruction of the external shape and volume of 
the bladder. 

[0024] As stated in claim 8, the apparatus may also be 
provided With three or more phased-array ultrasound trans 
ducers Which are positioned equidistantly on a common 
circle line. 

[0025] When, as stated in claim 9, the transducers are 
positioned on a common circle line in such a manner that 
lines of sight pointing perpendicularly out from the centre of 
the active surface of each transducer in a direction toWard 
the object to be measured, Will extend through the same 
point on the centre line extending through the centre of the 
circle on Which all the transducers are positioned. 

[0026] As stated in claim 10, the ?xture of the apparatus 
has integrated therein electronic circuits Which are used for 
controlling the transducers and for processing the signals 
from the transducers, Which electronic circuits may be 
connected to an input medium, such as a keyboard, and an 
output medium, such as a sound generator or vibrator, 
thereby alloWing the recorded signals to be processed. In 
addition, the electronic circuits may input and output data, if 
the input and output media are connected thereto. The 
electronic circuits may thus be used for emitting eg an 
acoustic alarm signal, if the bladder volume exceeds a 
preselected maximum. 

[0027] When, as stated in claim 11, the belt has integrated 
therein electronic circuits Which are capable of Wirelessly 
communicating With external units, such as computers or 
mobile telephones, the keyboard of the mobile telephone 
may eg be used as an input medium for inputting data, eg 
to describe hoW large the volume of a bladder must be as a 
basis for the triggering of an alarm. 

[0028] In the example involving communication With a 
mobile telephone, an alarm signal may of course also be 
given via the mobile telephone in the form of a call or 
vibrator activation. 

[0029] The invention Will noW be explained more fully 
With reference to the draWing, in Which 

[0030] FIG. 1 shoWs the torso of an individual With an 
attached apparatus having a total of seven ultrasound trans 
ducers for recording the volume of the bladder, 

[0031] FIG. 2 shoWs an example of the positions of seven 
transducers for recording the bladder volume, 

[0032] FIGS. 3.1, 3.2 shoW the transducer arrangement of 
FIG. 2 in an enlarged section illustrating the structure of the 
individual phased-array ultrasound transducers in detail, 
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[0033] FIG. 4 shoWs the scanning planes from tWo 
selected transducers from a measuring apparatus that con 
tains seven identical phased-array ultrasound transducers, 

[0034] FIG. 5 shoWs a cross-section of the body of an 
individual Whose bladder volume is measured using phased 
array ultrasound transducers. The ?gure shoWs the scanning 
plane in the body of the individual for one transducer. 

[0035] FIG. 6 shoWs a cross-section of the body of an 
individual Whose bladder volume is measured in accordance 
With the present invention. The ?gure shoWs hoW all the 
transducers are directed toWard the same point in the body 
of the individual being measured, While 

[0036] FIG. 7 shoWs the position of the transducers in the 
situation Where precisely tWo transducers are used. 

[0037] FIG. 1 shoWs the torso of an individual 1 Who is to 
have his bladder volume recorded. With this end in vieW, the 
individual is provided With a ?xture in the form of a belt 2, 
Which may also be integrated in the Waistband of the pants. 
The apparatus 3 for the bladder measurement is arranged in 
the belt, based on a plurality of identical ultrasound trans 
ducers 4 of the phased-array type. 

[0038] It is characteristic of the phased-array ultrasound 
transducers that these can perform a scanning sWeep in a 
plane Without mechanical rotation of the transducer, as the 
transducer is composed of multiple pieZoelectric crystals 
arranged in parallel Which are capable of emitting signals in 
various angles by time delayed, individual excitation in a 
plane. 

[0039] The ?xture, in Which the apparatus is mounted, is 
positioned such that the centre of the transducers is present 
at the mass centre of the bladder. 

[0040] An enlarged section of the transducers of FIG. 1 is 
shoWn in FIG. 2, Where, as Will be seen, there is a total of 
seven identical transducers 4 Which are disposed equidis 
tantly on the same circle 5 having a centre 6 Which is 
intended to be positioned at the mass centre of the bladder 
being measured. When three or more transducers are used, 
it is optimum in terms of measuring that the transducers are 
positioned equidistantly on the circle 5. This provides the 
best imaging of the bladder, as the scanning planes from the 
individual transducers are distributed as best as possible, 
thereby achieving the best distribution of input data in a 
polar system of coordinates. Of course, it is Without impor 
tance Whether the data collection takes place in polar or 
Cartesian coordinates, it being simple to transform betWeen 
the tWo forms of coordinates so that these may be used freely 
Where it is most expedient. 

[0041] It is a prerequisite for the measurement of the 
bladder volume to operate expediently that the scanning 
planes of the ultrasound transducers are coordinated. FIG. 
3.1 shoWs the positions of seven transducers in a measure 
ment setup, and a section of a transducer 4A of the identical 
transducers is shoWn in an enlarged vieW in FIG. 3.2. The 
phased-array transducers scan in a plane Which extends in 
the same direction as the one in Which the pieZoelectric 
crystals 7 are positioned side by side. In FIG. 3.1, the 
transducer 4A, a section of Which is shoWn in an enlarged 
vieW in FIG. 3.2, Will scan in a plane Which extends along 
the line betWeen the transducer 4A and the common centre 
6. Thus, it is a prerequisite for the optimum operation of the 
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measurement setup that all the transducers are oriented such 
that they scan in a plane Which follows the radius from the 
common centre 6 to the central axis of the individual 
transducers. As mentioned, the scanning planes folloW the 
draWn tracks 7 and propagate in the other dimension into the 
body of the individual being measured. 

[0042] It is shoWn in FIG. 4 hoW the scanning planes 
extend from tWo arbitrarily selected transducers from a 
measurement system of seven transducers. The scanning 
planes of the tWo transducers are shoWn in BA and 8B, 
respectively, and, for each transducer, folloW the previously 
mentioned radius line that extends from the central axis of 
the individual transducers to the common centre 6. 

[0043] FIG. 5 shoWs a section of the body 1 of the 
individual Where the volume of the bladder 9 is to be 
recorded. TWo transducers 4A and 4B and the scanning lines 
10 in the body 1 of the individual, shoWn for the transducer 
4A, are draWn in the ?gure. 

[0044] Tests have shoWn that the best result of an ultra 
sound scanning of the bladder Is achieved in the scanning 
planes Where the scanning lines penetrate the surface of the 
bladder perpendicularly relative to it. After image recon 
struction, this gives the most informative image of the 
bladder With a minimum of shadoWs that blur otherWise 
essential image information. 

[0045] A perpendicular penetration of ultrasound signals 
relative to the surface of the bladder thus gives a better 
signal/noise ratio than images Which are reconstructed on 
the basis of ultrasound signals Which have not penetrated the 
bladder perpendicularly relative to the surface of the bladder. 

[0046] It is part of the present invention to optimiZe the 
signal/noise ratio in the signals Which are used for calculat 
ing the volume of the bladder by expedient orientation of the 
surface of the individual transducers relative to the bladder 
to be measured. FIG. 6 shoWs a schematic section of FIG. 
5, Where tWo transducers 4A and 4B are arranged on the 
body 1 for the purpose of imaging the bladder 9. As 
mentioned before, the transducers are disposed on a circle 
having a centre through Which a central axis 11 is draWn in 
FIG. 6, said central axis having the same spacing from all 
the transducers at all points. To achieve the optimum posi 
tion of the transducers, these are oriented such that the 
central lines 12A and 12B, Which extend through the centre 
of the transducers, Will intersect the central axis 11 at the 
same point in a direction toWard the bladder 9 Whose volume 
is to be recorded. The shoWn orientation of the transducers 
ensures that each transducer scans the bladder at an 

intended, right angle relative to the surface of the bladder 
With the consequent positive in?uence on the signal/noise 
ratio. 

[0047] In the case Where just tWo transducers are used, it 
is not optimum, hoWever, to position these equidistantly on 
the circle 5. FIG. 7 shoWs the optimum position of tWo 
transducers 4A and 4B Which, as shoWn, are positioned 90 
degrees offset relative to each other, cf. angle 14. When just 
tWo transducers are used, the 90 degrees offset position Will 
cause the scanning planes from the tWo transducers to be 
perpendicular to each other. This ensures that the scanning 
planes may be related to their respective axes in a Cartesian 
system of coordinates corresponding to eg the X-axis and 
the Y-axis, the third axis being common to both scannings 
from Which it is prior art to reconstruct a 3D image. 
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[0048] The apparatus according to the present invention 
may advantageously comprise electronic circuits for con 
trolling the transducers, including excitation of these as Well 
as data collection from them. Electronic circuits in the form 
of signal processors or microprocessors Will be capable of 
calculating the volume of the bladder on the basis of 
algorithms Which are simple to develope for a person skilled 
in the art. 

[0049] By connecting an input medium, eg in the form of 
a keyboard, the apparatus may be pre-programmed, also to 
emit a signal When the volume of the bladder exceeds an 
optional level. 

[0050] Also, the apparatus may advantageously be 
equipped With electronic circuits for Wireless communica 
tion With external units, such as computers or mobile tele 
phones. 
[0051] When the apparatus is connected Wirelessly to 
external units, data may be exchanged betWeen these, Which 
alloWs remote-controlled programming of the apparatus and 
alarm to the external units. 

[0052] Since the apparatus does not contain energy-inten 
sive mechanical and electromechanical components, the 
apparatus may be poWered by small and light-Weight bat 
teries. 

[0053] The described invention enables continuous moni 
toring of the bladder volume in ambulatory or sleeping 
individuals. 

[0054] The measurements are substantially Without dis 
comfort to the users because of the loW Weight and the small 
volume. Since the apparatus does not contain mechanical 
gears or electric motors, it is noise-free and sturdy as Well as 
simple and inexpensive to manufacture. 

1. A method of recording the bladder volume in humans 
or animals, characteriZed in that the recording takes place on 
the basis of analysis of signals from tWo or more ultrasound 
transducers Which are arranged in a portable ?xture, such as 
a belt or a Waistband of a pair of trousers, Which is attached 
to the individual being measured, and in that each trans 
ducer, by signal sWeep, images a plane in the body of the 
individual being measured, Which in one dimension, runs 
radially from each individual transducer to the centre of a 
circle on Which all the transducers are positioned. 

2. Amethod of recording the bladder volume according to 
claim 1, characteriZed in that the transducers used re ?xed 
mechanically as phased-array units. 

3. Amethod of recording the bladder volume according to 
claim 1 or 2, characteriZed in that a central line passing 
through the centre of the circle perpendicularly to the circle 
face Will extend through the mass centre of the bladder in the 
individual being measured. 

4. Amethod of recording the bladder volume according to 
claim 3, characteriZed in that the transducers are positioned 
such that lines of sight draWn perpendicularly out from the 
centre of the measuring face for each transducer Will extend 
through the same point on the central line of the circle on 
Which the transducers are positioned, in a direction toWard 
the bladder Which is to be measured. 

5. Amethod of recording the bladder volume according to 
one or more of claims 1-4, characteriZed in that the signals 
from the ultrasound transducers are processed in an elec 
tronic circuit Which is integrated in the ?xture, and Which 
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calculates the volume of the bladder and is capable of 
emitting a signal if the volume exceeds a preselected maxi 
mum. 

6. An apparatus for recording the bladder volume in 
humans or animals, characteriZed in that the apparatus 
contains tWo or more mechanically ?xed ultrasound trans 
ducers of the phased-array type, and in that each transducer, 
by signal sWeep, images a plane in the body of the individual 
being measured, Which, in one dimension, is described by a 
line extending through the transducer and the central line 
extending through the centre of a circle line on Which the 
transducer is positioned, said transducers being arranged in 
a portable ?xture, such as a belt or a Waistband of a pair of 
trousers, Which may be attached to the individual being 
measured, as Well as a calculation unit Which is capable of 
calculating the volume of the bladder on the basis of the 
signals from the ultrasound transducers. 

7. An apparatus for recording the bladder volume accord 
ing to claim 6, characteriZed in that tWo transducers are 
positioned on a common circle line With a spacing of 90 
degrees. 

8. An apparatus for recording the bladder volume accord 
ing to claim 6, characteriZed in that three or more transduc 
ers are positioned equidistantly on a common circle line. 

9. An apparatus for recording the bladder volume accord 
ing to claim 6, 7 or 8, characteriZed in that the transducers 
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are positioned on a common circle line in such a manner that 

lines of sight pointing perpendicularly out from the centre of 
the active surface of each transducer in a direction toWard 
the object to be measured, Will extend through the same 
point on the central line extending through the centre of the 
circle on Which all the transducers are positioned. 

10. An apparatus for recording the bladder volume 
according to one or more of claims 6-9, characteriZed in that 
the ?xture has integrated therein electronic circuits Which 
are used for controlling the transducers as Well as processing 
the signals from the transducers, Which electronic circuits 
may be connected to an input medium, such as a keyboard, 
and an output medium, such as a sound generator or vibrator. 

11. An apparatus for recording the bladder volume 
according to one or more of claims 6-10, characteriZed in 
that the belt has integrated therein electronic circuits Which 
are capable of Wirelessly communicating With external units, 
such as computers or mobile telephones. 

12. An apparatus for recording the bladder volume 
according to one or more of claims 6-11, characteriZed in 
that the apparatus is poWered from batteries Which are 
integrated in the ?xture, and Which may be rechargeable. 


