US 20190223832A1

a9y United States

12 Patent Application Publication o) Pub. No.: US 2019/0223832 A1

Bogineni et al, 43) Pub. Date: Jul. 25, 2019
(54) FETAL ULTRASOUND MONITORING (52) US. CL
METHOD AND SYSTEM CPC ..o A61B 8/0866 (2013.01); A61B 8/02
(2013.01); A61B 5/02411 (2013.01); A6IB
(71) Applicant: General Electric Company, 5/4362 (2013.01)
Schenectady, NY (US)
(72) Inventors: Kiran Kumar Bogineni, Bangalore
(IN); Ravi Jaiswal, Bangalore (IN); G7) ABSTRACT
Shruti Gadgil, Bangalore (IN); Jay
Mehta, Bangalore (IN) A method of fetal ultrasound monitoring includes detecting
(73) Assignee: General Electric Company, contact of a first ultrasound transducer to a mother’s abdo-
Schenectady, NY (US) men based on input from a contact sensor in the first
) ultrasound transducer. A first transducer ID is received from
(21)  Appl. No.: 15/877,003 the first ultrasound transducer, and then the first transducer
(22) Filed: Jan. 22, 2018 ID is correlated with a first transducer label. A first heart rate
L o is measured based on output of an ultrasound device in the
Publication Classification first ultrasound transducer, and a heart rate indicator is
(51) Int. CL displayed accordingly. A position of the first ultrasound
A61B 8/08 (2006.01) transducer is identified in a two-dimensional plane, and the
A61B 5/00 (2006.01) first transducer label is displayed on an abdomen image
AGIB 5/024 (2006.01) based on the first position.
10 12
\ { 200
)
User interface Computing
system
16|~ Display Trans 1J4
device g
fracking
4 18 module
M
2’0 25
|dentifier
unit
| Color
29[ LED Ultrasound Controller |-

transceiver |- 5,

248 g7 24

Abhdomen
3

27b 24b



US 2019/0223832 Al

Jul. 25,2019 Sheet 1 of 10

I "©Old

e
uswopqy

are ql¢ ve e/e

¢ / ’
LTS

b¢ —IJaamosuen
44 punosexn
J9jjou0) a3
ez o4 1 | 62

2 lojon
\_[s3unusp] Y,

Patent Application Publication

sz 0z

Y
0

ainpow 1247 JT

Ll
Bunjoen
1 sueil »{| 20lhep
14 Aejdsiq 91
wolsAs
Bupndwon @oepeul Jos
! C
00Z ) AN

cl 0l



US 2019/0223832 Al

Jul. 25,2019 Sheet 2 of 10

Patent Application Publication

o

Jojeoiput yibuans [eubig

¢ Old

w.v P

Jojesipul ).l uesy [e1e-

80¢

O.V\/\

abew uswiopqy

@MH\/\

ejep punoseqin

ve

UOHBLLLIOJUI UOIISOd

e

Jo}edIpul JoBjJUOD

Communication
I/F

o

al Jeonpsuel |

00¢ wieysAs Buissanoid

v

a|npow
Bupoes
leonpsuel]

20z elemyos

¥0Z ¢z ] welshs obeioyg

Computing

system

oL—

00c




US 2019/0223832 Al

Jul. 25,2019 Sheet 3 of 10

Patent Application Publication

A
AN
ecy
VA

A

ecy |

Ly
egy -

€ Old

_1eonpsues
___108Uu0)

| — —EHHA

_  Joonpsuey;
___Jo8uuon

- CdHd

~ 02l

LeHA

Sy S Gy

\

09 O

* @ O O

EEE no no
ez I P e
“egy
Yol JIemo] YyBu Jomo]

@

X

ya| Jaddn

€dH4d <2YH4d

o | S

ybu seddny

bdHA

N—

4

eLy

ge

Ll




US 2019/0223832 Al

Jul. 25,2019 Sheet 4 of 10

Patent Application Publication

e

= D
= Y
gm o o
Alddy % PxL  pXL
“egy
ya| Jamon 1YBu 1emo
Jaonpsue.) @
109UU0D
€HHA op
Jaonpsueld eLy
Eer=11]1le%g} yo| Jeddn b Jeddn
¢yH4 X €¥Hd  ZuH4
oclL
LHHA
4 /
\
LL

M,/_M\ =
e
,,,,,, = ==
/ S\
e SN\

Y
° eseZ
\ B0Z — 4
/N S
/
MH\ \\\\\




US 2019/0223832 Al

Jul. 25,2019 Sheet 5 of 10

Patent Application Publication

o8y |
ey

agy |

qcvy-

egy

G-

ol

——C€l

[ —€dH4d

——Ccvl

——ZdHd

~_0cl

LHHA

egy

q9v

= "
.ﬂm
i

o9
I
ik

X

9| Jaddn

T ubu
cHHA ZMHA

Jaddn

“egy

Bl

eLy

8¢t~

Ll




US 2019/0223832 Al

Jul. 25,2019 Sheet 6 of 10

Patent Application Publication

yAal

il

Al

9 'Old

usj Jaddn

Emz Jaddn

&  €uHd 2TyHd
\ )

ecy

ge

Xl i} i\\\\&s
T, T
\\M\x\\i&ﬂ!i“l‘/ ///
T e
\\ g 1///
7 ///////
S
<
7
A \\
o rd
V/ KKKKK - e
S




US 2019/0223832 Al

Jul. 25,2019 Sheet 7 of 10

Patent Application Publication

Ly

VA4
agy

A

egy

Z Ol

ey |

[0

US| Jamo]

W

1yBu Jomo

—— €HHA
1esy
- Wﬁu—‘ yo| Jeddn WBu 1addn
| ZyH4 ®
| ozl
o e
ﬂg\ LYHA \
\\ .
g Ll

X\\\\\W\“Ms{hﬂnﬂ/ — //w
NP ——
s N
~ 7962 NN
U‘l\\ o -
y o6¢
-, e ege
N ¢ %0z |
q0c¢
e B0z
Wty S
o _




US 2019/0223832 Al

Jul. 25,2019 Sheet 8 of 10

Patent Application Publication

i

es—
ecy

8 Old

8¢"




Patent Application Publication

Detect connection of first
transducer to monitor

All contact
sensors indicate
contact?

Jul. 25,2019 Sheet 9 of 10 US 2019/0223832 Al
/”" 80
.82
85
’
Wait for contact

Measure first heart rate

\

Receive first transducer
ID from first transducer

88

Identify position of
first transducer

90

\

Determine a first
transducer label

Correlate first transducer

with first transducer label

ID with first transducer |— 94
label
Display first heart rate
indicator with first |96
transducer label
Display abdomenimage | g8

FIG. 9



Patent Application Publication  Jul 25,2019 Sheet 10 of 10  US 2019/0223832 Al

/80
4

Present transducer icons on
display for user placement 100
on an abdomen image

i
Receive user input indicating | 102
final placement

'

Determine relative position of
each transducer icon in x-y - 104
plane of abdomen image

y
Identify transducer position for
each transducer where contact |- 106

sensor indicates contact

'

Present transducer labelson | 108
display for user placement

Receive user input indicating 110
final placement

Correlate transducer IDs and 112
positions with transducer labels

FIG. 10



US 2019/0223832 Al

FETAL ULTRASOUND MONITORING
METHOD AND SYSTEM

BACKGROUND

[0001] The present disclosure generally relates to a
method and system for fetal ultrasound monitoring, and
more specifically to a fetal ultrasound monitoring system
and method that tracks and displays position of fetal ultra-
sound transducers.

[0002] Fetal ultrasound monitoring of infant heart rate is a
common infant monitoring technique to monitor and track
an infant’s health and current condition. Infant heart rate
monitoring via a fetal ultrasound monitor, also known as
cardiotocography (CTG), is a common technical means of
recording fetal heartbeat and to assess fetal wellbeing, such
as before or during labor. Such fetal heart rate monitoring
typically occurs over a relatively long monitoring period,
often lasting several hours or more. The monitoring period
may be continuous, or may be several intermittent monitor-
ing periods where the fetal heart rate is calculated from fetal
heart motion measured by ultrasound.

SUMMARY

[0003] This Summary is provided to introduce a selection
of concepts that are further described below in the Detailed
Description. This Summary is not intended to identify key or
essential features of the claimed subject matter, nor is it
intended to be used as an aid in limiting the scope of the
claimed subject matter.

[0004] In one embodiment, a method of fetal ultrasound
monitoring includes detecting contact of a first ultrasound
transducer to a mother’s abdomen based on input from a
contact sensor in the first ultrasound transducer. A first
transducer ID is received from the first ultrasound trans-
ducer, and then the first transducer ID is correlated with a
first transducer label. A first heart rate is measured based on
output of an ultrasound device in the first ultrasound trans-
ducer, and a heart rate indicator is displayed accordingly. A
position of the first ultrasound transducer is identified in at
least a two-dimensional plane, and the first transducer label
is displayed on an abdomen image based on the first posi-
tion.

[0005] In one embodiment, a fetal ultrasound system
includes one or more fetal ultrasound transducers, a monitor,
and a display device. FEach fetal ultrasound transducer
includes an ultrasound device configured to generate sound-
waves in the ultrasonic range and convert reflected sound-
waves into ultrasound data for detecting a fetal heartbeat.
Fach fetal ultrasound transducer further includes a contact
sensor configured to sense contact with a mother’s abdomen
and generate a contact indicator. Each ultrasound transducer
also includes a transducer identifier unit that communicates
a transducer ID. The monitor is configured to receive the
ultrasound data, the contact indicator, and the transducer 1D
from the one or more ultrasound transducers. The monitor
comprises a transducer tracking module software executable
on a processor to generate a transducer label for each of the
one or more fetal ultrasound transducers and associate the
transducer ID for each fetal ultrasound transducer with the
respective transducer label. A fetal heartrate is determined
based on the ultrasound data and a corresponding heart rate
indicator is determined. A position of each of the one or
more fetal ultrasound transducers is identified. An abdomen
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image is generated with transducer labels positioned thereon
based on the position of each of the one or more fetal
ultrasound transducers. A display device is configured to
display the abdomen image with the transducer label for
each of the one or more fetal ultrasound transducers, and to
display the fetal heart rate indicator in association with the
respective transducer label.

[0006] Various other features, objects, and advantages of
the invention will be made apparent from the following
description taken together with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The present disclosure is described with reference
to the following Figures.

[0008] FIG. 1 is a schematic diagram depicting one
embodiment of a fetal ultrasound system.

[0009] FIG. 2 is a schematic diagram of an exemplary
computing system in a fetal ultrasound system.

[0010] FIGS. 3-8 depict exemplary embodiments of a user
interface for a fetal ultrasound system, and corresponding
methods of conducting fetal ultrasound monitoring.

[0011] FIGS. 9-10 depict exemplary methods, or portions
thereof, of fetal ultrasound monitoring.

DETAILED DESCRIPTION

[0012] Through their research and experience in the rel-
evant field, the present inventors have recognized that chal-
lenges currently exist in the field of fetal heart rate moni-
toring relating to consistently tracking a fetal heart rate over
a long monitoring period, such as spanning several hours.
For example, mothers often require disconnection from a
fetal heart rate monitor, such as to use the restroom, take a
bath, etc. When the mother returns and is reconnected to the
fetal heart rate monitor, positioning of the fetal ultrasound
transducer on the mother’s abdomen must be re-performed,
as there is no tracking of placement of the ultrasound
transducers from the previous monitoring session. More-
over, this problem is exaggerated in the case of multiples—
e.g., twins, triplets, or more—where there is no way for
clinicians to identify how the transducers were arranged on
the mother’s abdomen and which fetal ultrasound transducer
was associated with which baby. Accordingly, transducer
often get swapped, and thus the heartbeat tracings between
monitoring sessions are not properly compared and the
reliability and accuracy of fetal heart rate monitoring over
the entire monitoring period is compromised.

[0013] Upon recognition of the foregoing problems and
challenges in the relevant art of fetal heart rate monitoring,
the inventors developed the disclosed system and method
that allows position tracking of fetal heart rate transducers,
such as between monitoring periods or between entirely
separate monitoring sessions (e.g., conducted during differ-
ent visits). The disclosed system and method identify the
position of each ultrasound transducer attached to the moth-
er’s abdomen and associate a transducer ID provided by
each fetal ultrasound transducer with the corresponding
position. The system further creates and displays an abdo-
men image with transducer labels positioned thereon based
on the position of each of the one or more fetal ultrasound
transducers.

[0014] FIGS. 1 and 2 depict one embodiment of a fetal
ultrasound system 10 including a fetal ultrasound transducer
20 connected to a mother’s abdomen 3 for monitoring fetal
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heart rate. Although FIG. 1 shows only one fetal ultrasound
transducer 20, it should be understood that the fetal ultra-
sound system 10 may include any number of one or more
fetal ultrasound transducers 20, each having the elements
depicted and described with respect to FIG. 1. Each fetal
ultrasound transducer 20 includes an ultrasound device 21,
such as an ultrasound transceiver configured to generate
waves in the ultrasonic range, to sense reflected sound waves
and generate corresponding electrical signals that comprise
ultrasound data for detection of fetal heartbeat. To provide
just one exemplary embodiment, the ultrasound device 21
may be a single piezoelectric transceiver comprised of a
number of piezoelectric crystals distributed across the
device. In other embodiments, the ultrasound device 21 may
comprise separate ultrasound transmitters and receivers,
each being a separate set of piezoelectric crystals.

[0015] The fetal ultrasound transducer further includes
one or more contact sensors 27 configured to sense contact
with patient’s skin and generate a contact indicator 32 based
thereon. For example, the contact sensor 27 may comprise
one or more capacitive sensors 27a, 275 positioned at
opposing ends of the contact surface 24 of the ultrasound
transducer 20. In such an embodiment, the contact indicator
32 includes a capacitance measured by each of the respec-
tive capacitive contact sensors 27a, 275, and determines that
the fetal ultrasound transducer 20 is connected to the moth-
er’s abdomen 3 when less than a threshold capacitance is
detected by both capacitive sensors 27a, 27b.

[0016] The fetal ultrasound transducer 20 is configured to
connect to a monitor 12. In the depicted embodiment, the
transducer physically connects to the monitor 12 by con-
necting transducer plug 28 of the fetal ultrasound transducer
20 to a transducer receiver 18 in the monitor 12. In embodi-
ments containing more than one fetal ultrasound transducer
20, each fetal ultrasound transducer 20 may have a separate
transducer plug 28 that is received by or mates with a
separate transducer receiver 18 in the monitor 12. In other
embodiments, communication between the fetal ultrasound
transducer 20 and the monitor 12 may be via wireless means,
such as via any known wireless communication protocol. In
such an embodiment, the fetal ultrasound transducer 20 may
further comprise a wireless receiver/transmitter that com-
municates with a receiver/transmitter in the monitor 12. In
such an embodiment, the monitor may comprise a separate
receiver/transmitter for each fetal ultrasound transducer 20,
or a receiver/transmitter that communicates with all ultra-
sound transducers 20 wirelessly communicating with the
monitor 12.

[0017] The ultrasound transducer 20 further includes a
transducer identifier unit 23 that communicates a transducer
1D 30 to the monitor 12. The transducer identifier unit 23
may be, for example, a set of information stored and
accessible at a certain location in the non-volatile memory of
each transducer 20. In other embodiments, the identifier unit
23 may be a separate device, such as an ID chip, that
provides the transducer ID 30 by either wireless or wired
means. In certain examples, the transducer ID 30 comprises
a vendor ID, a product ID, and a unique serial number
generated and programmed into the device by the manufac-
turer. The product ID may, for example, contain information
regarding the colored LED 29 contained in the particular
transducer 20. Such information may be provided to the
monitor 12 by any communication means and/or protocol,
such as via a USB interface with the monitor 12.
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[0018] The monitor 12 receives the ultrasound data 36, the
contact indicator 32, and the transducer ID 30 from the one
or more ultrasound transducers 20 connected thereto (e.g.,
by either wired or wireless means). The monitor 12 includes
software comprising a transducer tracking module 14
executable on a processor to track the respective ultrasound
transducers 20. The transducer tracking module 14 may
execute steps to generate a transducer label 41, 42, 43 for
each ultrasound transducer 20, and associate the transducer
ID 30 with a respective transducer label 41, 42, 43, as
explained in more detail below. The transducer tracking
module 14 further identifies a position of each of the one or
more fetal ultrasound transducers 20 connected to the moni-
tor 12, and associates the respective transducer ID and
transducer label 41, 42, 43 therewith. The transducer track-
ing module 14 generates an abdomen image 40 with the
transducer labels 41, 42, 43 positioned thereon to visually
represent the placement of the ultrasound transducers 20 on
the patient’s abdomen.

[0019] The monitor 12 includes or is associated with a
display device 17 comprising part of a user interface system
16 including a display device 17 configured to display the
abdomen image 40 with the transducer label 41, 42, 43 for
each of the one or more fetal ultrasound transducers 20q,
206, 20c. The display device 17 is also configured to display
a fetal heart rate indicator 48 in association with the respec-
tive transducer label 41, 42, 43 for that fetal ultrasound
transducer 20. In the depicted embodiment, the display
device 17 is a touch screen display allowing user input as
interaction with the user interface display 38. The display
device 17 may include any type of touch screen interface
layered on top of the electronic visual display of the display
device 17, such as a capacitive touch screen panel, a resistive
touch screen panel, or other touch screen technology.

[0020] In certain embodiments, each ultrasound trans-
ducer 20 may include an illuminable device 29, such as a
colored LED 29. In certain examples, each ultrasound
transducer 20 attached to the monitor 12 displays a different
color light than the other transducers attached to the same
monitor 12. In other embodiments, the illumination device
29 may comprise of a different type of illuminable device or
may comprise multiple colored LEDs that are selectively
illuminable by the controller 22 within the respective fetal
ultrasound transducer 20. For example, the illumination
device 29 may be illuminable in at least two different colors,
and the controller 22 may be configured to control the
illumination device to select one of the at least two different
colors based on the transducer label 41, 42, 43 assigned
thereto. To provide just one example, the illumination device
2 may comprise multiple different colored LEDs, one of
which may be selected and illuminated to correspond with
the transducer label 41, 42, 43 assigned by the transducer
tracking module 14 to that particular fetal ultrasound trans-
ducer 20. Thereby, the illumination device 29 may be
illuminated in a color to correspond to the color for the
respective ultrasound transducer provided on the user inter-
face display 38. Thereby, each respective fetal ultrasound
transducer is visually associable with the abdomen image 40
and the transducer labels 41, 42, 43 provided thereon.

[0021] In certain embodiments, each of the one or more
fetal ultrasound transducers 20 may comprise a position
sensor 25 configured to measure position information 34 of
that fetal ultrasound transducer within a two-dimensional
plane or a three-dimensional space. Thereby, the position of
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each of the fetal ultrasound transducers is automatically
determined based on the position information 34 measured
by the position sensor 25. In one exemplary embodiment,
the position sensor 25 may be an electromagnetic transmit-
ter/receiver in each transducer 20qa, 205, 20c that commu-
nicate to determine a relative location among the transducers
20a, 205, 20c. To provide just one example, each position
sensor 25 may include an ultrasonic transmitter/receiver that
selectively transmits and receives ultrasonic pulses to the
position sensor(s) in other transducers 205, 20c. Alterna-
tively or additionally, the position sensors 25 may include an
inertial measurement unit (IMU) containing a triad of gyro-
scopes and triad of accelerometers and measuring linear and
angular motion. Accordingly, the position information 34
may include IMU data providing position information in
three-dimensional space, and relative position information
consisting of two-dimensional distance information describ-
ing position relative to one or more other of the ultrasound
transducers.

[0022] Inother examples, the position sensor 25 may be an
IR-based optical sensor embedded within each transducer
20. Each infrared (IR) position sensor 25 transmits and
receives IR data. Based on the reflective intensity measured
using the optical fibers of each position sensor 25, the
distance(s) between the transducers can be determined and
communicated to the monitor 12, such as through the
aforementioned USB interface.

[0023] In certain embodiments, the fetal ultrasound trans-
ducer 20 may further include a controller 22 that commu-
nicates with the various devices and systems within the
ultrasound transducer 20, including the ultrasound trans-
ceiver 21, the identifier unit 23, the contact sensor(s) 27,
and/or the position sensor 25. The controller 22 may control
communication between the respective elements and the
monitor 12, such as to receive the ultrasound data 36 from
the ultrasound transceiver 21, the transducer ID 30 from the
transducer identifier unit 23, and/or the contact indicator 32
from the contact sensor(s) 27, and facilitate communication
of those values to the monitor 12. Similarly, the controller 22
may function to provide control signals to the respective
elements 21, 23, 25, 27, 29 based on control instructions
provided by the monitor 12, such as generated by the
transducer tracking module 14.

[0024] In certain embodiments, the controller 22 may also
provide power distribution and control function, receiving
power from a power source and distributing it to the various
elements 21, 23, 25, 27, 29 according to the needs of the fetal
ultrasound system 10. In embodiments where the fetal
ultrasound transducer 20 physically connects to the monitor
12, the monitor 12 may be the power source for the fetal
ultrasound transducer 20, and thus power may be provided
from the monitor 12 through the transducer plug 28 and cord
to the fetal ultrasound transducer 20. In other embodiments
where the fetal ultrasound transducer 20 is a wireless device,
a battery may be connected thereto, and power from the
battery controlled and distributed by the controller 22.
[0025] FIGS. 3-8 depict various embodiments of a user
interface display 38 provided on a display device 17 and
generated by the user interface system 16. The user interface
display 38 generally provides an abdomen image 40 and a
transducer label 41, 42, 43 associated with each of the one
or more ultrasound transducers 20. In certain embodiments,
a first step may be performed via the user interface display
38 to select the number of fetuses for which heart rate
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monitoring will occur, such as a single fetus, twins, triplets,
etc. For example, the user interface display 38 may be
configured to provide an initial screen allowing a user to
select a number of fetuses. The user interface display may
then automatically display a corresponding number of active
transducer indicator locations 45 and parameter blocks 47.
In other embodiments, the user interface system 16 may be
configured to automatically display a number of active
transducer indicator locations 45 and/or parameter blocks 47
based on a number of fetal ultrasound transducers 20 con-
nected to the monitor 12. For example, the transducer
tracking module 14 may be configured to automatically
detect when a transducer plug 28 of a fetal ultrasound
transducer 20 is connected to respective transducer receiver
18 in the monitor 12, and to adjust the user interface display
38 to provide the active transducer indicator location 45 and
parameter block 47 accordingly. In still other embodiments,
a default number of active transducer indicator locations 45
and parameter blocks 47 may be provided and may remain
blank until a fetal ultrasound transducer 20 is connected to
the monitor 12 and provides information to be displayed.

[0026] In the example of FIG. 3, one fetal ultrasound
transducer 20q is positioned on the mother’s abdomen 3 and
is connected to the monitor 12. Accordingly, one active
transducer indicator location 45 and a first parameter block
47 display a first transducer label 41 associated with that
fetal ultrasound transducer 20. The transducer label 41 may
be any type of visual label that identifies the respective fetal
ultrasound transducer 20a. In the depicted embodiment, the
first transducer label 41 includes an alphanumeric label 41a
identifying “FHR1” indicating the device and physiological
parameters are associated with a first fetus. The first trans-
ducer label 41 may also include a color indicator 415, which
may be an alternative or in addition to the alphanumeric
label 41a. The color label 415 indicates a color associated
with the respective transducer 20q, which may be provided
at numerous locations on the user interface display 38, such
as on a transducer icon 50 and/or indicating the respective
physiological parameters and aspects of the user interface
display 38 associated with the first fetus and the first fetal
ultrasound transducer 20a.

[0027] The user interface display 38 may further provide
a signal strength indicator 46 to indicate the signal strength
of the heartbeat measurement by the fetal ultrasound trans-
ducer 20. This is a visual indication of the strength of the
heartbeat measurement and can be used by a clinician to
optimally place the respective fetal ultrasound transducer 20
on the mother’s abdomen 3. For example, the clinician
placing the ultrasound transducer 20 may move the trans-
ducer 20 based on the signal strength indicator 46 in order
to select an optimal location for measuring the respective
fetus’ heartbeat. In the depicted embodiment, the signal
strength indicator for the first ultrasound transducer 20a is
provided in the associated active transducer location 45, and
is provided in a color that corresponds with the first trans-
ducer label 415. Namely, the signal strength indicator 46a is
provided in red, the same color as the first transducer label
41b, providing an additional visual indication of the fetal
ultrasound transducer 20a to which the signal strength
indicator 46a belongs.

[0028] Providing additional visual association between the
fetal ultrasound transducer 20a and associated parts of the
user interface display 38, the fetal ultrasound transducer 20a
may comprise a light source 29, such as a colored LED, that
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illuminates in the same color as the respective transducer
label 415. In the embodiment depicted in FIG. 3, the first
fetal ultrasound transducer 20q has red illumination source
29, such as a red LED, that corresponds with the red color
of the first transducer label 415.

[0029] In certain embodiments, the transducer tracking
module 14 automatically determines the fetal heart rate and
displays a corresponding fetal heart rate indicator 48 upon
detecting that a respective fetal ultrasound transducer 20 is
connected to a mother’s abdomen 3 and connected to the
monitor 12. For example, upon detecting less than a thresh-
old capacitance from the capacitive contact sensors 27a,
275, the fetal ultrasound system 10 may be configured to
automatically measure and display fetal heart rate deter-
mined based on ultrasound data 36 gathered by the respec-
tive ultrasound transducer 20. In such an embodiment, the
fetal heart rate indicator 48 may be automatically displayed
in association with respective transducer label, including the
alphanumeric transducer label 41a¢ and/or the color trans-
ducer label 415. In other embodiments, the transducer
tracking module 14 may be configured to determine and
display the fetal heart rate upon input from a user instructing
such determination and/or acknowledging placement of the
respective fetal ultrasound transducer 20. For example,
referencing FIG. 3, the clinician may provide input via the
user interface display 38 once the respective fetal ultrasound
transducer 20a has been placed, such as based on guidance
provided by the signal strength indicator 46a. In the example
of FIG. 3, such input by a user 60 is provided by selecting
the “apply” button on the touch screen display device 17.

[0030] The transducer tracking module 14 is further
executed to associate the transducer ID 30 for the respective
ultrasound transducer 20a, 205, 20c¢ with each transducer
label 41, 42, 43 for that respective device. Thereby, the
respective fetal heartbeat recordings and/or fetal heart rate
indicators can be associated with a particular ultrasound
transducer 20a, 2056, 20¢. That particular transducer 20aq,
205, 20c is associated with a location on the mother’s
abdomen 3. Thus, in the case of multiples, the ultrasound
transducer 20a, 205, 20¢ is associated with a particular fetus.
[0031] A position of each of the one or more ultrasound
transducers 20a, 205, 20¢ connected to the monitor 12 is
identified by the transducer tracking module 14. Such posi-
tion identification may be based on user input provided at the
user interface display 38, or may be determined automati-
cally by the system 10. The abdomen image 40 is then
adjusted to provide transducer icons 50 with respective
transducer labels 41, 42, 43 positioned thereon based on the
position of each of the one or more fetal ultrasound trans-
ducers 204, 205, 20c.

[0032] FIG. 4 provides an exemplary embodiment show-
ing the first transducer label 41 positioned on the abdomen
image 40 to correspond with the position of the first ultra-
sound transducer 20a on the mother’s abdomen 3. As
additional fetal ultrasound transducers 205, 20¢ are attached
to the mother’s abdomen 3, such fetal ultrasound transducers
are added to the abdomen image 40. FIG. 5 provides one
example where three fetal ultrasound transducers 20a, 206,
and 20c are connected to the mother’s abdomen 3 and
represented accordingly as transducer icons 50 on the abdo-
men image 40, differentiated by the respective transducer
labels 41, 42, 43 positioned thereon. As shown, the alpha-
numeric transducer labels 41a, 424, 434 are displayed next
to the circular image representing each ultrasound trans-
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ducer 20a, 205, 20c. Similarly, a color transducer label 415,
42b, 435 1s provided within each circular transducer icon 50,
the color of which corresponds to the colored illumination
source 29 of the respective ultrasound transducer 20a, 205,
20c. In the example, each of the ultrasound transducers 20a,
206, 20¢ has an illumination device 29 being a colored LED
29a (red), 296 (orange), and 29¢ (green). Correspondingly,
everything associated with the first ultrasound transducer
20a is provided in red (transducer label 415), everything
associated with the second ultrasound transducer 205 is
provided in orange (transducer label 4250), and everything
associated with the third ultrasound transducer 20c is pro-
vided in green (transducer label 435). In certain embodi-
ments, the color of the respective illumination device 29q,
29b, 29¢ may be provided as part of the transducer ID 30,
and the color transducer labels 415, 425, 43b may be
assigned accordingly.

[0033] In embodiments where the ultrasound transducers
20a, 205, 20¢ have position sensors therein, the transducer
positions may be automatically determined. and the corre-
sponding abdomen image 40 may be generated automati-
cally based on the position information 34 measured by each
position sensor 25. Namely, the transducer tracking module
14 may automatically generate an abdomen image 40 having
transducer icons 50 showing the location of each transducer
20 and labeled accordingly. For example, the three trans-
ducers 20 shown in FIG. 5 may each comprise a position
sensor 25 having an IMU and electromagnetic receiver/
transmitter that communicates with the various other sensors
(e.g. via ultrasound) to determine a relative location. The
abdomen image 40 may be automatically generated based on
such information. Further, the abdomen image 40 may be
automatically updated if on of the transducers 20a, 205, 20¢
is repositioned, for example. Thereby, the relative move-
ments of the ultrasound transducers 20a, 205, 20¢ can be
tracked and visualized on the user interface display 38.

[0034] In other embodiments, the position of each ultra-
sound transducer may be identified based on user input. FIG.
6 provides one example of how such user input may be
provided via the user interface display 38. In the example
embodiment, user input regarding transducer position is
provided by placing each transducer icon 50 onto the
abdomen image 40. For example, the user interface display
38 may be designed to facilitate such user input by allowing
the user 60 to select each transducer icon 50 and place it on
the abdomen image 40. In the depicted example, the user
interface display 38 is a touch screen configured to receive
touch input by the user 60 to place the transducer icons 50,
as shown. In certain embodiments, the user interface display
38 may be further arranged to allow the user to associate the
transducer labels 41, 42, 43 with each transducer icon 50
indicating the respective position on the abdomen image,
and thereby with each corresponding transducer ID 30. For
example, the user interface display 38 may be configured to
allow a user 60 to select each transducer label, such as by
touching the label on the screen, and placing each label next
to a corresponding transducer icon 50 (e.g. placed on the
abdomen image 40 by the clinician). In certain embodi-
ments, once all transducer labels are associated with respec-
tive transducer icons, the user may hit apply, at which point
the transducer 1D 30 for each respective ultrasound trans-
ducer 20a, 205, 20c may be associated with each of the
transducer labels 41, 42, 43.
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[0035] 1In various fetal ultrasound system 10 configura-
tions and embodiments, the transducer labels 41, 42, 43 may
be automatically assigned by the transducer tracking module
14, or may be assigned based on user input. In certain
embodiments described herein, the alphanumeric transducer
labels 41a, 424, 43¢ may be assigned separately from the
color transducer labels 415, 425, 435. For example, the color
transducer labels 415, 425, 435 may be automatically
assigned, such as based on information transmitted as part of
the transducer ID 30; while the alphanumeric transducer
labels 41a, 424, 43a may be manually assigned. In other
embodiments, all alphanumeric transducer labels 41q, 424,
43a and color transducer labels 415, 425, 43b may be
manually assigned or automatically assigned (which, in
embodiments with position sensors 25, may account for the
sensed position of the transducer).

[0036] For automatic assignment, the transducer tracking
module 14 may assign the transducer labels according to an
order of connection of the fetal ultrasound transducers 20 to
the monitor 12. For example, the first fetal ultrasound
transducer 20a to be connected to the monitor 12 may be
assigned the first transducer label 41, the second fetal
transducer 205 to be connected to the monitor 12 may be
assigned the second transducer label 42, and the third fetal
ultrasound transducer 20¢ connected to the monitor 12 may
be assigned the third transducer label 43. The fetal heart rate
indicator 48 and/or heartbeat traces, and the transducer icon
50 may then be automatically displayed accordingly on the
user interface display 38, such as exemplified in FIGS. 3-8.
[0037] In certain embodiments, the transducer tracking
module 14 may provide an initial transducer label 41, 42, 43,
such as based on the order of connection to the monitor 12,
which may then be later adjusted during the monitoring and
data presentation process. For example, the transducer track-
ing module 14 may automatically adjust the assigned trans-
ducer labels 41, 42, 43 based on sensed position as addi-
tional transducers 20 are connected, such as according to the
logic described below. Alternatively or additionally, the user
interface display 38 may be configured to facilitate and
receive user input to adjust the transducer labels 41qa, 415,
42a, 42b, 43a, 43b, such as by the touch input procedures
described above with respect to FIG. 6. Accordingly, by
either automatic or manual procedures, some or all of the
transducer labels 41a, 415, 42a, 425, 434, 436 may be
reorganized, reassigned, and represented, such as exempli-
fied in FIGS. 6-7.

[0038] One commonly preferred way of organizing the
fetal heart rate information is to assign them from lowest to
highest. Namely, the lowest positioned fetus (i.e., that posi-
tioned closest to the cervix) is designated the first fetus, the
second highest fetus designated as second, and so on.
Accordingly, the transducer tracking module 14 may utilize
the position information 34 provided by the position sensors
25 to assign the transducer labels 41a, 415, 42a, 425, 43a,
435 and/or to reorganize the transducer label assignment as
additional fetal ultrasound transducers 20 are connected to
the mother’s abdomen 3 and to the monitor 12. Thus, the
transducer tracking module 14 may determine the lowest
positioned fetal ultrasound transducer 20 on the mother’s
abdomen 3 based on the position information 34 describing
the position of the ultrasound transducer 20a, 205, 20c¢
within the two-dimensional plane.

[0039] Upon such assignment, or reassignment, the trans-
ducer IDs 30 for each of the fetal ultrasound transducers
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20a, 205, 20c¢ are assigned or associated with the respective
transducer labels 41, 42, 43 accordingly. In certain embodi-
ments, the alphanumeric transducer labels 41a, 42a, 43a
may be reorganized and/or reassigned upon connection of all
of the fetal ultrasound transducers 20a, 205, 20q, but the
originally-assigned transducer labels 41b, 425, 436 may
remain the same. With reference to FIG. 7, for example, the
assignment of the alphanumeric transducer labels 41a, 424,
43a are reorganized to swap the original assignment of the
first alphanumeric transducer label 41a and the third alpha-
numeric transducer label 43a according to the position of the
respective fetal ultrasound transducers 20¢ and 20c. How-
ever, the color transducer labels 415 and 435 remain the
same, which continue to match the colored LEDs 29a and
29¢ on the respective fetal ultrasound transducers 20a and
20c¢. Thus, the lowest positioned fetal ultrasound transducer
204, 205, 20¢ may be assigned the first alpha numeric
transducer label 41a. The next lowest fetal ultrasound trans-
ducer 20a, 205, 20¢ with respect to the two dimensional
plane may then be identified and assigned the second
alphanumeric transducer label 42a, and so on. Such change
may be made, for example, once all of the fetal ultrasound
transducers are connected, such as upon receipt of user input
indicating that the position of all devices has been finalized.
The parameter blocks 47 presenting the fetal heart rate
indicators 48 may also be reorganized accordingly, such as
to present the first fetal heart rate indicator 48a (“FHR1”) at
the highest location and the third fetal heart rate indicator
48¢ (“FHR3”) in the lowest location.

[0040] In other embodiments, such assignment of the
transducer labels 41, 42, 43 may be manually provided by
the user via the user interface display 38, such as by touching
and dragging the respective alphanumeric transducers labels
41a, 42a, 43a and the color transducer labels 415, 425, 436
and placing them in a position adjacent to the transducer
icon 50 for the respective fetal ultrasound transducer 20a,
205, 20c.

[0041] In certain embodiments, the transducer tracking
module 14 may be configured to operate the user interface
display 38 to provide certain status alerts 52 to an operator.
Referring to FIG. 8, for example, the transducer tracking
module 14 may be configured to provide a “probe off” status
alert 52 in connection with a transducer label 41, 42, 43
when an associated fetal ultrasound transducer 20a, 205, 20¢
has been removed or has fallen off the mother’s abdomen 3.
For example, if the one or more capacitive sensors 27a, 27b
detect less than the threshold capacitance, then the “probe
off” status alert 52 may be provided for that transducer on
the user interface display 38. In the example of FIG. 8, the
fetal ultrasound transducer 20A associated with the third
alphanumeric transducer label 43a (FIG. 7) is disconnected
from the mother’s abdomen 3. Accordingly, no fetal heart
rate indicator 48 is provided in the corresponding parameter
block 47, and instead a “probe off” status alert 52 is
displayed. In certain examples the abdomen image may be
adjusted to reflect the missing transducer. Another example
1s shown at FIG. 3, where the status alert 52 indicates that
no ultrasound transducer is connected to the monitor 12 in
association with a respective transducer label 41a, 42q, 434,
415, 42b, 43b. In the example, the status alert 52 displays
“connect transducer” indicating that no fetal ultrasound
transducer 20 is connected to the monitor, such as at the
corresponding transducer receiver 18.
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[0042] Accordingly, the system and method described
herein enable tracking of fetal ultrasound transducers 20aq,
205, 20c so that the transducers can be repositioned to
measure heart rate from the same fetus between monitoring
sessions. For example, the user interface display 38 gener-
ated from the previous session can be displayed in order to
instruct a clinician on where and how to connect the respec-
tive ultrasound transducers 20a, 205, 20c—e.g. starting with
the previously—applied configuration.

[0043] Furthermore, if the clinician were to misplace, or
swap one or more of the fetal ultrasound transducers, then
the system may automatically detect such an error. In that
event, the system may generate an alert to a clinician
regarding the misplacement. Alternatively or additionally, in
situations where the placement of two fetal ultrasound
transducers 20a, 205, 20care swapped in position, the trans-
ducer tracking module 14 may be configured to automati-
cally compensate for the swap, and reassign the transducer
labels 41a, 42a, 43a, 415, 425, 43b accordingly. Moreover,
the transducer tracking module 14 may be configured to
automatically associate and correlate the previously mea-
sured fetal heart rate data correctly with the newly, gathered
fetal heart rate data, accounting for the detected transducer
swap.

[0044] FIG. 2 is a schematic diagram of an exemplary
computing system 200 in a fetal ultrasound monitor 12. The
computing system 200 includes a processing system 206,
storage system 204, software 202, and communication inter-
face 208. The processing system 206 loads and executes
software 202 from the storage system 204, including the
transducer tracking module 14, which is an application
within the software 202. The transducer tracking module 14
includes computer-readable instructions that, when
executed, direct the processing system 206 to operate as
described in herein in further detail, including to execute the
steps to identify the position of each fetal ultrasound trans-
ducer 20 and to provide an abdomen image 40 having
transducer icons and/or labels located thereon depicted said
transducer positions.

[0045] Although the computing system 200 as depicted in
FIG. 2 includes one software 202 encapsulating one trans-
ducer tracking module 14, it should be understood that one
or more software elements having one or more modules may
provide the same operation. Similarly, while description as
provided herein refers to a computing system 200 and a
processing system 206, it is to be recognized that imple-
mentations of such systems can be performed using one or
more processors, which may be communicatively con-
nected, and such implementations are considered to be
within the scope of the description.

[0046] The processing system 206 includes a processor,
which may be a microprocessor, a general purpose central
processing unit, an application-specific processor, a micro-
controller, or any other type of logic-based device. The
processing system 206 may also include circuitry that
retrieves and executes software 202 from storage system
204. Processing system 206 can be implemented within a
single processing device, but can also be distributed across
multiple processing devices or sub-systems that cooperate in
executing program instructions.

[0047] The storage system 204 may comprise any storage
media, or group of storage media, readable by processing
system 206, and capable of storing software 202. The
storage system 204 can include volatile and non-volatile,
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removable and non-removable media implemented in any
method or technology for storage of information, such as
computer-readable instructions, data structures, program
modules, or other data. Storage system 204 can be imple-
mented as a single storage device but may also be imple-
mented across multiple storage devices or sub-systems.
Storage system 204 can further include additional elements,
such a controller capable of communicating with the pro-
cessing system 206.

[0048] Examples of storage media include random access
memory, read only memory, optical discs, flash memory,
virtual memory, and non-virtual memory, magnetic sets,
magnetic tape, magnetic disc storage or other magnetic
storage devices, or any other medium which can be used to
store the desired information and that may be accessed by an
instruction execution system, as well as any combination or
variation thereof, or any other type of storage medium.
Likewise, the storage media may be housed locally with the
processing system 206, or may be distributed in one or more
servers, which may be at multiple locations and networked,
such as in cloud computing applications and systems. In
some implementations, the storage media can be a non-
transitory storage media. In some implementations, at least
a portion of the storage media may be transitory.

[0049] The communication interface 208 interfaces
between the elements within the computing system 200 and
external devices, such as with the controller 22 of each
ultrasound transducer and/or a controller for the user inter-
face system 16 and/or display device 17. In certain embodi-
ments, the communication interface 208 may also be con-
figured to receive information transmitted from the positions
sensors 25 in each ultrasound transducer 20, which may
have a separate transmission/receipt means (e.g. wireless)
than the ultrasound data 36, contact indicator 32, transducer
1D 30, etc.

[0050] FIGS. 9-11 depict various embodiments of the
method 80 of fetal ultrasound monitoring, or portions of said
method. FIG. 9 provides a flowchart of one embodiment of
a method 80 of fetal ultrasound monitoring that begins upon
detection of a first ultrasound transducer 20a to a monitor 12
(step 82). Instructions are executed at step 84 to determine
whether all contact sensors indicate that the first ultrasound
transducer 20q is contacting the patient’s abdomen based on
the contact indicator 32 supplied by the one or more contact
sensors therein. If the contact sensors do not indicate con-
tact, then the system waits for indication of contact, repeat-
ing steps 85 and 82, and no further assessment is made. Once
contact is indicated at step 84, a first heart rate is measured
at step 86 based on ultrasound data 36 gathered by the first
ultrasound transducer 20a. Step 88 is then executed to
receive a first transducer ID from the first transducer, such
as from the identifier unit 23 within the first ultrasound
transducer 20a, as described above. The system also iden-
tifies a position of the first transducer 20a at step 90, such as
based on user input as exemplified herein or by automatic
position determination via input from a position sensor 25 in
the respective fetal ultrasound transducer 20a. A first trans-
ducer label 41a, 415 is then determined at step 92, which
may be based on the position of the first transducer identified
at step 90. A first transducer ID 30 is correlated with the first
transducer label at step 94, and a first heart rate indicator is
displayed in correlation with the first transducer label at step
96. An abdomen image is displayed at step 98 with the
transducer icon 50 located thereon at a location that corre-
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sponds with the position of the first transducer 20a on the
mother’s abdomen 3, and first transducer label 41a, 415
provided therewith.

[0051] In certain embodiments, the system 10 may be
further configured to control an illumination device 29 based
on the first transducer label 41. For example, in an embodi-
ment where the illumination device 29 is illuminable in at
least two different colors, the system, such as executing the
instructions stored as part of the transducer tracking module
14, may select one of the at least two different illumination
colors to correspond with the first transducer label 41, and
may control illumination of the illumination device 29 based
thereon. Accordingly, the various fetal ultrasound transduc-
ers 20a, 205, 20c may be interchangeable, and the system
may automatically correlate the transducer with a respective
fetus and fetal heart rate measurement based on the sensed
position of the respective fetal ultrasound transducer 20aq,
205, 20c. The illumination device 29 can then be used to
provide a visual indication of which fetus and fetal heart rate
measurement that respective fetal ultrasound transducer 20aq,
205, 20c¢ has been assigned to.

[0052] FIG. 10 depicts one embodiment of a method 80 of
fetal ultrasound monitoring, and specifically method steps
for providing a user interface and receiving user input to
identify positions of ultrasound transducers 20 connected to
a mother’s abdomen. Transducer icons are presented on a
user display for user placement at step 100. For example, the
same number of transducer icons 50 may be presented on the
display corresponding with the number of fetal ultrasound
transducers 20a, 205, 20¢ that are connected to the monitor
12 and in contact with the mother’s abdomen 3. User input
indicating final placement is received at step 102, such as
selection of the “apply” button shown in the exemplary
embodiments depicted at FIGS. 3-7. The position of each
transducer icon is determined in an XY-plane (or XYZ-
space, if a 3D image) based on the user placement of the
transducer icons 50 on the abdomen image 40. For example,
the abdomen image 40 provided on the user interface display
38 may be mapped with an XY-grid that corresponds with
the sensor grid of the touch screen—e.g., the center point of
each transducer icon 50 may be identified corresponding
with the XY-grid of the abdomen image 40. The transducer
position for each fetal ultrasound transducer 20a, 205, 20c is
then identified based on the placement of the transducer
icons on the abdomen image.

[0053] In certain embodiments, the system 10, such as by
executing instructions comprising the transducer tracking
module 14, may then automatically determine the transducer
labels 41a, 42a, 43a according to the identified position for
each of the fetal ultrasound transducers 20a, 205, 20c where
the respective contact sensors 27 indicate contact with the
mother’s abdomen 3. For example, the lowest positioned
transducer may be assigned the first alphanumeric trans-
ducer label 41a, and so on as described above.

[0054] In other embodiments, the certain or all transducer
labels may be assigned based on user input. In the example
of FIG. 10, the transducer labels are presented on the display
at step 108 for user placement, such as a number of
transducer labels corresponding with the number of fetal
ultrasound transducers 20 that are connected to the monitor
12 and in contact with the mother’s abdomen. Once the
system receives user input at step 110 indicating final
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placement, the transducer labels are correlated accordingly
with the transducer 1Ds and positions of the fetal ultrasound
transducers 20 accordingly.

[0055] This written description uses examples to disclose
the invention, including the best mode, and also to enable
any person skilled in the art to make and use the invention.
Certain terms have been used for brevity, clarity and under-
standing. No unnecessary limitations are to be inferred
therefrom beyond the requirement of the prior art because
such terms are used for descriptive purposes only and are
intended to be broadly construed. The patentable scope of
the invention is defined by the claims, and may include other
examples that occur to those skilled in the art. Such other
examples are intended to be within the scope of the claims
if they have features or structural elements that do not differ
from the literal language of the claims, or if they include
equivalent features or structural elements with insubstantial
differences from the literal languages of the claims.

We claim:

1. A fetal ultrasound system comprising:

one or more a fetal ultrasound transducers, each having:
an ultrasound device configured to generate sound

waves in the ultrasonic range and convert reflected
sound waves into ultrasound data for detection of a
fetal heart beat;
a contact sensor configured to sense contact with a
mother’s abdomen and generate a contact indicator;
a transducer identifier unit that communicates a trans-
ducer ID;
a monitor configured to receive the ultrasound data, the
contact indicator, and the transducer 1D from the one or
more ultrasound transducers, and comprising a trans-
ducer tracking module executable on a processor to:
generate a transducer label for each of the one or more
fetal ultrasound transducers;

associate the transducer ID for each fetal ultrasound
transducer with the respective transducer label,

determine a fetal heart rate based on the ultrasound data
and generate a corresponding heart rate indicator;

identify a position of each of the one or more fetal
ultrasound transducers;

generate an abdomen image with the transducer labels
positioned thereon based on the position of each of
the one or more fetal ultrasound transducers; and

a display device configured to display the abdomen image
with the transducer label for each of the one or more
fetal ultrasound transducers, and to display the fetal
heart rate indicator in association with the respective
transducer label.

2. The system of claim 1, further comprising a position
sensor in the at least one fetal ultrasound transducer, wherein
the position sensor is configured to measure position infor-
mation with respect to at least a two-dimensional plane, and
wherein the position of each of the one or more fetal
ultrasound transducers is identified based on the position
information.

3. The system of claim 2, wherein the transducer tracking
module is further executable to calculate the position of each
of the fetal ultrasound transducers connected to the monitor
based on the position information, and to automatically
generate the abdomen image with the transducer labels
positioned thereon based on the positions of the fetal ultra-
sound transducers.
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4. The system of claim 3, wherein each position sensor
includes an inertial measurement unit providing inertial
position information and an electromagnetic receiver/trans-
mitter providing relative position information with respect to
at least a second fetal ulirasound transducer.

5. The system of claim 1, wherein the contact sensor
includes two capacitive sensors positioned on opposing ends
of a contact surface of the fetal ultrasound transducer, and
wherein the transducer tracking module is further executable
to determine that the respective fetal ultrasound transducer
is contacting the mother’s abdomen only when the contact
indicator from both capacitive sensors is less than a thresh-
old capacitance.

6. The system of claim 5, wherein the transducer tracking
module is further executable to automatically determine the
fetal heart rate and display the fetal heart rate indicator in
association with the transducer label only when both of the
capacitive sensors detect less than the threshold capacitance.

7. The system of claim 5, wherein the transducer tracking
module is further executable to generate a probe off alert in
association with the transducer label for the respective fetal
ultrasound transducer when one of the capacitive sensors
detect greater than the threshold capacitance.

8. The system of claim 1, wherein each of the one or more
fetal ultrasound transducers further comprises a colored
LED that is a different color than those of all other ultra-
sound transducers connected to the monitor, and wherein the
transducer label for that fetal ultrasound transducer includes
a color indicator the same color as the respective colored
LED.

9. The system of claim 1, wherein the system further
includes a user interface configured to receive user input
placing the transducer labels at a location on the abdomen
image corresponding to a location of the fetal ultrasound
transducer on the mother’s abdomen; and

wherein the transducer tracking module is further execut-
able to identify the position of each of the one or more
fetal ultrasound transducers connected to the monitor
based on the user input.

10. The system of claim 1, wherein the transducer track-
ing module is further executable to associate the transducer
ID for each fetal ultrasound transducer with the transducer
label based on the position of the respective fetal ultrasound
transducer.

11. A method of fetal ultrasound monitoring, the method
comprising:

detecting contact of a first ultrasound transducer with a
mother’s abdomen based on input from a contact sensor
in the first ultrasound transducer;

receiving a first transducer ID from the first ultrasound
transducer,

correlating the first transducer ID with a first transducer
label;

measuring a first heart rate based on output of an ultra-
sound device in the first ultrasound transducer;

displaying a first heart rate indicator on a display device
in association with the first transducer label;

identifying a first position of the first ultrasound trans-
ducer in at least a two-dimensional plane; and

displaying the first transducer label on an abdomen image
based on the first position.
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12. The method of claim 11, further comprising;

detecting connection of a second ultrasound transducer to

the mother’s abdomen based on input from a sensor in
the second ultrasound transducer;

receiving a second transducer ID from the second ultra-

sound transducer;

correlating the second transducer ID with a second trans-

ducer label;

measuring a second heart rate based on output of an

ultrasound device in the second ultrasound transducer;
displaying a second heart rate indicator on a display
device in association with the second transducer label;
identifying a second position of the second ultrasound
transducer in the two-dimensional plane; and
displaying the second transducer label on the abdomen
image based on the second position.

13. The method of claim 12, wherein the step of identi-
fying the first position includes measuring first position
information of the first fetal ultrasound transducer with a
position sensor in the first fetal ultrasound transducer, and
determining the first position with respect to the at least the
two dimensional plane based on at least the first position
information.

14. The method of claim 13, wherein the step of identi-
fying the second position includes measuring second posi-
tion information of the second fetal ultrasound transducer
with a position sensor in the second fetal ultrasound trans-
ducer, and determining the second position with respect to
the two dimensional plane based on at least the first position
information and the second position information.

15. The method of claim 14, further comprising automati-
cally generating the abdomen image with the first transducer
label and the second transducer label positioned thereon
based on the first position and the second position.

16. The method of claim 14, wherein the transducer
tracking module is further executable to associate the trans-
ducer ID for each of the first and second fetal ultrasound
transducers with the respective transducer label based on the
first position and the second position.

17. The method of claim 12, wherein the first fetal
ultrasound transducer includes a first illumination device
illuminable in at least two different colors, the second fetal
ultrasound transducer includes a second illumination device
illuminable in the at least two different colors, and wherein
the method further comprises:

controlling the first illumination device to illuminate in

one of the at least two different colors based on the first
transducer label; and

controlling the second illumination device to illuminate in

a different one of the at least two different colors based
on the second transducer label.
18. The method of claim 11, wherein the first fetal
ultrasound transducer includes at least one capacitive sensor,
the method further comprising:
detecting that a capacitance measured by the capacitive
sensor is greater than the threshold capacitance; and

generating a probe off alert in association with the first
transducer label for the respective fetal ultrasound
transducer.

19. The method of claim 18, wherein the step of detecting
connection of the first ultrasound transducer to the mother’s
abdomen includes determining that all of the at least one
capacitive sensors in the first fetal ultrasound transducer
measure less than a threshold capacitance.
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20. The method of claim 11, further comprising;

presenting a user interface configured to receive user
input placing the first the transducer label at a location
on the abdomen image corresponding to a location of
the first fetal ultrasound transducer on the mother’s
abdomen;

wherein the first position is identified based on the user
input.
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