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(57) ABSTRACT 

The preferred embodiments described herein relate to voice 
enhanced diagnostic medical ultrasound imaging Systems 
and review Stations as well as to voice-related user inter 
faces. With these preferred embodiments, a user can interact 
with an imaging System or review Station by issuing Verbal 
commands instead of using a mouse, keyboard, or other user 
interface that requires physical manipulation by the user. 
This provides a very user-friendly interface, especially to 
those users who have difficulty navigating complex window 
and menu hierarchies or who have trouble manipulating 
pointing devices. This also improves patient flow and pro 
vides a more efficient report generation System. Voice feed 
back can also be used to allow the imaging System or review 
Station to better communicate with a user. 
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VOICE-ENHANCED DAGNOSTIC MEDICAL 
ULTRASOUND SYSTEMAND REVIEW STATION 

Background 

0001. There are several steps involved in providing a 
diagnosis of a patient based on an ultrasound examination. 
First, the ultrasound examination is performed on an ultra 
Sound imaging System. The images generated from this 
examination can then be digitally Stored and reviewed by a 
physician on an ultrasound review Station, which is typically 
coupled with an ultrasound imaging System though a net 
work. The ultrasound review Station can display images, 
text, and measurement and calculation data and can also be 
used to facilitate the production of ultrasound examination 
reports. Based on his analysis at the review Station, the 
physician generates an ultrasound examination report to 
provide a diagnosis. Often, a physician will dictate his 
diagnosis onto an audio tape or recording System, and the 
diagnosis is later transcribed and entered into an ultrasound 
examination report. Alternatively, the diagnosis can be typed 
into the ultrasound imaging System. 

0002 To assist in the performance of an ultrasound 
examination, Some ultrasound imaging Systems allow voice 
control of Some of the operations of the System. Typically, a 
Voice recognition unit, which is either part of or Separate 
from the ultrasound imaging System's processor, converts an 
incoming voice signal to a control Signal using voice infor 
mation stored in the voice recognition unit. To enhance 
recognition performance, U.S. Pat. No. 5,544,654, which is 
assigned to the assignee of the present invention, describes 
an ultrasound imaging System in which a Subset of Voice 
information is used based on the operating State of the 
ultrasound imaging System. Specifically, the ultrasound 
imaging System's processor provides the Voice recognition 
unit with an indication of its operating State, and the Voice 
recognition unit Selects only the portions the Voice informa 
tion that are relevant to the operating State. Because the 
Voice recognition unit makes the Selection based on the 
provided indication of operating State, the Voice recognition 
unit and processor must be Synchronized to ensure proper 
Selection, especially when the processor is shipped Sepa 
rately from the Voice recognition unit and when the proces 
Sor is updated without updating the Voice recognition unit. 
0003) To assist the physician review ultrasound images at 
a review Station, graphical user interfaces have been used to 
provide a more user-friendly environment for the physician. 
Typically, these graphical user interfaces have windows, 
menus, and buttons, and a visual focus manipulated by a 
pointing device Such as a mouse, keyboard, or trackball. 
Ultrasound review Stations often have So many functions 
that applications are divided into hierarchies of menus and 
Sub-menus, dialogs and Sub-dialogs, and windows and Sub 
windows. Although graphical user interfaces were intended 
to facilitate interaction with the review Station, Some users 
have difficulty finding the desired functionality in the com 
plex windows and menu hierarchies. Some users also find it 
difficult to fluidly manipulate pointing devices that require 
click and double-click actions. 

0004 Finally, to reduce the time needed to produce an 
ultrasound examination report and to improve the overall 
diagnostic workflow for a patient, automatic transcription 
systems have been used, such as Medspeak from IBM, 
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Clinical Reporter from Lernout & Hauspie, and Powerscribe 
from the MRC Group. These systems are stand-alone 
devices with Specialized vocabularies and are not incorpo 
rated with the ultrasound imaging System or review Station. 
Some transcription Systems attempt to transcribe every word 
Voiced by the physician. Because of limitations in current 
transcription technology, these Systems often produce inac 
curate transcriptions. To overcome this problem, Some Sys 
tems reduce the amount of automatic dictation that is needed 
by creating macros, which, when spoken, trigger a longer 
text to be inserted into the report. Although typically more 
accurate than automatic dictation Systems, these Systems 
also encounter recognition problems. To further enhance 
accuracy, Some Systems use inline-Style macro displays, in 
which a proposed textual phrase is displayed to a user for 
acceptance. Because these Systems only need to recognize 
the command to accept or reject the proposed textual phrase, 
recognition accuracy is increased. However, presenting pro 
posed textual phrases to a user can be a time consuming 
process, especially if the user rejects Several proposed 
phrases before reaching an acceptable phrase. 
0005 There is, therefore, a need for an improved diag 
nostic medical ultrasound imaging System and review Sta 
tion to overcome the problems described above. 

SUMMARY 

0006 The present invention is defined by the following 
claims, and nothing in this section should be taken as a 
limitation on those claims. 

0007. By way of introduction, the preferred embodiments 
described below relate to voice-enhanced diagnostic medi 
cal ultrasound imaging Systems and review Stations as well 
as to voice-related user interfaces. With these preferred 
embodiments, a user can interact with an imaging System or 
review Station by issuing Verbal commands instead of using 
a mouse, keyboard, or other user interface that requires 
physical manipulation by the user. This provides a very 
user-friendly interface, especially to those users who have 
difficulty navigating complex window and menu hierarchies 
or who have trouble manipulating pointing devices. This 
also improves patient flow and provides a more efficient 
report generation System. Voice feedback can also be used to 
allow the imaging System or review Station to better com 
municate with a user. 

0008. The preferred embodiments will now be described 
with reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 FIG. 1 is a block diagram illustrating an operation 
of a Voice recognition unit of a preferred embodiment. 
0010 FIG. 2 is a block diagram illustrating a voice 
recognition unit of a preferred embodiment receiving voice 
information from an ultrasound imaging System or review 
Station processor. 
0011 FIG. 3 is a block diagram illustrating a voice 
recognition unit of a preferred embodiment receiving voice 
information from a Server. 

0012 FIG. 4 is a flow chart of a preferred method for 
using voice commands to insert a textual phrase into a 
Section of an ultrasound examination report. 
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0013 FIG. 5 is an illustration of several preferred ultra 
Sound examination reports. 
0.014 FIG. 6 is an illustration of a displayed ultrasound 
examination report of a preferred embodiment. 
0.015 FIG. 7 is an illustration of a displayed ultrasound 
examination report of another preferred embodiment in 
which a menu of available commands is displayed along 
with the report. 
0016 FIG. 8 is a flow chart of a preferred method for 
using voice commands to display a marker on an ultrasound 
image. 
0017 FIGS. 9-11 are illustrations of preferred displayed 
ultrasound images used in conjunction with the preferred 
method of the flow chart of FIG. 8. 

0.018 FIG. 12 is a block diagram of a network arrange 
ment of a preferred embodiment. 
0019 FIG. 13 is a block diagram of another network 
arrangement of a preferred embodiment. 
0020 FIG. 14 is a block diagram illustrating an operation 
of a Voice production unit of a preferred embodiment. 
0021 FIG. 15 is an illustration of a preferred transducer 
having a built-in microphone. 
0022 FIG. 16 is an illustration of a preferred transducer 
having an attached microphone. 

0023 FIG. 17 is an illustration of a preferred transducer 
having a built-in Slider. 
0024 FIG. 18 is an illustration of a preferred transducer 
having an attached slider. 
0025 FIG. 19 is a flow chart of a preferred method for 
using voice commands to assign a function to an ultrasound 
imaging System or ultrasound review Station user interface. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

Voice Recognition Unit 

0026. A voice recognition unit can be used to provide 
Voiced commands to an ultrasound imaging System or 
review station, and FIG. 1 provides a block diagram of a 
voice recognition unit 10 of a preferred embodiment. As 
shown in FIG. 1, the voice recognition unit 10 is coupled 
with a voice input device 15 (Such as a microphone) and a 
processor 20 of an ultrasound imaging System or review 
Station. AS used herein, the term “coupled with means 
directly coupled with or indirectly coupled with through one 
or more components. It is preferred that the Voice recogni 
tion unit 10 comprise a recognition engine (Such as one 
available from Dragon Systems, IBM, Lernout & Hauspie, 
or Entropic Ltd.) and a voice technology Software interface 
(such as SAPI 4.x from Microsoft Corp., SRAPI, JSAPIjava 
from Sun Microsystems Corp., or SVAPI). 
0027. In regard to architecture, the voice recognition unit 
10 can be separate from the processor 20, such as when the 
Voice recognition unit 10 takes the form of Software running 
on a separate processor. In one embodiment, the Separate 
processor is a general-purpose computer directly coupled 
with the ultrasound imaging System or review Station. For 
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example, a general-purpose computer can be directly con 
nected to an ultrasound imaging System and carried on the 
System cart, thereby appearing to a user to be integrated with 
the System. AS described below, a separate processor can 
also be located in a Server coupled with the ultrasound 
imaging System or review Station through a network. In 
another preferred embodiment, Some or all of the function 
ality of the voice control unit 10 is implemented with the 
ultrasound imaging System's or review Station's processor 
2O. 

0028. For simplicity, the term “voice recognition unit' is 
used in the Specification and claims to broadly refer to 
hardware and/or Software components that use voice infor 
mation to recognize an incoming voice Signal from a voice 
input device 15 to generate and provide a command Signal 
to a processor 20 of an ultrasound imaging System or review 
station. As used herein, the term “voice information” refers 
to data that correlates a set of voice signals (e.g., voiced 
commands from a user) with an associated set of respective 
command Signals recognizable by the processor of the 
ultrasound imaging System or review Station. The term “Set 
in the Specification and claims refers to one or more than one 
element. In addition to providing this recognition profile, 
Voice information can include engine usage information 
(e.g., percent of the CPU dedicated to recognition), user 
adjustable recognition parameters (e.g., minimum volumes, 
timeouts to recognized complete and incomplete phrases), 
and a list of Voice input devices and their capabilities that the 
user trained with and that the recognition profile is appro 
priate for. Voice information can also include user-specific 
Voice commands and non-GUI user-specific voice param 
eters, Such as preferred speak-back Voice, dictation param 
eters, and dialog parameters. The recognition engine of the 
Voice recognition unit 10 compares the incoming voice 
Signal with the recognition profile of the Voice information 
to determine which command Signal should be sent to the 
processor 20. To enhance recognition performance, it is 
preferred that a finite-state-machine language description 
(e.g., Backus-Naurer) be used to provide the voice recog 
nition unit 10 with various forms of legal speech and that a 
dictionary of Synonyms be used to recognize equivalent 
Voiced commands. 

0029. Also as used herein, the term “command signal' is 
used to refer to any signal that is recognizable by the 
processor 20 as an instruction to perform an operation or 
function performable by the processor 20 (e.g., the Selection 
of a field, window, or monitor). In addition to controlling 
Some aspect of the ultrasound imaging System or review 
Station, a command Signal can be a signal that provides the 
processor 20 with a text or other message. For example, the 
command Signal can comprise a textual phrase that will be 
inserted into an ultrasound examination report. 

Voice Information 

0030. As described above, the voice recognition unit 10 
uses Voice information to generate a command Signal in 
response to a voiced command from a user. Voice informa 
tion can be provided to the voice recognition unit 10 by any 
appropriate Source. In the preferred embodiment shown in 
FIG. 2, a server coupled with and integral with the ultra 
Sound imaging System or review Station processor 20 pro 
vides the voice information to the voice recognition unit 10. 
With this preferred embodiment, the processor 20 can create 
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Voice information containing only those voice and command 
Signals that are relevant to the current operating State of the 
processor 20, thereby enhancing voice recognition. For 
example, if an ultrasound review Station is currently being 
used to generate an ultrasound examination report for an 
obstetricS examination, the processor 20 can provide the 
Voice recognition unit 10 with Voice information containing 
only those voice and command Signals commonly used with 
an obstetricS examination. Because the processor 20 pro 
vides Voice information and not merely an indication of 
operating State, the processor 20 and Voice recognition unit 
10 can operate independently, thereby eliminating the prob 
lems encountered in prior System when the processor and 
Voice recognition unit were not Synchronized. 
0031. The voice information can also be provided to the 
voice recognition unit 20 by a server 25 externally coupled 
with the voice recognition unit 20, as shown in FIG. 3. This 
preferred embodiment is particularly useful in a network 
environment in which the server 25 is coupled with several 
ultrasound imaging Systems or review Stations. In Such an 
environment, Voice information customized for a particular 
user is centrally located in the server 25. When that user 
identifies himself to a device on the network, the user's 
customized Voice information is provided to the Voice 
recognition unit of that device. This provides a coherent 
network environment in which commands are consistently 
recognized. If the user changes the Voice information when 
using the device (Such as when the user corrects a misiden 
tified word), the centrally-stored voice information is 
updated as well. In this way, the user is not only provided 
with greater access to his customized voice information, but 
he is also given more opportunities to update the Voice 
information to enhance recognition performance. If a user is 
using multiple ultrasound devices on the network Simulta 
neously, the Voice information that is accessed first or, 
alternatively, the Voice information that is the most up-to 
date can be used. 

0032) To select customized voice information (stored in 
an external Server 25 or in a Server integrated with the 
ultrasound imaging System or review station), the user can 
identify himself by providing non-verbal identification 
information, Such as by typing his user name and password 
into a log-in Screen. If the Voice recognition unit 20 com 
prises a speaker identification engine (Such as Keyware by 
Keyware Technologies or SpeakEZ Voice Print by T-Netix 
Inc.), the user can also identify himself by providing verbal 
identification information. For example, with a speaker 
identification engine, the Voice recognition unit 20 can 
identify the user when he Voices a command to the Voice 
input device 15 or when he provides a voice Sample to gain 
access to the ultrasound System or review Station, as 
described in U.S. patent application Ser. No. (Attor 
ney Docket No. 5050/292), which is hereby incorporated by 
reference and assigned to the assignee of the present appli 
cation. 

Applications 

0.033 AS described above, the voice recognition unit 10 
can be implemented in either an ultrasound imaging System 
or an ultrasound review Station to control the operation of 
the System or Station. For example, by using the Voice 
recognition unit 10 with an ultrasound review Station, 
instructions to the review Station can be given using voice 
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commands instead of or in combination with using a mouse, 
keyboard, or other user interface that requires physical 
manipulation by the user. A Verbal interface provides a user 
with a much more user-friendly interface, especially for 
those users who have difficulty finding the desired function 
in complex window and menu hierarchies or who have 
trouble manipulating pointing devices. With the Voice rec 
ognition unit 10, a user can instruct the review Station to 
View a desired report, worksheet, Study list, or image. The 
user can also use Voice commands to navigate through 
display information (e.g., "page up’), respond to visual 
requests (e.g., "press ok "), and perform operations (e.g., 
“Zoom image 5'). The Voice command can also be associ 
ated with multiple operations. For example, the command 
“use equation A to calculate birth weight' can trigger the 
ultrasound review System to perform the requested calcula 
tion and place the result into a particular Section of an 
ultrasound examination report. Such operations can refer 
ence imaging, post-processing, and computational and cal 
culation data. 

0034. The following is a description of specific imple 
mentations of methods that can be performed with a voice 
recognition unit. For Simplicity, the following embodiments 
will be described in terms of an ultrasound review station. It 
is important to note that all of these implementation can also 
be implemented on an ultrasound imaging System and that 
one or more of these applications can be used in combina 
tion. 

0035) In one preferred embodiment, the voice recognition 
unit 10 implements a method for using Voiced commands to 
insert a textual phrase into a Section of an ultrasound 
examination report. AS used herein, the term "phrase' refers 
to a String of one or more characters, Such as one or more 
letters, words, numbers, or Symbols, and the term “insert” 
refers to inserting, overwriting, replacing, and/or adding at 
a specified location. Such a method is illustrated in the flow 
chart of FIG. 4. The first step in this method is to receive a 
Voice request to create an ultrasound examination report 
(40). As shown in FIG. 5, there are typically several types 
of ultrasound examination reports available to the user. Each 
report is associated with a particular type of ultrasound 
examination. For example, an ultrasound examination report 
can be used to provide information about a normal obstetrics 
examination 50, a StreSS-echo examination 52, or a vascular 
examination 54. Each report also has at least one Section that 
will accept information from a user. For example, the normal 
obstetricS examination report 50 includes patient history, 
fetal weight, fetal anatomy, and diagnosis Sections. 

0036). In response to the voiced request to create a par 
ticular ultrasound examination report, the ultrasound review 
Station displays the report template to the user. For example, 
if the user requests a normal obstetricS examination report, 
the template with the Sections associated with Such a report 
is displayed to the user, as shown in FIG. 6. The user is also 
informed which Section in the report is active (i.e., which 
Section will received input from the user). For example, a 
cursor positioned in the diagnosis Section would inform the 
user that the diagnosis Section will receive input. 

0037 Next, a voiced command is received from the user 
to insert a textual phrase into the active Section (41). 
Preferably, the voiced command is a single word or short 
phrase that triggers a macro for the insertion of a longer 
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textual phrase into the report. For example, the command 
"normal diagnosis' can be associated with the textual phrase 
“There is no evidence of abnormal development. The fetus 
is normal.” To assist the user in Selecting a command, the 
available Voice commands for the active Section can be 
provided to the user, for example, by displaying a menu of 
available commands for that Section. In the example shown 
in FIG. 7, the menu 70 informs the user that the commands 
"normal diagnosis,”“retarded growth,”“normal anatomy,” 
and “long neck” are available for the diagnosis Section. In 
one preferred embodiment, the menu is automatically dis 
played to the user, while in another preferred embodiment, 
the menu is provided and/or removed in response to a Verbal 
request from the user. 

0.038. To increase recognition performance, each section 
of the report can be associated with a respective Set of 
textual phrases. To convert the Voiced command into a 
textual phrase, first the Set of textual phrases associated with 
the active section is identified (42), and then the voiced 
command is converted into one of the textual phrases from 
the set (43). By basing the conversion on only those textual 
phrases associated with the active Section instead of all 
available textual phrases, recognition performance is 
enhanced. Finally, the textual phrase is inserted into the 
section (44). This method can be used instead of or in 
conjunction with a pure transcription Service. Additionally, 
a user can Voice commands to perform an editing operation 
(e.g., cut-and-paste) to the ultrasound examination report or 
to insert an ultrasound image into the report. 

0039. In another preferred embodiment, the voice recog 
nition unit is used to place a marker on an ultrasound image 
displayed on a display device of an ultrasound review 
Station. AS used herein, the term “marker' is intended to 
broadly refer to any textual word or phase or any graphic 
that can be displayed on an ultrasound image displayed on 
a display device of an ultrasound imaging System or review 
Station. A marker includes, but is not limited to, a word or 
phase used to identify anatomy and a geometric shape (Such 
as a Square or circle) used to identify a region of interest. 

0040 FIG. 8 is a flow chart of a preferred method for 
using voice commands to display a marker on an ultrasound 
image, which will be illustrated in conjunction with the 
ultrasound images shown in FIGS. 9-11. FIG. 9 is an 
illustration of an ultrasound image 90 displayed on a display 
device 92 of an ultrasound review station. When the user 
desires to place a marker on the ultrasound image 90, he 
positions a pointer 94 over the location on the ultrasound 
image 90 where he wishes to place the marker. After the 
pointer is positioned, the user issues a voice command to 
display the marker on the image (80). For example, if the 
user wishes to label the image 90 under the pointer 94 with 
the word "lung,” he would issue a voiced command Such as 
“lung.” When voice commands are used for a plurality of 
applications, it is preferred to provide the System with a 
Voiced command indicating that a Subsequent voiced com 
mand will be associated with a marker. For example, the 
voiced command “label” can be given before every voiced 
command for a marker to inform the System that it should 
display the marker associated with the first Subsequent 
Voiced command. Alternatively, the Voiced command "label 
on' can be given once, and all Subsequent voiced commands 
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can be converted to markers until the Voiced command 
“label off is given or until another command is issued that 
implicitly ends labeling. 

0041) Next, the received voiced command is converted 
into a marker displayable on the display device (82). In one 
embodiment, the received Voiced command is compared to 
the System's entire Voice information to determine which 
marker is associated with the Voiced command. To improve 
recognition, it is preferred that only a Subset of the Voice 
information be used to convert the Voiced command into a 
marker. Preferably, ultrasound images are classified by a 
Study type, and only those markers associated with that 
Study type are used to convert the Voiced command into a 
marker. An indication of the Study type can be provided with 
the image, or the System can analyze the image to determine 
the Set of anatomical regions and the corresponding Vocabu 
lary. 

0042. After the voiced command is converted to a 
marker, the marker is displayed on the ultrasound image 
(84). As shown in FIG. 10, the word “lung” is displayed on 
the ultrasound image 90 at the location identified by the 
pointer 94 in FIG. 9. In this way, a user can rapidly name 
Structure and apply markers identifying that Structure to the 
relevant parts of an image. AS mentioned above, a geometric 
shape can be used as a marker. This finds particular appli 
cation when a Sonographer notices a diagnostic region of 
interest that a physician should review but does not wish to 
alarm the patient. In this case, the Sonographer can position 
the pointer 94 over a location of the ultrasound image (as 
shown in FIG. 10) and issue a voiced command, such as 
“rectangle.” This voiced command results in a rectangle 96 
displayed on the image 90, as shown in FIG. 11. 
0043. In the embodiment describe above, a user first 
positioned a pointer over an ultrasound image, and the 
marker was placed on the image at the location identified by 
the pointer. In an alternate embodiment, the marker that is 
displayed on the ultrasound image can be positioned by the 
user with a pointing device Such as a mouse. Pressing the 
mouse button would pin the marker in place. Further, a 
Voiced command can be converted into a plurality of mark 
ers that are each positioned by the user. For example, if the 
user SayS“tumors, multiple "tumor markers are displayed. 
The user then can use a pointing device to drag and drop 
each marker at the appropriate location on the image. 
Additionally, the user can position the pointer over a dis 
played marker and Voice a command to copy or delete the 
marker. 

0044) In another preferred embodiment shown in FIG. 
12, a first ultrasound device 100 comprising a voice input 
device 110 and a voice recorder 120 is coupled with a server 
130 comprising a voice storage device 140. The server 130 
is also coupled with a second ultrasound device 150 com 
prising a voice recognition unit 160. AS used in this pre 
ferred embodiment and those described below, the term 
“ultrasound device' is intended to define either an ultra 
Sound imaging System or an ultrasound review Station. For 
example, in the embodiment shown in FIG. 12, the first 
ultrasound device 100 can be an ultrasound imaging System, 
and the second ultrasound device 150 can be an ultrasound 
review Station. 

0045. With the network relationship shown in FIG. 12, 
voice signals provided to the voice input device 110 of the 
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first ultrasound device 100 are converted into digital form by 
the voice recorder 120 and are transmitted for storage in the 
voice storage device 140 of the server 130. These stored 
Voice Signals can then be transmitted to the Second ultra 
sound device 150 for conversion by its voice recognition 
unit 160. In one alternate embodiment, instead of using a 
network relationship, Voice Signals can be transferred from 
the first ultrasound device 100 via a portable storage device, 
Such as a magneto-optical disc, or via a communication link 
(Such as a cable) directly coupling the first and Second 
ultrasound devices 100, 150. In another alternate embodi 
ment shown in FIG. 13, the server 230 has a voice recog 
nition unit 240 and Supplies the Second ultrasound device 
250 with a command Signal instead of a voice signal. In yet 
another alternate embodiment, the server 230 provide sev 
eral ultrasound devices in the ultrasound network with the 
command Signal. This is particularly useful in teaching 
environments, in which the command Signal can be used to 
control Several devices on the network. Also, the first and 
Second ultrasound devices can be the same device, Such as 
when an ultrasound imaging System provides voiced com 
mands to the Server, and the Server returns command Signals 
to the ultrasound imaging System. 
0046) These preferred embodiments are particularly use 
ful when the first ultrasound device is an ultrasound imaging 
System and the Second ultrasound device is an ultrasound 
review Station. After an ultrasound examination is per 
formed with the ultrasound imaging System, a user can 
dictate information into the voice input device for a report to 
be generated for the examination on the review Station. The 
dictated information is recorded by a voice recorder of the 
ultrasound examination System, and the Voice data is pro 
Vided to the ultrasound imaging System via the Server or 
portable Storage device. The Voice recognition unit of the 
Server or ultrasound review Station transcribes the Voice data 
and inserts the transcription into an ultrasound examination 
report. The above-described embodiments associated with 
generating an ultrasound examination report can be used to 
enhance recognition. For example, in dictating a Normal OB 
report, the user can utter: “Diagnosis Section: Normal diag 
nosis'. On conversion, the command "normal diagnosis” 
would be trigger a macro to provide a textual phrase in the 
diagnosis section of a Normal OB report. 

Voice Feedback 

0047 Avoice production unit can be used with to provide 
Voice feedback with an ultrasound imaging System or review 
station, and FIG. 14 provides a block diagram of a voice 
production unit 310 of a preferred embodiment. As shown in 
FIG. 14, the voice production unit 310 is coupled with a 
voice output device 320 (Such a speaker) and a processor 
300 of an ultrasound imaging system or review station. As 
with the Voice recognition unit, the Voice production unit 
310 can comprise hardware and/or Software components. A 
suitable voice production unit 310 can be purchased from 
Dragon Systems, Elan Informatique, IBM, Microsoft, Elo 
quent, Lernout & HaSupie, and AcuVoice. The Voice pro 
duction unit 310 can generate a Synthesized or pre-recorded 
voice. In operation, the processor 300 provides the voice 
production unit 310 with a voice output signal. The voice 
production unit 310 converts this signal to a Voice Signal and 
provides the voice signal to the voice output device 320. 
0.048. With a voice production unit 310, an ultrasound 
imaging System or review Station can bring information to 
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the user's attention using voice feedback instead of or along 
with displaying Such information visually. In this way, the 
ultrasound imaging System or review Station can communi 
cate with a user without cluttering a display Screen. Addi 
tionally, Voice feedback can be used to provide the user with 
information that is of interest but not important enough to 
merit distracting the user by presenting it visually. In this 
way the information can be provided to the user as back 
ground audio, which the user can choose to ignore. The 
Voice production unit can be used with or integrated with a 
Voice recognition unit, Such as when the Voice production 
unit and the Voice recognition unit share Some or all or its 
hardware and/or Software components. An ultrasound imag 
ing System or review Station using both a voice recognition 
unit and a voice production unit can provide a fluid voice 
environment. For example, Voice feedback can be used to 
confirm an action ("Are-you-Sure'?) and can also be used to 
reply to a voiced request (e.g., User asks, "Is the study in 
room 10 done? and the system responds in voice, “The study 
is complete and prior studies are being obtained”). The voice 
production unit can also be used to provide Verbal alerts, the 
Status of a Voice recognition unit, and an indication of a 
completion of an activity. To avoid interruptions, the user 
can also command the System not to provide Voice feedback. 

Voice-Related User Interfaces 

0049. There are several voice-related user interfaces that 
can be used with an ultrasound imaging System or review 
Station. A user can issue Voiced commands to an ultrasound 
imaging System or review Station via a headset, a wireleSS 
microphone (Such as a microphone manufactured by Shure), 
an attached microphone, or an array microphone. To allow 
a user to work closer to a patient, the ultrasound transducer 
shown in FIGS. 15 and 16 can be used. FIG. 15 is an 
illustration of a preferred ultrasound transducer 400. This 
ultrasound transducer 400 has at least one transducer ele 
ment and a microphone 405. Both the transducer element(s) 
and microphone 405 provide electrical signals to an ultra 
Sound imaging System coupled with the ultrasound trans 
ducer 400. In the transducer 400 shown in FIG. 15, the 
microphone 405 is built-into the transducer 400, and a single 
electrical connector 407 carries the electrical signals from 
the transducer element(s) and the microphone 405 to the 
ultrasound imaging system. In FIG. 16, the microphone 415 
is added onto the transducer 410 as a removably-coupled 
component, which has an electrical connector 417 that is 
Separate from the connector 412 used to carry electrical 
Signals from the transducer element(s), although any appro 
priate number of connectors (including a single connector) 
can be used. 

0050. In another preferred embodiment, voice commands 
can be used to assign a function to a user interface device 
built into or attached to an ultrasound imaging System or 
ultrasound review Station. The user interface device can take 
any Suitable form (such as, but not limited to, a wheel, 
button, trackball, slider, and knob) attached directly or 
indirectly to the ultrasound imaging System or review Sta 
tion. For example, the user interface can be a pre-existing 
button on an ultrasound review Station keyboard or a spe 
cially-designed knob added to an ultrasound imaging Sys 
tem. The user interface device can also be part of or attached 
to an ultrasound transducer. For example, FIG. 17 is an 
illustration of an ultrasound transducer 420 with a built-in 
slider 425, and FIG. 18 is an illustration of an ultrasound 
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transducer 430 with a removably-attached slider 435. 
Although two separate electrical connectors are shown in 
FIG. 17, a single connector can be used. With the user 
interface device on the transducer, continuous or button-type 
controls previously located at the ultrasound imaging System 
can be manipulated at a distance. 
0051 FIG. 19 is a flow chart of a preferred method for 
using voice commands to assign a function to an ultrasound 
imaging System or ultrasound review Station user interface. 
First, a voiced command from the user is received (500). 
This voiced command is converted into a function (510), and 
the function is assigned to a user interface device (520). 
When the user manipulates the user interface device causing 
it to transmit a signal to the processor of the ultrasound 
imaging System or review Station, the assigned function is 
performed (530). 
0.052 With these preferred embodiments, the function of 
a user interface device can be easily changed by voice, Such 
as when an ultrasound transducer has both a built-in depress 
ible wheel and an attached microphone. As a user is per 
forming an ultrasound examination, he speaks the word 
"gain” into the microphone of the ultrasound transducer. The 
ultrasound imaging System would then assign the gain 
function to the wheel. When the user Scrolls the wheel 
forward, the ultrasound imaging System would increase the 
gain, and when the user Scrolls the wheel backwards, the 
ultrasound imaging System would decrease the gain. If the 
user then says "image, an image would be generated when 
the user presses the depressible wheel. In this way, by 
issuing Simple voice commands, the user can control a 
variety of functions with a single user interface device. Of 
course multiple user interface devices can be used in com 
bination. 

0.053 Appendix A provides further details of a presently 
preferred embodiment. Additionally, while the above-pre 
ferred embodiments were described above with respect to an 
ultrasound review Station, review Stations for use with other 
imaging modalities can be used. 
0.054 The foregoing detailed description has described 
only a few of the many forms that this invention can take. 
Of course, many changes and modifications are possible to 
the preferred embodiments described above. For this reason 
it is intended that this detailed description be regarded as an 
illustration and not as a limitation of the invention. It is only 
the following claims, including all equivalents, that are 
intended to define the Scope of this invention. 

54. A method for using voice commands to insert a textual 
phrase into a Section of an ultrasound examination report, 
the method comprising: 

(a) receiving a voiced command from a voice input device 
of an ultrasound imaging System to insert a textual 
phrase into a Section of an ultrasound examination 
report; 

(b) identifying a set of textual phrases associated with the 
Section; 

(c) converting the received voiced command into a textual 
phrase Selected from the Set of textual phrases identi 
fied in (b); and 

(d) inserting the textual phrase Selected in (c) into the 
Section. 
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55. The method of claim 54 further comprising receiving 
a voiced request to create an ultrasound examination report, 
the ultrasound examination report comprising a plurality of 
Sections associated with a respective set of textual phrases. 

56. The method of claim 54 further comprising automati 
cally displaying a set of available Voice commands associ 
ated with the Section. 

57. The method of claim 54 further comprising: 

(e) receiving a voiced request for a display of a set of 
available voice commands associated with the Section; 
and 

(f) displaying the Set of available voice commands asso 
ciated with the Section in response to the Voiced request 
received in (e). 

58. The method of claim 54, wherein (a) comprises 
receiving a voiced command to insert a textual phrase into 
a Section of an ultrasound examination report displayed on 
an ultrasound imaging System. 

59. The method of claim 54, wherein (a) comprises 
receiving a voiced command to insert a textual phrase into 
a Section of an ultrasound examination report displayed on 
an ultrasound review Station. 

60. The method of claim 54 further comprising: 

(e) receiving a voiced request to insert an image into a 
Section of the ultrasound examination report; and 

(f) inserting the image into the ultrasound examination 
report in response to the voiced request received in (e). 

61. The method of claim 54 further comprising: 

(e) receiving a voiced request to edit a section of the 
ultrasound examination report; and 

(f) editing the Section of the ultrasound examination 
report in response to the voiced request received in (e). 

62. A method for using voice commands to insert a textual 
phrase into a Section of an ultrasound examination report, 
the method comprising: 

(a) receiving a voiced command from a voice input device 
of an ultrasound review Station to insert a textual phrase 
into a Section of an ultrasound examination report; 

(b) identifying a set of textual phrases associated with the 
Section; 

(c) converting the received voiced command into a textual 
phrase Selected from the Set of textual phrases identi 
fied in (b); and 

(d) inserting the textual phrase Selected in (c) into the 
Section. 

63. The method of claim 62 further comprising receiving 
a voiced request to create an ultrasound examination report, 
the ultrasound examination report comprising a plurality of 
Sections associated with a respective set of textual phrases. 

64. The method of claim 62 further comprising automati 
cally displaying a set of available Voice commands associ 
ated with the Section. 

65. The method of claim 62 further comprising: 

(e) receiving a voiced request for a display of a set of 
available voice commands associated with the Section; 
and 
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(f) displaying the set of available voice commands asso 
ciated with the Section in response to the Voiced request 
received in (e). 

66. The method of claim 62, wherein (a) comprises 
receiving a voiced command to insert a textual phrase into 
a Section of an ultrasound examination report displayed on 
an ultrasound imaging System. 

67. The method of claim 62, wherein (a) comprises 
receiving a voiced command to insert a textual phrase into 
a Section of an ultrasound examination report displayed on 
an ultrasound review Station. 

68. The method of claim 62 further comprising: 
(e) receiving a voiced request to insert an image into a 

Section of the ultrasound examination report; and 
(f) inserting the image into the ultrasound examination 

report in response to the voiced request received in (e). 
69. The method of claim 62 further comprising: 
(e) receiving a voiced request to edit a section of the 

ultrasound examination report; and 

(f) editing the Section of the ultrasound examination 
report in response to the voiced request received in (e). 

70. A method for using voice commands to display a 
marker on an ultrasound image, the method comprising: 

(a) receiving a voiced command from a user; 
(b) converting the received Voiced command into a 

marker displayable on a display device, and 

(c) displaying the marker on an ultrasound image dis 
played on the display device. 

71. The method of claim 70, wherein (b) comprises 
converting the received voiced command into at least one 
word, and wherein (c) comprises displaying said at least one 
word on an ultrasound image displayed on the display 
device. 

72. The method of claim 71, wherein (b) comprises 
converting the received voiced command into at least one 
anatomical-identifying word, and wherein (c) comprises 
displaying Said at least one anatomical-identifying word on 
an ultrasound image displayed on the display device. 

73. The method of claim 70, wherein (b) comprises 
converting the received voiced command into a geometric 
shape, and wherein (c) comprises displaying the geometric 
shape on an ultrasound image displayed on the display 
device. 

74. The method of claim 70, wherein an ultrasound image 
is associated with one of a plurality of Study types, wherein 
each of Said plurality of Study types is associated with a 
respective set of markers, and wherein (b) comprises: 

(b1) identifying a study type of the ultrasound image; 
(b2) identifying a set of markers associated with the study 

type, and 

(b3) converting the received voiced command into a 
marker selected from the set of markers identified in 
(b2). 

75. The method of claim 70 further comprising receiving 
a voiced command from a user indicating that a Subsequent 
Voiced command will be associated with a marker, Said 
receiving occurring before (a). 
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76. The method of claim 70, wherein (c) comprises 
displaying the marker on the ultrasound image at a position 
indicated by a pointer displayed on the ultrasound image. 

77. The method of claim 70, wherein (c) comprises 
Selecting a location on the ultrasound image to position the 
marker. 

78. The method of claim 70, wherein (b) comprises 
converting the received Voiced command into a plurality of 
markers, and wherein (c) comprises selecting a plurality of 
locations on the ultrasound image to respectively position 
each of the plurality of markers. 

79. The method of claim 70 further comprising: 

(d) positioning a pointer over a marker displayed on the 
ultrasound image; 

(e) receiving a verbal delete command from a user; and 

(f) removing the marker from the ultrasound image in 
response to the received verbal delete command. 

80. The method of claim 70 further comprising: 

(d) positioning a pointer displayed on the ultrasound 
image over the marker; 

(e) receiving a verbal copy command from the user; 
(f) creating a copy of the marker in response to the 

received verbal copy command; and 

(g) positioning the copy of the marker on another location 
of the ultrasound image. 

81. A method for providing voice data from a first to a 
Second ultrasound device, the method comprising: 

(a) receiving voice data with a first ultrasound device; 
(b) providing a second ultrasound device with the voice 

data received in (a); and 
(c) with the Second ultrasound device, converting the 

Voice data into a command Signal recognizable by a 
processor of the Second ultrasound device, the first and 
Second ultrasound devices being devices Selected from 
the group of ultrasound devices consisting of an ultra 
Sound imaging System and an ultrasound review sta 
tion. 

82. The method of claim 81, wherein (b) comprises: 
(b1) transmitting the voice data received in (a) to a server 

coupled with the first and Second ultrasound devices, 
and 

(b2) with the server, transmitting the Voice data received 
in (b1) to the second ultrasound device. 

83. The method of claim 81, wherein (b) comprises: 
(b1) storing the Voice data received in (a) on a portable 

Storage device; and 

(b2) providing the portable storage device to the Second 
ultrasound device. 

84. The method of claim 81, wherein (b) comprises 
transmitting the voice data received in (a) to the Second 
ultrasound device via a communication link directly cou 
pling the first and Second ultrasound devices. 
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85. A method for providing a command signal from a first 
to a Second ultrasound device, the method comprising: 

(a) receiving voice data with a first ultrasound device; 
(b) transmitting the voice data received in (a) to a server 

coupled with the first ultrasound device; and 
(c) with the server, converting the voice data transmitted 

in (b) to a command Signal recognizable by a processor 
of a Second ultrasound device; and 

(d) with the server, providing the command Signal to the 
Second ultrasound device, the first and Second ultra 
Sound devices being devices Selected from the group of 
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ultrasound devices consisting of an ultrasound imaging 
System and an ultrasound review Station. 

86. The method of claim 85 further comprising: 
(e) with the server, providing the command Signal to the 

third ultrasound device, the third ultrasound device 
being a device Selected from the group of ultrasound 
devices consisting of an ultrasound imaging System and 
an ultrasound review Station. 

87. The method of claim 85, wherein the first ultrasound 
device comprises the Second ultrasound device. 


