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(54) Method and apparatus for acquisition and analysis of non-imaging data collected during
ultrasound exam

(57) A method and a system for acquiring and ana-
lyzing non-imaging data collected during an ultrasound
examination for the purpose of reporting ultrasound de-
partment performance characteristics. This is accom-
plished by tracking user keystrokes whenever the ultra-
sound imaging system is turned on, acquiring (46) the
keystroke data from the ultrasound system and then us-
ing this data for departmental performance analysis
(47). During an examination, the ultrasound system user
presses buttons and selects items from menus on the
operator interface (16). These keystrokes invoke func-
tions or change operating parameters on the ultrasound
imaging system. Simultaneously, a code representing
the keystroke is stored in electronic storage (49). Along
with this code, the date, time and values being set or
adjusted are also stored. Subsequently, the data in the
electronic storage can be extracted (51) for use in anal-
ysis of the use of the ultrasound imaging system.
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Description

[0001] The present invention relates generally to the
operation of an ultrasound imaging system. In particular,
the invention relates to methods for measuring produc-
tivity within a department which performs ultra-sound
examinations.
[0002] Ultrasound imaging systems are often called
upon to produce reliable and understandable images
within demanding schedules and over a considerable
useful life. To ensure proper operation, the systems are
serviced regularly by highly trained personnel who ad-
dress imaging problems, configure and calibrate the
systems, and perform periodic system checks and soft-
ware updates. Moreover, service offerings have been
supplemented in recent years by service centers capa-
ble of contacting scanners at subscribing institutions di-
rectly without the need for intervention on the part of the
institution personnel. Such centralized servicing is in-
tended to maintain the ultrasound imaging system in
good operational order without necessitating the atten-
tion of physicians or radiologists, and is often quite
transparent to the institution.
[0003] In certain centralized servicing systems, a
computerized service center may contact a scanner via
a network to check system configurations and opera-
tional states, to collect data for report generation, and
to perform other useful service functions. Such contacts
can be made periodically, such as during system
"sweeps", in which a variety of system performance data
is collected and stored with historical data for the par-
ticular scanner. The data can then be used to evaluate
system performance, propose or schedule visits by
service personnel, and the like.
[0004] In addition, currently available service systems
also permit some degree of interaction between service
centers and institutions. For example, an interactive
service system is known which facilitates valuable ex-
changes of information, including reports of system per-
formance, feedback on particular incidents requiring at-
tention, updates of system licenses, software, imaging
protocols, etc. In particular, a platform has been devel-
oped that allows a central service facility to exchange
information on possible service problems with remotely
located scanners, and to retrieve information or data log
files from scanners for the purpose of servicing those
scanners.
[0005] Within a department having one or more ultra-
sound imaging systems operated by one or more sys-
tem operators, it is important to make efficient usage of
the available equipment. In the case where multiple
technicians having different skill levels operate the
same equipment, it would be desirable to monitor oper-
ator performance during an ultrasound examination.
Preferably the central service facility would extract data
from the remote ultrasound imaging systems in a de-
partment, perform an analysis of ultrasound department
performance characteristics, and then download a per-

formance report to the department manager at the re-
mote facility. Alternatively, a field service engineer visit-
ing the remote site would be able to extract the same
data and generate the same report.
[0006] The present invention is directed to a method
and a system for acquiring and analyzing non-imaging
data collected during an ultrasound examination for the
purpose of reporting ultrasound department perform-
ance characteristics. In accordance with the preferred
embodiments of the invention, this is accomplished by
tracking user keystrokes whenever the ultrasound im-
aging system is turned on, acquiring the keystroke data
from the ultrasound system and then using this data for
departmental performance analysis. As used herein, the
term "keystroke" includes operation of input devices on
the operator interface or on an ultrasound probe, the se-
lection of menu items on a graphical user interface, as
well as the act of plugging in a probe or lifting a probe
off of its yoke.
[0007] During an examination, the ultrasound system
user presses buttons and selects items from menus on
the operator interface. These keystrokes invoke func-
tions or change operating parameters on the ultrasound
imaging system. Simultaneously, a code representing
the keystroke is stored in electronic storage. Along with
this code, the date, time and values being set or adjust-
ed are also stored. This information is preferably saved
in long-term storage, so that many days worth of "key-
stroke logs" can be analyzed.
[0008] Subsequently, the data in the electronic stor-
age can be extracted for use in analysis of the use of
the ultrasound imaging system. The analysis can take
place at a central service facility or off-line in other com-
putational equipment at the remote site. Alternatively,
the analysis could be performed on the ultrasound im-
aging system itself. In the latter case, a system controller
could be programmed with keystroke analysis software.
[0009] In accordance with the preferred embodiment
of the invention, the keystroke data is sorted, filtered and
then reported in spreadsheet, chart or other formats. In
particular, the data, when extracted, can be sorted to
determine productivity measurements such as: (1) the
number of exams performed by type, day operator, re-
ferring physician, etc.; (2) the length of time of exams,
individually, collectively, or by specific type; (3) a com-
parison of the productivity of individual operators; (4)
conformance to departmental processes and proce-
dures (useful for quality system validation); and (5) a
determination of the key factors affecting departmental
productivity. The invention is not limited to these exam-
ples of productivity measurements which can be made.
[0010] In accordance with the preferred embodiment
of the invention, a central service facility acquires key-
stroke data from one or more remotely located ultra-
sound imaging systems via a network. The system con-
troller of the ultrasound imaging system is programmed
to store encoded keystroke data whenever the system
is turned on. A keystroke analysis server at the central
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service facility is programmed to retrieve the stored key-
stroke data from one or more selected ultrasound imag-
ing systems. The acquired keystroke data is then sorted
and filtered in accordance with a keystroke analysis rou-
tine. Then appropriate reports can be generated for use
by the service facility or by the remote facility if the con-
tract or subscription with the latter provides for such re-
porting.
[0011] In accordance with one preferred embodiment,
a system comprises a central service facility connected
to a multiplicity of remotely located ultrasound imaging
systems via a network. Each imaging system compris-
es: means for storing keystroke data; means for trans-
mitting the key-stroke data to the network addressed to
the service facility; and means for receiving a perform-
ance analysis from the network. The service facility
comprises: means for receiving the keystroke data via
the network; means for analyzing the keystroke data;
means for generating a report of performance analysis
results; and means for transmitting the report to the net-
work addressed to the ultrasound imaging system. Al-
ternatively, the report can be sent to an administrative
workstation at the remote facility instead of to the ultra-
sound imaging system itself.
[0012] In accordance with another preferred embodi-
ment, the keystroke analysis may be performed at a
workstation which is located at the remote site and
which communicates with one or more ultrasound im-
aging systems via a local area network. Alternatively,
the workstation for performing keystroke analysis may
be a standalone station, with the keystroke data being
conveyed by storing the keystroke data on a disk at the
ultrasound imaging system and then physically convey-
ing the disk to the workstation.
[0013] In accordance with an alternative preferred
embodiment, the system controller of the remote ultra-
sound imaging system can be programmed to analyze
its own keystroke data. There are, however, limitations
on available processing power and the ability to com-
pare the results to the results of other similarly situated
systems.
[0014] Embodiments of the invention will now be de-
scribed, by way of example, with reference to the ac-
companying drawings, in which:-

FIG. 1 is a schematic showing a front view of an
ultrasound imaging system having a plurality of in-
terchangeable probe assemblies.

FIG. 2 is a block diagram of a transducer interface
by which a transducer probe can be interfaced to
an ultrasound imaging system.

FIG. 3 is a concept drawing of a known integral
yoke/ transducer connector used in system shown
in FIG. 1.

FIG. 4 is a schematic showing a typical control pan-

el of a conventional ultrasound imaging system.

FIG. 5 is a block diagram showing an ultrasound
imaging system in which keystroke data is stored in
electronic memory.

FIG. 6 is a diagrammatical representation of a plu-
rality of remotely located ultrasound imaging sys-
tems coupled to a central service facility via a net-
work connection for providing centralized analysis
of keystroke data.

FIG. 7 is a block diagram of certain functional com-
ponents within an ultrasound imaging system of the
type shown in FIG. 1 for facilitating interactive cen-
tralized servicing of the ultrasound imaging system.

FIG. 8 is a block diagram of certain functional com-
ponents of an exemplary central service facility for
rendering interactive centralized service to a plural-
ity of remotely located medical diagnostic systems.

[0015] In accordance with the preferred embodiments
of the invention, keystroke data is stored in electronic
memory during operation of an ultrasound imaging sys-
tem. Examples of "keystrokes" which are input to an ul-
trasound imaging system in accordance with the pre-
ferred embodiments are described with reference to
FIGS. 1-4.
[0016] FIG. 1 shows an ultrasound imaging system
having a plurality of interchangeable transducer probes.
The system comprises a mobile main unit 10 which is
transportable on a plurality of wheels 12. The main unit
includes a housing 14, an operator panel 16 and a dis-
play monitor 18. The housing 14 has a plurality of ports
(not shown) by means of which a plurality of transducer
probes 20 can be coupled to the signal processing sub-
systems located inside housing 14. Typically each probe
is designed to meet the requirements of a specific ap-
plication. The transducers fall into four general catego-
ries: phased array, linear, convex and specialty (i.e.,
transducers designed for imaging specific body parts).
[0017] Each transducer probe is coupled to a respec-
tive port of the ultrasound imaging system via a coaxial
cable 22 and a transducer connector 24. The transducer
connectors are interchangeable in the sense that each
connector can be plugged into any port. A set of yokes
26 are provided for holding the respective transducers
when they are not being used, as shown in FIG. 1. Each
yoke is attached to a corresponding transducer connec-
tor. The transducer probe, coaxial cable, connector and
yoke form a transducer probe assembly. If the operator
wishes to connect a different probe to the system, an
entire probe assembly is removed and replaced by the
new probe assembly.
[0018] The structure of the integral yoke/transducer
connector is shown in detail in FIG. 2. The transducer
probe 20 has an array of transducer elements (not
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shown) which transmit ultrasound in a transmission
mode and receive ultrasound echoes from the anatomy
being examined in a reception mode. The signal elec-
trodes of the transducer elements are electrically con-
nected to one end of respective conductive wires (not
shown) of the coaxial cable 22. The other end of the con-
ductive wires of coaxial cable 22 are electrically con-
nected to circuitry inside the connector box 30. The con-
nector circuitry is in turn electrically connected to the
port (not shown) in which it is plugged. That port is elec-
trically connected to a transducer interface board (de-
scribed in detail below with reference to FIG. 3).
[0019] A probe switch 32 is incorporated in the inte-
gral yoke/transducer connector. This probe switch func-
tions as a means of telling the system when the probe
20 has been lifted out of the probe holder or yoke 26.
The probe switch 32 supplies a simple "on" and "off' pas-
sive response (single pole, single throw). The switch is
closed when the probe is off the yoke and open when
the probe is on the yoke. Each transition from an "on"
to an "off" state and each transition from an "off' to an
"on" state is deemed to be a "keystroke" for purposes
of the present invention. Each such transition is encod-
ed and stored in electronic memory.
[0020] The ultrasound imaging system utilizes the sig-
nal produced by the probe switch in determining the next
transducer probe to be activated. In particular, a stack
of probe identifiers, having an order which is determined
by the order in which unactivated normal transducers
attain a state of being both connected and out of their
respective holder, is maintained by the system control-
ler, which cooperates with the transducer interface 34
shown in FIG. 3. Up to four transducer probes can be
connected to the imaging system via transducer con-
nectors 24a-24d. When any one of the transducer con-
nectors is plugged into a corresponding port in the im-
aging system, a Probe Present signal is produced which
is stored in a probe present register 36.
[0021] As described above, each connector 24a-24d
has a probe switch 32 (as shown in FIG. 2) for indicating
whether the corresponding probe is coupled to the cor-
responding yoke. The resulting probe switch hook sta-
tus signal is input into the system via a pin on the trans-
ducer connector. This pin is pulled high by a resistor on
the transducer interface board 34. A transducer probe
will either leave the pin floating, or ground the pin to form
a signal indicating that the probe has been removed
from its yoke. The resulting probe switch hook status
signal is stored in a probe switch hook status register
38. In addition, each transducer type has a unique 8-bit
probe ID code. The transducer connector has a respec-
tive pin for each bit of the probe ID code. These pins are
pulled high by resistors on the transducer interface
board 34. A transducer will either leave the pins floating,
or ground them to form its unique probe ID. The probe
ID signals are stored in a probe ID register 40. Depend-
ing on the contents of registers 36, 38 and 40, a system
controller 48 outputs a Probe Select signal to the probe

activation circuitry 42 on the transducer interface board
34. Probe activation circuitry 42 activates the selected
transducer probe in response to that Probe Select sig-
nal.
[0022] A transducer selection control program is
stored in system controller 48. The system controller pe-
riodically reads the contents of registers 36, 38 and 40
and processes the retrieved information in accordance
with a stored algorithm to select a transducer for activa-
tion. The Probe Select signal sent to the probe activation
circuitry 42 identifies the selected transducer. The se-
lected transducer is activated by the probe activation cir-
cuitry 42 via the associated transducer connector. Ra-
diofrequency data from the transducer element array is
then multiplexed, under the control of the system con-
troller, from the transducer connector to the beamform-
ing circuitry (not shown) via the RF data lines 44 on the
transducer interface board 34.
[0023] As should be apparent from the foregoing de-
scription, the system controller is able to detect which
probe is active at each instant during system operation.
In accordance with the preferred embodiment of the
present invention, the time when a probe is activated (i.
e., its probe switch undergoes a transition from the "on"
to the "off' state) and the ID code for that activated probe
are recorded electronically. Thus, the system maintains
an electronic history evidencing which probes were
used by the system operator during an examination.
Subsequent analysis of that electronic data can reveal
whether the system operator used the appropriate
probe for a particular examination and the length of time
each probe was activated.
[0024] In accordance with the preferred embodiment
of the present invention, the system controller begins to
record keystroke data as soon as the system power is
turned on. Power is turned on by pushing switch 8 on
the system console up. While the power is turned on,
the system controller will record each probe activation
(as previously described) as well as each operation of
any other operator control during an examination. The
other operator controls are located on the control panel
16, which is shown in detail in FIG. 4. To start a new
patient exam, the system operator presses the New Pa-
tient button 114 on the control panel. A New Patient
menu is displayed on the monitor 18. The letter Y is
typed to verify that the patient is new. Then the operator
presses the Return button 116. The trackball 118 is then
used to select the appropriate exam category from a list
of exam categories which appears on the New Patient
menu. The selection is made by pressing Set (by de-
pressing button 120 on the control panel or clicking on
a virtual Set button displayed on the New Patient menu).
The selected exam category determines presets, avail-
able applications, and worksheets. The system operator
then fills in appropriate patient data. Alternatively, for DI-
COM users, a worklist schedule can be displayed by
pressing the ROI Size input device 122. The trackball
118 can be used to select a patient, following which the
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user presses Set. The New Patient menu appears with
the data filled in. The user presses Exit (by depressing
button 124 on the control panel or clicking on a virtual
Exit button displayed on the New Patient menu) to quit.
The user then selects the desired application. Operation
of the Image Presets softkey 126 on the control panel
selects, modifies, creates, archives, or views system or
user presets. The user then selects the desired probe
and begins scanning.
[0025] All of the foregoing keystrokes are time-
stamped and encoded by the system controller, and the
encoded keystroke data is stored in electronic memory.
As shown in FIG. 4, the control panel is provided with a
softkey display 128 and associated controls for display-
ing different menus as a function of the application being
utilized. Pressing the Code key 130 plus a letter acti-
vates system features. Pressing the DICOM End Exam
button 132 sends DICOM jobs to remotely located de-
vices at the end of an exam. The Auto Optimize button
134 optimizes the image in B mode, color flow mode and
Doppler mode. Pressing the Zoom button 136 magni-
fies the image. Activation of the Freeze button 138
freezes/unfreezes the image.
[0026] While the functionality of each and every key
on the control panel will not be described here for the
sake of economy, it should be appreciated that every
keystroke is recorded in accordance with the method of
the preferred embodiment. These keystrokes invoke
functions or change operating parameters on the ultra-
sound imaging system. Simultaneously, a code repre-
senting the keystroke is stored in electronic storage.
Along with this code, the date, time and values being
set or adjusted are also stored. This information may or
may not be saved through a system power cycle, how-
ever long-term storage is preferred.
[0027] Referring to FIG. 5, each ultrasound imaging
system 2 comprises a data acquisition and signal
processing unit 46 for transmitting ultrasound signals in-
to a subject of interest, and for acquiring resultant sig-
nals which are processed for reconstructing a useful im-
age. The system includes a system controller 48 which
regulates operation of unit 46 and which processes ac-
quired signals to reconstruct the image for display by a
display monitor 18. The system controller preferably
comprises a central processing unit 47 and associated
system memory (electronic storage) 49. The system
controller 48 can control the unit 46 to acquire data and
process received signals in accordance with software
stored in system memory and in accordance with vari-
ous instructions input by a system operator via the con-
trol panel 16, which may include a keyboard, a mouse,
a trackball and various other input devices, as previous-
ly described with reference to FIG. 4. The system con-
troller is programmed with to encode every keystroke
and to store encoded keystroke data in electronic stor-
age 49. The ultrasound imaging system 2 also includes
an output interface 51 for outputting the keystroke data
to either a disk or a serial communication line. This al-

lows the keystroke data in the electronic storage 49 to
be extracted for use in analysis of the use of the ultra-
sound imaging system. The analysis can take place at
a central service facility or off-line in other computational
equipment at the remote site. Alternatively, the analysis
could be performed on the ultrasound imaging system
itself. In the latter case, the system controller 48 must
be programmed with keystroke analysis software. In ac-
cordance with the preferred embodiments of the inven-
tion, the keystroke data is sorted, filtered and then re-
ported in spreadsheet, chart or other formats. In partic-
ular, the data, when extracted, can be sorted to deter-
mine productivity measurements such as: (1) the
number of exams performed by type, day, operator, re-
ferring physician, etc.; (2) the length of time of exams,
individually, collectively, or by specific type; (3) a com-
parison of the productivity of individual operators; (4)
conformance to departmental processes and proce-
dures (useful for quality system validation); and (5) a
determination of the key factors affecting departmental
productivity. The capability of determining the number
of exams and/or computing the length of time of the ex-
am make it possible to provide ultrasound imaging serv-
ices to users on a cost-per-exam or cost-per-minute ba-
sis.
[0028] To accomplish the foregoing, processing/anal-
ysis tools are needed. In accordance with the preferred
embodiment of the invention, the keystroke time-stamp
logs generated by the ultrasound imaging system are
stored in machine-readable binary form. In order to
make the data useful to human decision-makers, the
processing/analysis tools preferably provide four func-
tions: data acquisition, data conversion, data aggrega-
tion, and data mining. [Option-ally, the data acquisition
and data aggregation can be eliminated in the case
where the system controller of the ultrasound imaging
system is itself able to perform keystroke analysis on its
own keystroke data.]
[0029] In accordance with the preferred embodiment,
the keystroke data is recorded and stored on the hard
disk of the ultrasound imaging system as a normal part
of the system's operating software. The data acquisition
step involves transferring the data from the ultrasound
imaging system to another computational platform (e.g.,
a personal computer at the remote site or a keystroke
analysis server at a central service facility) for process-
ing. This step can be implemented using networks (e.
g., internet, intranet, and private networks) or using a
sneaker-net diskette swap.
[0030] The keystroke data is stored in the ultrasound
imaging system in machine-readable form. Each key-
stroke is stored with both its physical characteristics
(which button pressed, at what time, in what direction
(up, down, on, off, etc.) and its logical characteristics
(what did it mean when the button was pressed). The
first step in the data conversion strips out the physical
characteristics, leaving just the time stamp and the
meaning of the keystroke. In the second step (though it
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occurs at the same time as far as the operator is con-
cerned), the data is converted into human-readable
form. Generally this takes the form of an ASCII text doc-
ument. Each document represents a single session on
the ultrasound imaging system, from the time it is turned
on to the time it is turned off.
[0031] The data aggregation step comprises the step
of combining all of the data from each of the files col-
lected in the data acquisition and data conversion proc-
esses. The data from multiple examinations, multiple
sessions, multiple operators, and even multiple institu-
tions are aggregated into a single database. From this
point, data mining tools can be used to sort the data and
make comparisons.
[0032] The data mining step makes use of statistical
tools to collect and group data, to look for relationships,
and to present the results. Grouping tools like histo-
grams, relationship testing tools like T-tests, and data
characterization tools such as mean, deviation, and nor-
mality tests are all used. The application of the tools
changes from project-to-project depending on the
mechanisms being tested for any particular situation.
[0033] In one example the customer had a "best"
technician and wanted to know what made that techni-
cian the "best". Analysis of the keystroke data from the
imaging system used by that technician demonstrate
that he/she, in fact, was the fastest and most consistent
system user. Furthermore, the analysis show that this
technician hand-led the bulk of the examinations. When
this data was correlated with probe use, it was discov-
ered that the "best" technician was the only person on
the staff who used a particular probe for the exam type
being studied. This led to the customer making a policy
change that required all users to use the same probe.
[0034] In accordance with another feature of the in-
vention, the exam time could be computed based, e.g.,
on the time stamps associated with turning on and turn-
ing off of the power to an ultrasound imaging system.
This computation is preferably done at a central service
facility having billing capability. A bill for the use of the
system could be automatically downloaded to the ac-
counting department at the remote facility at regular bill-
ing intervals or after each exam.
[0035] In accordance with the preferred embodiment
of the invention, a central service facility acquires key-
stroke data from one or more remotely located ultra-
sound imaging systems via a network. The system con-
troller of the ultrasound imaging system is programmed
to store encoded keystroke data whenever the system
is turned on. A keystroke analysis server at the central
service facility is programmed to retrieve the stored key-
stroke data from one or more selected ultrasound imag-
ing systems at prescribed times. The acquired key-
stroke data is then sorted and filtered in accordance with
a keystroke analysis routine. Then appropriate reports,
e.g., in spreadsheet or chart form, can be generated for
use by the service facility or by the remote facility if the
contract or subscription with the latter provides for such

reporting.
[0036] Referring to FIG. 6, a service system is illus-
trated for providing centralized service to a plurality of
ultrasound imaging systems 2 located at different re-
mote sites. The imaging systems are serviced from a
centralized service facility 4 via a network 52, which may
be an internet, an intranet, a local area network or any
other network. Preferably, the central service facility 4
is able to extract keystroke data from each ultrasound
imaging system via the network 52. In addition, the serv-
ice facility 4 preferably comprises a processing system
which is programmed with keystroke analysis software
for analysis of keystroke data and automatic generation
of departmental performance reports. Alternatively, the
service facility is provided with workstations pro-
grammed with keystroke analysis software for enabling
service personnel to analyze keystroke data and gener-
ate appropriate reports and charts.
[0037] Where more than one ultrasound imaging sys-
tem is provided at a single facility or location, these may
be coupled to a management station (not shown). The
manage-ment station may be linked directly to control-
lers for the various imaging systems. The management
system may include a computer workstation or personal
computer coupled to the system controllers in an intran-
et configuration, a file-sharing configuration, a client/
server arrangement, or any other suitable arrangement.
Such a management station would typically include a
monitor for viewing system operational parameters, an-
alyzing system utilization, and exchanging service re-
quests and data between the remote facility and the cen-
tral service facility. Alternatively, the management sta-
tion could be programmed with keystroke analysis soft-
ware.
[0038] Each communication module 50 may be linked
to service facility 4 via a remote access network 52. For
this purpose, any suitable network connection may be
employed. Preferred network configurations include
both proprietary or dedicated networks, as well as open
networks, such as the Internet. Data may be exchanged
between the ultrasound imaging systems 2 and central
service facility 4 in any suitable format, such as in ac-
cordance with the Internet Protocol (IP), the Transmis-
sion Control Protocol (TCP), or other known protocols.
Moreover, certain of the data may be transmitted or for-
matted via markup languages, such as the HyperText
Markup Language (HTML), or other standard languag-
es. The preferred interface structures and communica-
tions components are described in greater detail below.
[0039] Within service facility 4, messages, service re-
quests and data are received by communication com-
ponents as indicated generally at reference numeral 54.
Components 54 transmit the service data (e.g., key-
stroke data) to a service center processing system, rep-
resented generally at reference numeral 56 in FIG. 6.
The processing system 56 manages the receipt, han-
dling and transmission of service data to and from the
service facility. In general, processing system 56 may
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include one or a plurality of computers, as well as ded-
icated hardware or software servers for processing the
various service requests and for receiving and transmit-
ting the service data, as described more fully below.
Service facility 4 also includes a bank of operator work-
stations 58, which may be staffed by service engineers
who address the service requests and provide off- and
on-line service to the diagnostic systems in response to
the service requests. Also, processing system 56 may
be linked to a system of databases or other processing
systems 60 at or remote from the service facility 4. Such
databases and processing systems may include exten-
sive database information on operating parameters,
service histories, etc., both for particular subscribing
scanners and for extended populations of diagnostic
equipment. As described below, such databases may
be employed both for servicing of particular diagnostic
systems and for tracking such servicing, as well as for
deriving comparison data for use in servicing a particular
system or a family of systems, or generating departmen-
tal performance reports.
[0040] Within each ultrasound imaging system 2, a
uniform service platform 62, shown in FIG. 7, is provid-
ed. Platform 62 includes hardware, firmware, and soft-
ware components adapted for composing and transmit-
ting service requests, transmitting and receiving service
data, establishing network connections, and managing
financial or subscriber arrangements between the re-
mote system and the service facility. Preferably, the plat-
form 62 is integrated into the system controller of the
imaging system. These platforms provide a uniform
graphical user interface at each imaging system. The
platforms enable the service facility to interface directly
with the control circuitry of the individual scanners, as
well as with memory devices at the scanners, to access
image, log (e.g., keystroke data) and similar files need-
ed for rendering requested or subscribed services.
Where a management station is provided, a similar uni-
form platform is preferably loaded on the management
station to facilitate direct interfacing between the man-
agement station and the service facility.
[0041] FIG. 7 shows the various functional compo-
nents comprising the uniform service platform 62 within
each remote imaging system 2. This uniform service
platform can be employed to facilitate the transmission
of keystroke data from the remote system to the central
service facility and the downloading of departmental
performance reports from the service facility to the re-
mote facility over a network. The uniform platform re-
sides as software stored in a web server 64. Web server
64 facilitates data exchange between the imaging sys-
tem and the service facility, and permits a series of web
pages 68 and 70 to be viewed via a web browser 66.
Preferably server 64 and browser 66 support HTTP ap-
plications and the browser supports Java applications.
The main web page 68 is preferably a markup language
page, such as an HTML page displayed for the system
user on a monitor 18 of the display subsystem. Main web

page 68 is preferably accessible from a normal operat-
ing page in which the user will configure examination
requests, view the results of examinations, etc., such as
via an on-screen icon. Through main web page 68, a
series of additional web pages 70 are accessible. Such
web pages permit service requests and requests for ac-
cess to software applications to be composed and trans-
mitted to the central service facility, and facilitate the ex-
change of other messages, reports, software, protocols,
etc. The web server 64 communicates with a network
via a modem 76. A connectivity service module 72 pro-
vides for interfacing with the web server 64. A Point-to-
Point Protocol (PPP) module 74 is also provided for
transmitting Internet Protocol (IP) packets over remote
communication connections. As will be appreciated by
those skilled in the art, various other network protocols
and components may be employed for facilitating data
exchange over a network.
[0042] FIG. 8 illustrates exemplary functional compo-
nents for a central service facility 4 capable of analyzing
ultrasound imaging system keystroke data in accord-
ance with the preferred embodiment disclosed above.
This service facility 4 includes a modem rack comprising
a plurality of modems 98 coupled to a router 100 for co-
ordinating data communications with the service facility.
A so-called "front office" HTTP service server 80 re-
ceives and directs incoming and outgoing transactions
with the facility. Server 80 is coupled to the other com-
ponents of the facility through a firewall 82 for system
security. This firewall prevents unauthorized access to
the service facility in a manner generally known in the
art. In addition, operator workstations 58 are coupled to
the port manager for handling service requests and
transmitting messages and reports in response to such
requests. An automated service unit 84 may also be in-
cluded in the service facility for automatically respond-
ing to certain service requests, sweeping subscribing di-
agnostic systems for keystroke data, etc. The automat-
ed service unit 84 may operate independently of or in
conjunction with the interactive service components
comprising processing system 56.
[0043] Behind firewall 82, a so-called "back office"
HTTP application server 86 coordinates handling of
service requests, keystroke analysis, messaging, re-
porting, soft-ware transfers, etc. Other servers may be
coupled to HTTP application server 86, such as service
analysis server 88 configured to address specific types
of service requests. In the illustrated embodiment,
processing system 56 also includes a license server 90
which is coupled to a license database 92 for storing,
updating and verifying the status of ultrasound imaging
system service subscriptions. Hand-ling of service re-
quests, messaging, and reporting is coordinated by a
scheduler module 94 coupled to HTTP server 86.
Scheduler module 94 coordinates activities of other
servers comprising the processing system, such as a
report server 102, a keystroke analysis server 104, a
message server 106, and a software download server
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108. As will be appreciated by those skilled in the art,
servers 102, 104, 106, and 108 are coupled to memory
devices (not shown) for storing data such as addresses,
keystroke data log files, billing files, message and report
files, applications software, etc. Software server 108 is
coupled via one or more data channels to a storage de-
vice 110 for containing transmittable software packages
which may be sent directly to the diagnostic systems,
accessed by the diagnostic systems, or supplied on pay-
per-use or purchase basis. Report and message serv-
ers 102 and 106 are further coupled to a delivery han-
dling module 112, which is configured to receive outgo-
ing messages, ensure proper connectivity with remote
systems, and coordinate transmission of messages and
reports to remote facilities via the network.
[0044] In accordance with the preferred embodiment
of the invention, the keystroke analysis server 104 re-
ceives keystroke data from a remote imaging system via
the scheduler module 94. The keystroke analysis server
then performs the data acquisition, data conversion, da-
ta aggregation and data mining steps previously de-
scribed. Based on the results of the keystroke analysis,
appropriate departmental performance reports can be
generated by report server 102 and downloaded to the
remote ultrasound imaging system or to an administra-
tive office at the remote facility via delivery handling
module 112. In addition, the report server could be pro-
grammed with billing capability for generating bills
based on ultrasound imaging system usage as deter-
mined by the keystroke analysis server. Alternatively,
keystroke analysis and departmental performance re-
port or bill generation can be controlled by service per-
sonnel interacting with a workstation at the service fa-
cility.
[0045] The foregoing functional circuitry may be con-
figured as hardware, firmware, or software on any ap-
propriate computer platform. For example, the function-
al circuitry of the imaging systems may be programmed
as appropriate code in a personal computer or worksta-
tion, either incorporated entirely in or added to the sys-
tem scanner. The functional circuitry of the service fa-
cility may include additional personal computers or
workstations, in addition to a main frame computer in
which one or more of the servers, the scheduler, etc. are
configured. It should be noted that the web server 64
included in the uniform platform shown in FIG. 7 in-
cludes unique system identification data which supple-
ments the information input by the user. The unique sys-
tem identification data is automatically sent to the serv-
ice center along with the keystroke data log file, thereby
enabling the service facility to determine what types of
reports, if any, that the remote facility is authorized to
receive.
[0046] In accordance with a further aspect of the in-
vention, the service facility may sweep a selected set of
ultrasound imaging systems for the keystroke data
stored in electronic memory in the system controllers.
As used herein, the term "sweep" refers generally to a

process of connecting system components, such as via
a network connection, identifying desired data, and
transmitting the data, either in an "upload" or a "down-
load" scenario, depending upon the nature of the data
and its use in servicing a system. Such sweeps may oc-
cur on regularly scheduled bases, at desired times (e.
g., at off-peak utilization times) or on demand by a sys-
tem user or a system application.
[0047] In accordance with an alternative preferred
embodiment, the keystroke analysis algorithm dis-
closed herein could be embedded in the system control-
ler of the remote ultrasound imaging system. There are,
however, limitations on available processing power and
the ability to compare the keystroke analysis results with
the results of other systems.
[0048] As used in the claims, the term "keystroke" in-
cludes operation of input devices on the operator inter-
face or on an ultrasound probe, the selection of menu
items on a graphical user interface, as well as the act of
plugging in a probe or lifting a probe off of its yoke.
[0049] For completeness, various aspects of the in-
vention are set out in the following numbered clauses:-

1. A method for analyzing use of an ultrasound im-
aging system, comprising the steps of:

electronically storing keystroke data in ma-
chine-readable form when power is on, said
keystroke data comprising encoded physical
characteristics, encoded logical characteristics
and an encoded time stamp for each different
keystroke input by a system operator;
stripping said encoded physical characteristics
out of said keystroke data; and
mining said keystroke data remaining after said
stripping step.

2. The method as recited in clause 1, further com-
prising the step of converting said keystroke data
into human-readable form.

3. The method as recited in clause 1, wherein said
mining step comprises the step of grouping said
keystroke data.

4. The method as recited in clause 1, wherein said
mining step comprises the step of testing for rela-
tionships in said keystroke data.

5. The method as recited in clause 1, wherein said
mining step comprises the step of characterizing
said keystroke data.

6. The method as recited in clause 1, wherein said
step of electronic storage is performed in the ultra-
sound imaging system, further comprising the step
of transferring said keystroke data from said ultra-
sound imaging system to an external computational
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platform.

7. The method as recited in clause 6, wherein said
transferring step is performed via a network.

8. The method as recited in clause 7, wherein said
steps of stripping and mining are performed at a
central service facility.

9. The method as recited in clause 6, wherein said
transferring step comprises the step of transferring
said keystroke data from said hard disk to a portable
disk.

10. The method as recited in clause 1, further com-
prising the step of aggregating keystroke data from
multiple log files.

11. A system comprising a central service facility (4)
connected to a multiplicity of remotely located ultra-
sound imaging systems (2) via a network (52),
wherein each of said ultrasound imaging systems
comprises:

means (8, 16, 32, 40, 114-138) for inputting
key-strokes;
means (49) for electronically storing keystroke
data in machine-readable form when power is
on, said keystroke data comprising encoded
physical characteristics, encoded logical char-
acteristics and an encoded time stamp for each
different keystroke input by a system operator;
and
means (51) for transmitting said keystroke data
to said network addressed to said service facil-
ity, and
wherein said service facility comprises:

means (98) for receiving said keystroke da-
ta via said network;
means (104) for stripping said encoded
physical characteristics out of said key-
stroke data; and
means (104) for mining said keystroke data
remaining after said stripping.

12. The system as recited in clause 11, wherein said
mining means comprise a software tool for sorting
said keystroke data.

13. The system as recited in clause 11, wherein said
mining means comprise a software tool for filtering
said keystroke data.

14. The system as recited in clause 11, wherein said
mining means comprise a software tool for charac-
terizing said keystroke data.

15. The system as recited in clause 11, wherein said
mining means comprise a software tool for deter-
mining the duration of an exam based on said key-
stroke data.

16. The system as recited in clause 11, further com-
prising means (104) for aggregating keystroke data
from multiple log files.

17. A system comprising a data processor (104)
connected to an ultrasound imaging system (2) via
a network (52), wherein said ultrasound imaging
system comprises:

means (8, 16, 32, 40, 114-138) for inputting
key-strokes;
means (49) for electronically storing keystroke
data in machine-readable form when power is
on, said keystroke data comprising encoded
physical characteristics, encoded logical char-
acteristics and an encoded time stamp for each
different keystroke input by a system operator;
and
means (51) for transmitting said keystroke data
to said network addressed to said data proces-
sor, and
wherein said data processor is programmed to
perform the following steps:

receiving said keystroke data via said net-
work;
stripping said encoded physical character-
istics out of said keystroke data; and
mining said keystroke data remaining after
said stripping.

18. The system as recited in clause 17, wherein said
mining step comprises the step of grouping said
keystroke data.

19. The system as recited in clause 17, wherein said
mining step comprises the step of testing for rela-
tionships in said keystroke data.

20. The system as recited in clause 17, wherein said
mining step comprises the step of characterizing
said keystroke data.

21. The system as recited in clause 17, wherein said
mining step comprises the step of determining the
duration of an exam based on said keystroke data.

22. The system as recited in clause 17, further com-
prising a probe (20) and a yoke (26) on which said
probe can be hooked, wherein said means for in-
putting keystrokes comprises a switch (32) which is
activated when said probe is removed from said
yoke.
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23. The system as recited in clause 17, wherein said
means for inputting keystrokes comprises a power-
on switch (8).

24. The system as recited in clause 17, wherein said
means for inputting keystrokes comprise input but-
tons (114-138) on a control panel (16).

25. The system as recited in clause 17, wherein said
means for inputting keystrokes comprise virtual but-
tons on a graphical interface.

26. The system as recited in clause 17, further com-
prising a probe (20), wherein said means for input-
ting keystrokes comprise a switch on said probe.

27. A system comprising a data processor (104)
connected to an ultrasound imaging system (2) via
a network (52), wherein said ultrasound imaging
system comprises:

an operator interface (16) for inputting key-
strokes;
means (16) for encoding said keystrokes to
form encoded keystroke data;
electronic memory (49) for storing said encod-
ed keystroke data; and
means (51) for transmitting said keystroke data
to said network addressed to said data proces-
sor, and
wherein said data processor is programmed to
perform the following steps:

receiving said keystroke data via said net-
work; and
analyzing said keystroke data.

28. The system as recited in clause 27, further com-
prising means (102) for generating a departmental
performance analysis report based on the results of
said analyzing step.

29. The system as recited in clause 27, further com-
prising means (102) for generating a bill for ultra-
sound imaging system usage based on the results
of said analyzing step.

30. The system as recited in clause 27, wherein said
analyzing step comprises the step of grouping said
keystroke data.

31. The system as recited in clause 27, wherein said
analyzing step comprises the step of testing for re-
lationships in said keystroke data.

32. The system as recited in clause 27, wherein said
analyzing step comprises the step of characterizing
said keystroke data.

33. The system as recited in clause 27, wherein said
analyzing step comprises the step of determining
the duration of an exam based on said keystroke
data.

34. The system as recited in clause 27, wherein said
keystroke data comprises a time stamp and an
identifier for each keystroke.

35. A method for analyzing use of an ultrasound im-
aging system, comprising the steps of:

encoding keystrokes to form encoded key-
stroke data; and
analyzing said keystroke data.

36. The method as recited in clause 35, further com-
prising the step of generating a departmental per-
formance analysis report based on the results of
said analyzing step.

37. The method as recited in clause 35, wherein
said analyzing step comprises the step of grouping
said keystroke data.

38. The method as recited in clause 35, wherein
said analyzing step comprises the step of testing for
relationships in said keystroke data.

39. The method as recited in clause 35, wherein
said analyzing step comprises the step of charac-
terizing said keystroke data.

40. The method as recited in clause 35, wherein
said analyzing step comprises the step of determin-
ing the duration of an exam based on said keystroke
data.

41. The method as recited in clause 35, wherein
said keystroke data comprises a time stamp and an
identifier for each keystroke.

42. An ultrasound imaging system (2) comprising:

an operator interface (16) for inputting key-
strokes;
means (16) for encoding said keystrokes to
form encoded keystroke data;
electronic memory (49) for storing said encod-
ed keystroke data; and
a data processor (47) programmed to analyze
said keystroke data.

43. The system as recited in clause 42, further com-
prising means (47) for generating a departmental
performance analysis report based on the results of
said analysis of said keystroke data.
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Claims

1. A method for analyzing use of an ultrasound imag-
ing system, comprising the steps of:

electronically storing keystroke data in ma-
chine-readable form when power is on, said
keystroke data comprising encoded physical
characteristics, encoded logical characteristics
and an encoded time stamp for each different
keystroke input by a system operator;
stripping said encoded physical characteristics
out of said keystroke data; and
mining said keystroke data remaining after said
stripping step.

2. The method as recited in claim 1, further comprising
the step of converting said keystroke data into hu-
man-readable form.

3. The method as recited in claim 1, wherein said min-
ing step comprises the step of grouping said key-
stroke data.

4. The method as recited in claim 1, wherein said min-
ing step comprises the step of testing for relation-
ships in said keystroke data.

5. The method as recited in claim 1, wherein said min-
ing step comprises the step of characterizing said
keystroke data.

6. A system comprising a central service facility (4)
connected to a multiplicity of remotely located ultra-
sound imaging systems (2) via a network (52),
wherein each of said ultrasound imaging systems
comprises:

means (8, 16, 32, 40, 114-138) for inputting
key-strokes;
means (49) for electronically storing keystroke
data in machine-readable form when power is
on, said keystroke data comprising encoded
physical characteristics, encoded logical char-
acteristics and an encoded time stamp for each
different keystroke input by a system operator;
and
means (51) for transmitting said keystroke data
to said network addressed to said service facil-
ity, and
wherein said service facility comprises:

means (98) for receiving said keystroke da-
ta via said network;
means (104) for stripping said encoded
physical characteristics out of said key-
stroke data; and
means (104) for mining said keystroke data

remaining after said stripping.

7. A system comprising a data processor (104) con-
nected to an ultrasound imaging system (2) via a
network (52), wherein said ultrasound imaging sys-
tem comprises:

means (8, 16, 32, 40, 114-138) for inputting
key-strokes;
means (49) for electronically storing keystroke
data in machine-readable form when power is
on, said keystroke data comprising encoded
physical characteristics, encoded logical char-
acteristics and an encoded time stamp for each
different keystroke input by a system operator;
and
means (51) for transmitting said keystroke data
to said network addressed to said data proces-
sor, and
wherein said data processor is programmed to
perform the following steps:

receiving said keystroke data via said net-
work;
stripping said encoded physical character-
istics out of said keystroke data; and
mining said keystroke data remaining after
said stripping.

8. A system comprising a data processor (104) con-
nected to an ultrasound imaging system (2) via a
network (52), wherein said ultrasound imaging sys-
tem comprises:

an operator interface (16) for inputting key-
strokes;
means (16) for encoding said keystrokes to
form encoded keystroke data;
electronic memory (49) for storing said encod-
ed keystroke data; and
means (51) for transmitting said keystroke data
to said network addressed to said data proces-
sor, and
wherein said data processor is programmed to
perform the following steps:

receiving said keystroke data via said net-
work; and
analyzing said keystroke data.

9. A method for analyzing use of an ultrasound imag-
ing system, comprising the steps of:

encoding keystrokes to form encoded key-
stroke data; and
analyzing said keystroke data.

10. An ultrasound imaging system (2) comprising:
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an operator interface (16) for inputting key-
strokes;
means (16) for encoding said keystrokes to
form encoded keystroke data;
electronic memory (49) for storing said encod-
ed keystroke data; and
a data processor (47) programmed to analyze
said keystroke data.
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