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Description

[0001] The present invention relates generally to the
field of imaging systems including one or more peripheral
devices, such as systems used in the medical diagnostics
field. More particularly, the invention relates to a tech-
nigue for managing peripheral devices in an imaging sys-
tem in which certain information and functionalities are
stored within circuitry of the peripheral device itself and
retrieved as needed by the system.

[0002] A wide variety of imaging systems have been
developed and are presently in use, particularly in the
medical diagnostics field. While very simple imaging sys-
tems may comprise self-contained image acquisition and
processing components and circuitry, more complex sys-
tems include various peripheral devices which may be
associated with other system components as needed. In
the medical imaging field, for example, systems are typ-
ically considered by imaging modality. These modalities
may include magnetic resonance imaging (MRI) sys-
tems, computed tomography (CT) systems, ultrasound
systems, x-ray systems, positron emission tomography
(PET) systems, and so forth. Depending upon the phys-
ics involved in acquiring and reconstructing useful imag-
es, these systems call upon different control and process-
ing circuitry, as well as peripheral devices for data acqui-
sition, processing, storage, and output or viewing.
[0003] By way of example, in an MRI system, image
datais acquired by imposing magnetic fields on a subject,
including a primary magnetic field and a series of gradient
fields. The fields define an imaging slice through the sub-
ject and encode positions of materials of interest in the
selected slice as a function of frequency. Afterimposition
of radio frequency pulses, transverse moments are pro-
duced in gyromagnetic material of the subject through
the slice, and echo signals from the material can be
sensed and processed to identify the intensity of the re-
sponse at the various locations in the slice. After data
processing, an image can be reconstructed based upon
the acquired and processed data.

[0004] Continuing with the example of an MRI system,
various peripheral devices are typically used in the image
acquisition, processing, reconstruction, and output of
useful images. Depending upon the system design, var-
ious types and configurations of RF coils are used to
excite the gyromagnetic material, and to capture re-
sponse signals. In a broad sense, subsystems of the
overall imaging system may be considered peripherals,
including gradient coils, a primary magnet, a table or sup-
port on which a patient is positioned, and so forth. Each
of these peripheral devices or subsystems must be prop-
erly controlled to reliably produce the desired image data.
Similar peripheral devices and subsystems are present
in the other modality imaging equipment, particularly in
x-ray systems, CT systems, ultrasound systems, and so
forth.

[0005] Proper coordination of subsystems and periph-
eral devices in imaging systems is critical to the capture,
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processing and display of desired images. In particular,
many subsystems and peripheral devices must be ap-
propriately calibrated to account for device-to-device var-
iances and tolerances, as well as for similar tolerances
within individual devices. Moreover, where alternative
devices are employed in a system, such as RF caoils in
an MRI system, the devices typically have different char-
acteristics which must be taken into account during both
the image data acquisition operation and during subse-
quent data processing.

[0006] At present, peripheral devices in medical diag-
nostic equipment are identified and selected by clinicians
and radiologists, and typically identified to the imaging
system via an operator input. In the specific example de-
scribed above, an RF coil in an MRI system would be
selected depending upon the anatomy to be imaged and
the available imaging protocols of an individual system,
and the operator would then identify the coil to the con-
troller. The controller, or memory associated with the con-
troller, may then call upon stored data representative of
known or calibrated characteristics of the coil. If the op-
erator improperly identifies the coil, or if the characteris-
tics of the coil are erroneously referenced, appropriate
image data will not be collected, or time is lost in identi-
fying or correcting the identification and peripheral data
problem.

[0007] In addition to the identification and calibration
data for imaging system peripherals, various information
is typically known relating to manufacturing, servicing,
and other historical details of the subsystems and pe-
ripherals. This information may be extremely useful in
evaluating performance of various peripheral devices,
anticipating potential maintenance issues, and correcting
or tracing manufacturing or servicing records. At present,
this information is generally stored in cross-referenced
files of imaging system control circuitry, or, more com-
monly, in entirely separate manufacturing and service
records at diverse locations, including at a hospital or
medical institution, at individual service providers, and
so forth.

[0008] US A 5 216 367 shows a medical diagnostic
imaging system in which the seletion of coils an informa-
tion regarding them is carried out by a central system.
[0009] There is a need for an improved technique for
managing data relating to imaging system peripherals
and subsystems. There is a particular need at present
for a technique which may be applied to a wide variety
of peripheral devices, permitting more efficient identifi-
cation of the devices themselves, as well as calibration,
service history, and other data which may be of use in
the imaging process or in the servicing and maintenance
of the system.

[0010] Accordingtoafirstaspectoftheinvention, there
is provided a medical diagnostic imaging system com-
prising: an image data acquisition system for generating
digital data representative of an image of a subject of
interest; a control system coupled to the image data ac-
quisition system for regulating acquisition of the data;
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and a peripheral device seleded from the group consist-
ing of gradient coils, radio frequency coils, respiration
monitors, ECG monitors, contrast injection devices, stim-
ulating devices, and a patient table and coupled to and
controlled by the control system, the peripheral device
including a memory circuit and an interface circuit, the
memory circuit being configured to store parameter data
descriptive of a characteristic of interest of the peripheral
device, the interface circuit being configured to access
the parameter data and to transmit the parameter data
from the peripheral device upon demand.

[0011] he peripheral device may include a digital data
processing circuit coupled to the memory circuit and to
the interface circuit for executing a predetermined
processing routine on the parameter data.

[0012] The peripheral device may include a sensor,
such as a load sensor, for generating a signal represent-
ative of the characteristic of interest, the processing cir-
cuit processing signals generated by the sensor and stor-
ing resulting parameter data in the memory circuit.
[0013] Altematively, the sensor may be an acoustic
sensor or temperature sensor.

[0014] The parameter data may include an identifica-
tion of the peripheral device.

[0015] The parameter data may include calibration da-
ta for the peripheral device.

[0016] The parameter data may include data descrip-
tive of a service history for the peripheral device.
[0017] The imaging system may be a magnetic reso-
nance imaging system, and wherein the peripheral de-
vice may be a radio frequency coil assembly.

[0018] The peripheral device may be a support for re-
ceiving a subject to be imaged.

[0019] The peripheral device may be a monitor for gen-
erating signals representative of a physiological param-
eter of a subject to be imaged.

[0020] The system may further comprise an operator
interface system coupled to the control system, the op-
erator interface system being configured to access the
parameter data from the peripheral device upon demand.
[0021] The peripheral device may furtherinclude a da-
ta encryption circuit for encrypting and decrypting data
exchanged between the peripheral device and the control
system.

[0022] According to a second aspect of the invention,
there is provided a method for managing peripheral data
in an imaging system, the method comprising the steps
of: providing a peripheral device selected from the group
consisting of gradient coils, radio frequency coils, respi-
rations monitors, ECG monitors, contrast injection devic-
es, stimulating devices and a patient table and including
a memory circuit and an interface circuit, the memory
circuit being configured to store data representative of a
characteristic of interest of the peripheral device, the in-
terface circuit being configured to access the stored data
and to transmit the stored data to an external device;
storing peripheral data in the memory circuit of the pe-
ripheral device, the peripheral data remaining resident in
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the peripheral device; connecting the peripheral device
to a control system; and accessing the peripheral data
from the memory circuit via the control system.

[0023] The peripheral data may be representative of
manufacturing information for the peripheral device and
may be stored in the memory circuit following manufac-
ture of the device.

[0024] The peripheral data may be representative of
calibration information for the peripheral device and may
be stored in the memory circuit following a calibration
sequence preformed on the peripheral device.

[0025] The peripheral data may be representative of
service history activities for the peripheral device and
may be stored in the memory circuit following a service
event.

[0026] The peripheral data may be representative of
an identification of the peripheral device.

[0027] The control system may control acquisition of
image datain animaging system, and the peripheral data
may be accessed by the control system for use in per-
forming an image data acquisition routine.

[0028] The control system may access the peripheral
data from the memory circuit automatically during an in-
itialization sequence following connection of the periph-
eral device to the imaging system.

[0029] Thus the invention provides a technique for
managing imaging system peripheral data designed to
respond to these needs. The technique may be applied
toawide range of practical applications, butis particularly
well suited to complex imaging systems used in the med-
ical diagnostics field. Within that field, the technique has
particular promise for managing data in MRI systems,
CT systems, x-ray systems, PET systems, and so forth.
In a general sense, the technique permits data to be
stored within the peripheral device or subsystem itself.
This data may include a minimal data set, such as the
identity of the peripheral device, or more elaborate data
sets, such as calibration information, service history,
manufacturing history, usage information, and the like.
Moreover, functional data, including programs and sub-
routines, may be stored within the peripheral device and
made executable upon demand. Finally, the circuitry per-
mitting the storage and access to the peripheral device
data may include circuitry for encrypting and decrypting
information, or for providing limited access to the data,
such as by authorized service personnel.

[0030] Inaccordance with one aspect of the technique,
memory and communications circuitry is included as an
integral part of the peripheral device. |dentification data
is stored in the device for subsequent access by an im-
aging system. Upon connection of the peripheral device
to the imaging system, the data may be retrieved and an
imaging sequence performed based upon the retrieved
information. The retrieved information may be cross-ref-
erenced to data, such as calibration data or service his-
tory data in a memory circuit external to the periphery
device. However, where desired, this information may be
stored directly in the circuitry of the peripheral device for
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direct access, loading and use by the external compo-
nents. Because the information remains resident in the
peripheral device, it can be freely accessed, uploaded,
downloaded, modified and used whether the peripheral
device is employed with the imaging system or apart from
the imaging system, such as in a remote servicing loca-
tion.

[0031] The invention will now be described in greater
detail, by way of example, with reference to the drawings,
in which:-

Fig. 1 is a diagrammatical representation of an ex-
emplary imaging system in the form of an MRI sys-
tem, including peripheral devices and subsystems
capable of storing and retrieving data in accordance
with aspects of the present technique;

Fig. 2 is a diagrammatical representation of certain
of the logical circuitry of the system of Fig. 1;

Fig. 3 is a graphical representation of an exemplary
examination sequence which may be carried out in
an imaging system such as that illustrated in Fig. 1;

Fig. 4 is a diagrammatical representation of an ex-
emplary peripheral topology in which data is stored
within and accessed from various subsystems and
peripheral devices;

Fig. 5 is a diagrammatical representation of the to-
pology of various functional circuitry within a periph-
eral device equipped to store and access data; and

Fig. 6 is a flow chart illustrating exemplary control
logic in storing and accessing data in accordance
with aspects of the present technique.

[0032] Turning now to the drawings, and referring to
Fig. 1, an exemplary imaging system, in the form of a
magnetic resonance imaging (MRI) system 10 is illus-
trated diagrammatically as including a data acquisition
system 12, a control system 14, and an interface system
16. Some or all of these systems include components
which may store and access data for use in imaging or
servicing as described more fully below. While system
10 may include any suitable scanner or detector, in the
illustrated embodiment the system includes a full body
scanner comprising a patient bore 18, into which a table
20 may be positioned to place a patient 22 in a desired
orientation for scanning. Data acquisition system 12 may
be of any suitable rating, including ratings varying from
0.2 Tesla to 1.5 Tesla, and beyond.

[0033] Data acquisition system 12 includes a series of
associated coils for producing controlled magnetic fields,
and for generating radio frequency excitation pulses, and
for detecting emissions from gyromagnetic material with-
in the patient in response to such pulses. In the diagram-
matical view of Fig. 1, a primary magnet 24 is provided
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for generating a primary magnetic field, generally aligned
with the patient bore. A series of gradient coils 26, 28
and 30 are grouped in a coil assembly for generating
controlled magnetic gradient fields during examination
sequences. A radio frequency coil 32 is provided for gen-
erating radio frequency pulses for exciting the gyromag-
netic material. In the embodiment illustrated in Fig. 1, coil
32 also serves as a receiving coil. Thus, RF coil 32 may
be coupled with driving and receiving circuitry in passive
and active modes for receiving emissions from gyromag-
netic material and for outputting radio frequency excita-
tion pulses, respectively. Alternatively, various configu-
rations of receiving coils may be provided separate from
RF coil 32. Such coils may include structures specifically
adapted for target anatomies, such as head coil assem-
blies, and so forth. Moreover, receiving coils may be pro-
vided in any suitable physical configuration, including
phased array coils, and so forth.

[0034] As will be appreciated by those skilled in the
art, in the case of the MRI system illustrated, when gy-
romagnetic material, typically bound in tissues of the pa-
tient, is subjected to the primary field, individual magnetic
moments of the paramagnetic nuclei in the tissue attempt
to align with the field but precess in a random order at
their characteristic or Larmor frequency. While a net mag-
netic momentis produced in the direction of the polarizing
field, the randomly oriented components of the moment
in a perpendicular plane generally cancel one another.
During an examination sequence, an RF excitation pulse
is generated at or near the Larmor frequency of the ma-
terial of interest, resulting in rotation of the net aligned
moment to produce a net transverse magnetic moment.
Radio signals are emitted following termination of the ex-
citation signals. This magnetic resonance signal is de-
tected in the scanner and processed for reconstruction
of the desired image.

[0035] As a basis for the present discussion of periph-
eral devices and subsystems equipped to store, access
and manage data, a brief description of the operation of
an MRI system is provided below. It should be borne in
mind, however, that while the present technique is par-
ticularly well suited to MRI and similar medical diagnostic
systems, it is not intended to be limited to any particular
type, design, or modality system.

[0036] In the MRI system of Fig. 1, gradient coils 26,
28 and 30 serve to generate precisely controlled mag-
netic fields, the strength of which vary over a predefined
field of view, typically with positive and negative polarity.
When each coil is energized with known electric current,
the resulting magnetic field gradient is superimposed
over the primary field and produces a linear variation in
the overall magnetic field strength across the field of view.
Combinations of such fields, orthagonally disposed with
respect to one another, enable the creation of a linear
gradient in any direction by vector addition of the individ-
ual gradient fields.

[0037] The gradient fields may be considered to be
oriented both in physical planes, as well as by logical
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axes. In the physical sense, the fields are mutually or-
thagonally oriented to form a coordinate system which
can be rotated by appropriate manipulation of the pulsed
current applied to the individual field coils. In a logical
sense, the coordinate system defines gradients which
are typically referred to as slice select gradients, frequen-
cy encoding gradients, and phase encoding gradients.
[0038] The slice select gradient determines a slab of
tissue or anatomy to be imaged in the patient. The slice
select gradient field may thus be applied simultaneous
with a selective RF pulse to excite a known volume of
spins within a desired slice that precess at the same fre-
quency. The slice thickness is determined by the band-
width of the RF pulse and the gradient strength across
the field of view.

[0039] A second logical gradient axis, the frequency
encoding gradient axis is also known as the readout gra-
dient axis, and is applied in a direction perpendicular to
the slice select gradient. In general, the frequency en-
coding gradient is applied before and during the forma-
tion of the MR echo signal resulting from the RF excita-
tion. Spins of the gyromagnetic material under the influ-
ence of this gradient are frequency encoded according
to their spatial position across the gradient field. By Fou-
rier transformation, acquired signals may be analyzed to
identify their location in the selected slice by virtue of the
frequency encoding.

[0040] Finally, the phase encode gradient is generally
applied in a sequence before the readout gradient and
after the slice select gradient. Localization of spins in the
gyromagnetic material in the phase encode direction is
accomplished by sequentially inducing variations in
phase of the precessing protons of the material by using
slightly different gradient amplitudes that are sequentially
applied during the data acquisition sequence. Phase var-
iations are thus linearly imposed across the field of view,
and spatial position within the slice is encoded by the
polarity and the degree of phase difference accumulated
relative to a null position. The phase encode gradient
permits phase differences to be created among the spins
of the material in accordance with their position in the
phase encode direction.

[0041] As will be appreciated by those skilled in the
art, a great number of variations may be devised for pulse
sequences employing the logical axes described above.
Moreover, adaptations in the pulse sequences may be
made to appropriately orient both the selected slice and
the frequency and phase encoding to excite the desired
material and to acquire resulting MR signals for process-
ing.

[0042] The coils of system 12 are controlled by control
system 14 to generate the desired magnetic field and
radio frequency pulses. In the diagrammatical view of
Fig. 1, control system 14 thus includes a control circuit
36 for commanding the pulse sequences employed dur-
ing the examinations, and for processing received sig-
nals. Control circuit 36 may include any suitable program-
mable logic device, such as a CPU or digital signal proc-
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essor of a general purpose or application-specific com-
puter. Control circuit 36 further includes memory circuitry
38, such as volatile and non-volatile memory devices for
storing physical and logical axis configuration parame-
ters, examination pulse sequence descriptions, acquired
image data, programming routines, and so forth, used
during the examination sequences implemented by the
scanner.

[0043] Interface between the control circuit 36 and the
gradient coils of data acquisition system 12 is managed
by amplification and driver circuitry 40. RF coil 32 is sim-
ilarly interfaced by transmission and receive interface cir-
cuitry 42. Circuitry 40 includes amplifiers for each gradi-
ent field coil to supply drive current to the field coils in
response to control signals from control circuit 36. Inter-
face circuitry 42 includes additional power amplification
circuitry for driving RF coil 32. Moreover, where the RF
coil serves both to emit the radio frequency excitation
pulses and to receive MR signals, circuitry 42 will typically
include a switching device for toggling the RF coil be-
tween active or transmitting mode, and passive or receiv-
ing mode. A power supply, denoted generally by refer-
ence numeral 34 in Fig. 1, is provided for energizing the
primary magnet 24. Finally, circuitry 14 includes interface
components 44 for exchanging configuration and image
data with interface system 16.

[0044] Interface system 16 may include a wide range
of devices for facilitating interface between an operator
or radiologist and data acquisition system 12 via control
system 14. In the illustrated embodiment, for example,
an operator controller 46 is provided in the form of a com-
puter work station employing a general purpose or ap-
plication-specific computer. The station also typically in-
cludes memory circuitry for storing examination pulse se-
quence descriptions, examination protocols, user and
patient data, image data, both raw and processed, and
so forth. The station may further include various interface
and peripheral drivers for receiving and exchanging data
with local and remote devices. In the illustrated embod-
iment, such devices include a conventional computer
keyboard 50 and an alternative input device such as a
mouse 52. A printer 54 is provided for generating hard
copy output of documents and images reconstructed
from the acquired data. A computer monitor 48 is provid-
ed for facilitating operator interface. In addition, system
10 may include various local and remote image access
and examination control devices, represented generally
by reference numeral 56 in Fig. 1. Such devices may
include picture archiving and communication systems,
teleradiology systems, and the like.

[0045] Depending upon the physics (i.e. the modality)
oftheimaging system 10, examinations will be performed
to produce image data for reconstruction of a useful im-
age. In the case of an MRI system, for example, these
examinations include pulse sequences carried out by ap-
plication of control signals to the gradient and RF coils,
and by receiving resulting signals from the subject. In
general, these pulse sequences will be defined by both
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logical and physical configuration sets and parameter
settings stored within control system 14. Fig. 2 repre-
sents, diagrammatically, relationships between function-
al components of control circuit 36 and configuration
components stored with memory circuitry 38. The func-
tional components facilitate coordination of the pulse se-
quences to accommodate preestablished settings for
both logical and physical axes of the system. In general,
the axis control modules, denoted collectively by refer-
ence numeral 58, include a logical-to-physical module
60 which is typically implemented via software routines
executed by control circuit 36. In particular, the conver-
sion module is implemented through control routines
which define particular pulse sequences in accordance
with preestablished imaging protocols.

[0046] When called upon, code defining the conver-
sion module references logical configuration sets 62 and
physical configuration sets 64. The logical configuration
sets may include parameters such as pulse amplitudes,
beginning times, time delays, and so forth, for the various
logical axes described above. The physical configuration
sets, on the other hand, will typically include parameters
related to the physical constraints of the scanner itself,
including maximum and minimum allowable currents,
switching times, amplification, scaling, and so forth. Con-
version module 60 serves to generate the pulse se-
quence for driving the coils of scanner 12 in accordance
with constraints defined in these configuration sets. The
conversion module will also serve to define adapted puls-
es for each physical axis to properly orient (e.g. rotate)
slices and to encode gyromagnetic material in accord-
ance with desired rotation or reorientations of the phys-
ical axes of the image.

[0047] By way of example, Fig. 3 illustrates a typical
pulse sequence which may be implemented on a system
such as that illustrated in Fig. 1 and calling upon config-
uration and conversion components such as those
shown in Fig. 2. While many different pulse sequence
definitions may be implemented, depending upon the ex-
amination type, in the example of Fig. 3, a gradient re-
called acquisition in steady state mode (GRASS) pulse
sequence is defined by a series of pulses and gradients
appropriately timed with respect to one another. The
pulse sequence, indicated generally by reference numer-
al 66, is thus defined by pulses on a logical slice select
axis 68, a frequency encoding axis 70, a phase encoding
axis 72, an RF axis 74, and a data acquisition axis 76.
In general, the pulse sequence description begins with
a pair of gradient pulses on slice select axis 68 as rep-
resented at reference numeral 78. During a first of these
gradient pulses, an RF pulse 80 is generated to excite
gyromagnetic material in the subject. Phase encoding
pulses 82 are then generated, followed by a frequency
encoding gradient 84. A data acquisition window 86 pro-
vides for sensing signals resulting from the excitation
pulses which are phase and frequency encoded. The
pulse sequence description terminates with additional
gradient pulses on the slice select, frequency encoding,
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and phase encoding axes.

[0048] As will be appreciated by those skilled in the
art, the foregoing operation of an MRI system, and other
procedures for obtaining image data on other modality
imaging systems calls for a number of peripheral devices
and subsystems operating in concert. For example, in
the foregoing example, the pulse sequence description
is typically stored within the control system 14, and car-
ried out upon request. However, various pulse sequenc-
es may call for different peripheral devices, such as RF
coils 32. In a typical application, a clinician or radiologist
will select an examination via interface system 16, and
insert the appropriate RF coil in the data acquisition sys-
tem 12. Similarly, the table on which the patient is posi-
tioned will be placed in the appropriate orientation, and
the gradient coils will be prepared for the examination
sequence. Well before these procedures are carried out,
calibration procedures are performed on all of these pe-
ripheral devices, as well as on other components of the
system. When the operator selects the examination se-
qguence, an identification of the peripheral devices asso-
ciated with the system, such as RF coil 32, is input
through the interface system 16. The calibration informa-
tion for the coil, as well as other relevant information is,
in these prior art techniques, accessed from a storage
device, typically the memory circuitry 38 of the imaging
system itself.

[0049] The present technique permits such informa-
tion to be stored in each peripheral device or subsystem.
Fig. 4 illustrates an exemplary peripheral topology 100
available through the present technique. As illustrated
diagrammatically in Fig. 4, a wide variety of the periph-
erals and subsystems of the imaging system may include
circuitry for storing and accessing identification data, cal-
ibration data, and other useful information and functional
code. In the embodiment illustrated in Fig. 4, each of
these devices, illustrated on the left of system controller
36, can receive and transmit data in digital form through
system controller 36 for use in examination sequences
and servicing. These peripherals and subsystems in-
clude the RF coils 32 and power amplification circuitry
42 for driving the coils. Each individual coil may include
circuitry for storage of the data, as may the power am-
plification circuitry. Other such peripheral devices and
subsystems may include gradient coils 26, 28 and 30, as
well as driver circuitry 40 for controlling the fields pro-
duced by the gradient coils. Magnet 24, as well as its
power supply 34, may be similarly equipped. In MRI sys-
tems, as well as in other medical diagnostic imaging
equipment, similar peripheral devices may further in-
clude respiration monitors 102, ECG monitors 104, and
contrast agent injection devices 106. In the case of MRI
systems, stimulating devices for functional MRI (fMRI)
examinations may be equipped for storing and accessing
data, as indicated at reference numeral 108. Finally, ad-
ditional components of the system, such as table 20 may
be equipped with circuitry, as indicated at reference nu-
meral 110 in Fig. 4, for providing similar information.
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[0050] The information which may be stored and ac-
cessed in the various peripheral devices may vary widely
depending upon the nature of the peripheral device and
its use in the system. For example, in the case of gradient
coils and RF coils of an MRI system, data may be stored
in each device to provide an indication of the peripheral
type, its identification, the manufacturing date and
source, and field strength. Calibration information result-
ing from separate calibration sequences may also be
stored in the devices. Finally, service histories, including
references or code indicative of particular services per-
formed on the devices or problems encountered in the
devices in the past may be similarly stored directly on
the device. Other devices may have unique information
associated with them which may be similarly stored. For
example, the circuitry 110 associated with the table for
positioning a patient in an MRI system may include data
indicative of weight limitations of the table which are ac-
cessed and used by the system during examinations.
The information may serve as a basis, for example, in
notifications or alarms output to clinicians when weight
limits are approached or exceeded.

[0051] In addition to storing and accessing informa-
tional data, each peripheral device or subsystem may
further include executable code which may be carried
out in coordination with system controller 36, or other
external circuitry. For example, calibration algorithms,
autocalibration procedures, and so forth, may be stored
in peripheral devices requiring such calibration for exam-
ination sequences. These programs may be self execut-
ing upon connection of the devices to the system, as
described below, ormay be accessed and executed upon
an operator prompt or upon a call sequence from a rou-
tine executed by the external components.

[0052] The peripheral devices and subsystems illus-
trated in Fig. 4, as well as other peripheral devices which
may be added or useful in the system, preferably com-
municate through system controller 36. As noted above,
system controller may store information on each device,
and access the information as desired for particular im-
aging needs. Moreover, system controller 36 may act as
an interface for conveying certain of the information to
other systems, both within an institution and outside the
institution. Asillustrated in Fig. 4, for example, aradiology
department informational system 112 may be coupled to
system controller, such as via an intranet or the like, to
access information from the peripheral devices and sub-
systems, and to download information to each device as
desired. Similar information exchange may be performed
with a hospital information system, as indicated at refer-
ence numeral 114. A field engineer station 116 may sim-
ilarly communicate with the peripheral devices and sub-
systems through system controller 36. For example, a
field engineer laptop may be coupled to a system con-
troller for accessing service records, calibration informa-
tion, usage information, and so forth, from each device.
Finally, in the embodiment illustrated in Fig. 4, a remote
servicing facility 118 may communicate with system con-
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troller to access the data from the peripheral devices and
subsystems. The service facility accessing in this manner
may be entirely remote from the imaging system or insti-
tution, such as in a remote service center connected to
the institution via an open wide area network, such as
the Internet, a virtual proprietary network or the like.
[0053] Various configurations for the storage of data
and code may be envisaged, which may be incorporated
directly into the imaging system peripheral devices and
subsystems. Fig. 5 illustrates an exemplary peripheral
topology 120 in accordance with a present embodiment.
In this topology, a processing circuit 122 is provided for
executing any functional code, exchanging data, re-
sponding to data requests, and so forth. Processing cir-
cuit 122, which may typically include a programmed mi-
croprocessor, draws data from a memory circuit 124
where the datais stored. The memory circuit may include
any suitable type of memory, but preferably includes
non-volatile memory capable of retaining the data when
power is removed from the peripheral device or subsys-
tem. Processing circuit 122 may also write data to the
memory circuit, such as upon initial manufacturing and
testing of the device, following calibration sequences, fol-
lowing service events, and so forth. Where the peripheral
device or subsystem includes sensors 128, these also
form part of the preferred topology. Such sensors may
be provided, for example, for detecting temperatures of
coils, acoustical signals for cardiac monitors, flow rates
for contrast agent injection devices, force or a related
parameter for table weight monitoring, and so forth.
Where required, interface circuitry 130 is provided for
conditioning signals received from the sensors 128 be-
fore application of the signals to processing circuitry 122.
It should be noted that in addition to the exchange of data
in the topology of Fig. 5, power may also be transmitted
between the devices such as for powering processing
circuit 122 and sensors 128.

[0054] Where desired, interface circuitry 126 may be
provided in each device for encrypting and decrypting
stored data. As will be appreciated by those skilled in the
art, such circuitry will generally translate data stored and
processed within the device to an encrypted or decrypted
form so as to limit access or the utility of the data to ex-
ternal circuits. Interface 126 may further include circuitry
for verification of the identity of a requesting circuit as
described below. Such identification is particularly useful
in limiting access of the stored data by external circuitry,
devices, and personnel.

[0055] The topology provided in the embodiment of
Fig. 5 may be based upon any suitable programming
code and architecture. In a preferred embodiment, a
product family available from Dallas Semiconductor of
Dallas, Texas, under the commercial designation Crypto
iButton, serves as the platform for the topology.

[0056] Such devices were installed in a quick discon-
nect box for a variety of RF coils of an MRI system. The
devices were then programmed to contain manufacturing
and calibration data specific to each coil, as well as a
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dynamically updated record of the total number of uses
of the coil. In operation, as each RF coil was coupled to
a standard coil receptacle, the coil was automatically
identified by the imaging system interface and the inter-
face was updated to reflect insertion of the coil, including
an electronicimage of the coil itself, provided on a monitor
(see monitor 48 in Fig. 1). The system was made
back-compatible for coils not equipped with the preferred
data topology by prompting the user to select a coil from
a list of candidate coils when the coil was not identified
during the initial connection sequence. The device in-
cluded a single-chip trusted microcomputer as process-
ing circuit 122, equipped with a Java virtual machine, a
1024-bit math accelerator, and an unalterable real time
clock. Memory circuit 124 included a 6 Kbyte random
access memory and a 32 Kbyte read-only memory. The
processing functions included RSA encryption.

[0057] More limited topographies are, of course, avail-
able in the present technique. For example, where no
processing capabilities are required, or very limited ca-
pabilities are required, specific analog or digital circuitry
may be provided in the topology for this purpose. More-
over, memory-only devices may be provided in which
data is merely stored and accessed.

[0058] Fig. 6 illustrates exemplary control logic, des-
ignated generally by reference numeral 132, for data
management through a device equipped as illustrated in
Fig. 5inaccordance with the present technique. As noted
above, the device is first connected to other system com-
ponents, as indicated at step 134. In practice, separable
peripheral devices or subsystems may be physically con-
nected at this step, or resident peripheral devices and
subsystems may be connected during installation.

Claims
1. A medical diagnostic imaging system comprising:

an image data acquisition system (12) for gen-
erating digital data representative of an image
of a subject of interest;

a control system (14) coupled to the image data
acquisition system (12) for regulating acquisition
of the data; and

a peripheral device (26-34, 42, 102-110) select-
ed from the group consisting of gradient coils
(26, 28, 30), radio frequency coils (32), (40) res-
piration monitors (102), ECG monitors (104),
contrast injection devices (106), stimulating de-
vices (108), and a patient table (110) and cou-
pled to and controlled by the control system (14),
the peripheral device including:

a memory circuit (124), the memory circuit
being configured to store parameter data
descriptive of a characteristic of interest of
the peripheral device; and
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an interface circuit (126), the interface cir-
cuit being configured to access the param-
eter data and to transmit the parameter data
from the peripheral device (26-34, 42,
102-110) upon demand.

The system of claim 1 wherein the peripheral device
(26-34,42, 102-110) includes a digital data process-
ing circuit (112), coupled to the memory circuit (124)
and to the interface circuit (126) for executing a pre-
determined processing routine on the parameter da-
ta.

The system of claim 2, wherein the peripheral device
(26-34, 42, 102-110) includes a sensor for generat-
ing a signal representative of the characteristic of
interest, the processing circuit (112) processing sig-
nals generated by the sensor and storing resulting
parameter data in the memory circuit (124).

The system of claim 1 or 2, wherein the image data
acquisition system (12) is a magnetic resonance im-
aging system.

The system of claim 1 or 2, wherein the parameter
data includes at least one of an identification of the
peripheral device (26-34, 42, 102-110) and calibra-
tion data for the peripheral device (26-34, 42,
102-110).

The system of claim 3, wherein the sensor is one of
aload sensor, atemperature sensor, and an acoustic
sensor.

The system of claim 3, wherein the peripheral device
(26-34, 42, 102-110) is one of a radio frequency coil
assembly, a monitor for generating a signals repre-
sentative of a physiologic parameter and a support
for receiving a subject being imaged.

Amethod for managing peripheral datain animaging
system, the method comprising the steps of:

providing a peripheral device (26-34, 42,
102-110) selected from the group consisting of
gradient coils (26, 28, 30), radio frequency coils
(32), respiration monitors (102), ECG monitors
(104), contrast injection devices (106), stimulat-
ing devices (108), and a patient table (110) and
including amemory circuit(124) and aninterface
circuit (126), the memory circuit (124) being con-
figured to store data representative of a charac-
teristic of interest of the peripheral device
(26-34, 42, 102-110), the interface circuit (126)
being configured to access the stored data and
to transmit the stored data to an external device;
storing peripheral data in the memory circuit
(124) of the peripheral device, the peripheral da-
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ta remaining resident in the peripheral device;
connecting the peripheral device to a control
system (14); and accessing the peripheral data
from the memory circuit (124) via the control sys-
tem (14).

The method of claim 8, wherein the peripheral data
is representative of manufacturing information for
the peripheral device and is stored in the memory
circuit (124) following manufacture of the device.

The method of claim 8, wherein the peripheral data
is representative of calibration information for the pe-
ripheral device and is stored in the memory circuit
(124) following a calibration sequence performed on
the peripheral device (26-34, 42, 102-110).

Revendications

1.

Systéme d’imagerie médicale

comprenant :

diagnostique,

un systéme d’acquisition (12) de données d’ima-
ge pour produire des données numériques re-
présentatives d’'une image d’un sujet concerné;
un systeme de commande (14) couplé au sys-
teme d’acquisition (12) de données d’'image
pour réguler I'acquisition des données ; et

un périphérique (26-34, 42, 102-110) choisi
dans le groupe comprenant des bobines de gra-
dient (26, 28, 30), des bobines haute fréquence
(32), des moniteurs d’apnée (102), des électro-
cardioscopes (104), des dispositifs d’injection
(106) d’agent contrastant, des dispositifs de sti-
mulation (108) et une table (110) de support de
patient et couplé et commandé par le systeme
de commande (14), le périphérique
comprenant :

un circuitde mémoire (124), le circuitde mé-
moire étant congu pour stocker des don-
nées parameétriques décrivant une caracté-
ristique intéressante du périphérique ; et

un circuit d’interface (126), le circuit d’inter-
face étant congu pour accéder a la deman-
de aux données paramétriques et pour
transmettre les données paramétriques a
partir du périphérique (26-34, 42, 102-110).

Systéme selon la revendication 1, dans lequel le pé-
riphérique (26-34, 42, 102-110) comprend un circuit
de traitement numérique (112) de données, couplé
au circuit de mémoire (124) et au circuit d’'interface
(126) pour exécuter un programme de traitement
prédéterminé sur les données paramétriques.

Systéme selon la revendication 2, dans lequel le pé-
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riphérique (26-34, 42, 102-110) comprend un détec-
teur servant a produire un signal représentant la ca-
ractéristique intéressante, le circuit de traitement
(112) traitant des signaux produits par le détecteur
et stockant dans le circuit de mémoire (124) les don-
nées parameétriques qui en résultent.

Systéme selon la revendication 1 ou 2, dans lequel
le systéme d’acquisition (12) de données d’image
est un systeme d’imagerie par résonance magnéti-
que.

Systéme selon la revendication 1 ou 2, dans lequel
les données paramétriques comprennent une iden-
tification du périphérique (26-102-110) et/ou des
données d’étalonnage pour le périphérique (26-34,
42, 102-110).

Systéme selon la revendication 3, dans lequel le dé-
tecteur est un détecteur de charge ou un détecteur
de température ou un détecteur acoustique.

Systéme selon la revendication 3, dans lequel le pé-
riphérique (26-34, 42, 102-110) est un ensemble de
bobines haute fréquence, un moniteur pour produire
des signaux représentant un parameétre physiologi-
que ou un support pour recevoir un sujet dont on
veut réaliser une image.

Procédé pour gérer des données de périphérique
dans un systéme d’'imagerie, le procédé comprenant
les étapes consistant a :

prévoir un périphérique (26-34, 42, 102-110)
choisi dans le groupe comprenant des bobines
de gradient (26, 28, 30), des bobines haute fré-
quence (32), des moniteurs d’'apnée (102), des
électrocardioscopes (104), des dispositifs d’in-
jection (106) d’agents contrastant, des disposi-
tifs de stimulation (108) et une table (110) de
support de patient, et comprenant un circuit de
mémoire (124) et un circuit d’interfagage (126),
le circuit de mémoire (124) étant congu pour
stocker des données représentant une caracté-
ristique intéressante du périphérique (26-34, 42,
102-110), le circuit d'interfagage (126) étant
congu pour accéder aux données en mémoire
et transmettre les données stockées a un dis-
positif externe ;

stocker des données de périphérique dans le
circuit de mémoire (124) du périphérique, les
données de périphérique restant résidantes
dans le périphérique ;

connecter le périphérique a un systéme de com-
mande (14) ; et accéder aux données de péri-
phérique a partir du circuit de mémoire (124) par
lintermédiaire du systeme de commande (14).
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Procédé selon la revendication 8, dans lequel les
données de périphérique représentent des informa-
tions de fabrication pour le périphérique et sont stoc-
kées dans le circuit de mémoire (124) apreés la fabri-
cation du dispositif.

Procédé selon la revendication 8, dans lequel les
données de périphérique représentent des informa-
tions d’étalonnage pour le périphérique et sont stoc-
kées dans le circuit de mémoire (124) ala suite d’'une
séquence d’étalonnage exécutée surle périphérique
(26-34, 42, 102-110).

Patentanspriiche

1.

Medizinisches diagnostisches Bildgebungssystem:

mit einem Bilddatenakquisitionssystem (12) zur
Erzeugung digitaler Daten, die ein Bild eines in-
teressierendes Objekts reprasentieren,

mit einem Steuersystem (14), das mit dem Bild-
datenakquisitionssystem (12) verbunden ist, um
die Datenakquisition zu steuern und

mit einer peripheren Einrichtung (26-34, 42,
102-110), zu denen Elemente aus der Gruppe
bestehend aus Gradientenspulen (26, 28, 30),
Hochfrequenzspulen (32), Atmungsmonitoren
(102), ECG-Monitoren (104), Kontrastinjekti-
onseinrichtungen (106), Stimulationseinrichtun-
gen (108) und ein Patiententisch (110) gehoéren
und die mit dem Steuersystem (14) verbunden
und von diesem gesteuert sind, wobei zu der
peripheren Einrichtung gehéren:

eine Speicherschaltung (124), wobei die
Speicherschaltung dazu eingerichtet ist,
Parameterdaten zu speichern, die eine in-
teressierende Eigenschaft beschreiben
und

eine Interfaceschaltung (126), wobei die In-
terfaceschaltung dazu eingerichtet ist, auf
die Parameterdaten zuzugreifen und die
Parameterdaten von der peripheren Ein-
richtung (26-34, 42, 102-110) auf Abruf zu
Ubertragen.

System nach Anspruch 1, bei dem die periphere Ein-
richtung (26-34, 42, 102-110) eine digitale Datenver-
arbeitungsschaltung (112) aufweist, die mitder Spei-
cherschaltung (124) und der Interfaceschaltung
(126) verbundenist,um an den Parameterdaten eine
vorbestimmte Verarbeitungsroutine auszufiihren.

System nach Anspruch 2, bei dem die periphere Ein-
richtung (26-34, 42, 102-110) einen Sensor zur Er-
zeugung eines Signals beinhaltet, das die interes-
sierende Eigenschaft reprasentiert, wobei die Ver-
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arbeitungsschaltung (112) Signale verarbeitet, die
durch den Sensor erzeugt worden sind und sich er-
gebende Parameterdaten in der Speicherschaltung
(124) abspeichert.

System nach Anspruch 1 oder 2, bei dem das Bild-
datenakquisitionssystem (12) ein Magnetoreso-
nanzbildgebungssystem ist.

System nach Anspruch 1 oder 2, bei dem die Para-
meterdaten eine Identifikation der peripheren Ein-
richtung (26-34, 42, 102-110) und/oder Kalibrierda-
ten fur die periphere Einrichtung (26-34, 42,
102-110) beinhalten.

System nach Anspruch 3, bei dem der Sensor ein
Lastsensor, ein Temperatursensor, und/oder ein
akustischer Sensor ist.

System nach Anspruch 3, bei dem die periphere Ein-
richtung (26-34, 42, 102-110) eine Hochfrequenz-
spulenanordnung und/oder ein Monitor zur Erzeu-
gung von Signalen, die einen physiologischen Pa-
rameter reprasentieren und/oder ein Trager zur Auf-
nahme des der Bildgebung zu unterwerfenden Ob-
jekts ist.

Verfahren fiir die Organisation von peripheren Daten
in einem Bildgebungssystem, wobei das Verfahren
die folgenden Schritte aufweist:

Bereitstellen einer peripheren Einrichtung
(26-34,42,102-110), die aus der Gruppe beste-
hend aus Gradientenspulen (26, 28, 30),
HF-Spulen (32), Atmungsmonitoren (102),
ECG-Monitoren (104), Kontrastinjektionsein-
richtungen (106), Stimulationseinrichtungen
(108) und einen Patiententisch (110) ausge-
wahlt ist und zu der eine Speicherschaltung
(124) und eine Interfaceschaltung (126) geho-
ren, wobei die Speicherschaltung (124) darauf
eingerichtet ist, Daten zu speichern, die eine in-
teressierende Eigenschaft der peripheren Ein-
richtung (26-34, 42, 102-110) reprasentieren,
wobei die Interfaceschaltung (126) darauf ein-
gerichtet ist, auf die gespeicherten Daten zuzu-
greifen und die gespeicherten Daten an eine ex-
terne Einrichtung zu Gbertragen,

Speichern der peripheren Daten in der Spei-
cherschaltung (124) der peripheren Einrichtung,
wobei die peripheren Daten in der peripheren
Einrichtung resident verbleiben,

Verbinden der peripheren Einrichtung mit einem
Steuersystem (14) und Zugriff auf die periphe-
ren Daten von der Speicherschaltung (124) iber
das Steuersystem (14).

9. Verfahren nach Anspruch 8, bei dem die peripheren
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Daten Herstellerinformation flir die periphere Ein-
richtung reprasentieren und nach der Herstellung
der Einrichtung in der Speicherschaltung (124) ge-
speichert sind.

Verfahren nach Anspruch 8, bei dem die peripheren
Daten Kalibrierinformation der peripheren Einrich-
tung représentieren und nach einer an der periphe-
ren Einrichtung (26-34, 42, 102-110) durchgefuhrten
Kalibriersequenz in der Speicherschaltung (124) ge-
speichert sind.
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