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ABSTRACT 

A Workstation is programmed to operate as an application 
development system for a medical imaging system. Objects 
programmed in an object-oriented language are selected 
from a component library using a visual component assem 
bler Which enables them to be dragged from a framework 
area on a display to a Workspace area. Properties of selected 
components may be edited, and the resulting collection of 
components may be saved as an application program. 
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APPLICATION DEVELOPMENT SYSTEM FOR A 
MEDICAL IMAGING SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] The present invention is a continuation and claims 
priority of US. Ser. No. 09/721,233 ?led Nov. 22, 2000. 

BACKGROUND OF THE INVENTION 

[0002] The ?eld of the invention is medical imaging 
systems, and particularly, systems for developing softWare 
applications for such imaging systems. 

[0003] There are many types of medical imaging systems. 
The primary distinction betWeen the different systems is the 
medical imaging modality that is used, such as, X-ray, 
magnetic resonance, ultrasound or nuclear. In addition, a 
broad range of capabilities and features are typically offered 
in each imaging modality. For eXample, a magnetic reso 
nance imaging (“MRI”) system may be offered With a range 
of polariZing magnetic strengths and con?gurations and With 
a range of different optional features such as magnetic 
resonance angiography (“MRA”), cardiac imaging and func 
tional magnetic resonance imaging (“fMRI”). 

[0004] Despite the many differences, medical imaging 
systems have a number of basic functions in common. All 
medical imaging systems include an operator interface 
Which enables a particular image acquisition to be pre 
scribed, a data acquisition apparatus Which uses one of the 
imaging modalities to acquire data from the subject, an 
image reconstruction processor for reconstructing an image 
using acquired data, and storage apparatus for storing 
images and associated patient information. Typically, hard 
Ware is designed to carry out these functions and system 
softWare is designed and Written for each hardWare con?gu 
ration. 

[0005] A medical imaging system contains application 
programs Which direct the imaging system to perform par 
ticular types of scans, image reconstructions and post pro 
cessing applications. For eXample, an MRI system may 
include application softWare Which directs the imaging 
system to perform a fast spin-echo scan, or a fast gradient 
recalled echo scan, or a functional MRI scan, or a cardiac 
cine scan. Each of these different applications requires the 
Writing of softWare code in a language such as assembler, or 
C and the linking and compiling of such code for use in the 
MRI system. As the number of applications groWs, the 
amount and complexity of the application softWare code 
becomes increasingly difficult to maintain. As a result, the 
addition of neW applications to the imaging system becomes 
increasingly difficult. 

SUMMARY OF THE INVENTNION 

[0006] The present invention is an application develop 
ment system for a medical imaging system, and particularly, 
a system for producing an object oriented application pro 
gram from a library of stored components, each component 
containing methods in the form of executable code and data 
related to the operation of the medical imaging system. The 
application development system includes a memory for 
storing a library of components; a display containing a 
frameWork area providing an indication of the components 
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stored in the library, containing a Workspace area for indi 
cating components selected from the library to form an 
application program, and containing a properties area for 
indicating instance variables of a selected component; an 
input device; and a processor programmed to enable a user 
to select With the input device components indicated in the 
frameWork area and place them in the Workspace area, 
programmed to edit With the input device instance variables 
indicated in the properties area for a selected component, 
and programmed to store the components in the Workspace 
area as an application program. 

[0007] Application programs may be created Without Writ 
ing and compiling program code. All program code is 
contained in the components stored in the library and the 
selection of components and placement in the Workspace 
area of the display links the program code and any modi?ed 
properties, or instance variables into a single application 
program Which can be “persisted”. The application program 
is stored on the medical imaging system along side the 
component library, and When the application is selected to 
perform a scan, the program code from the proper compo 
nents in the component library are linked together per the 
design of the stored application, and their instance variables 
set as indicated by the application program. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is a block diagram of an MRI system Which 
employs the preferred embodiment of the invention; 

[0009] FIG. 2 is a block diagram of functional compo 
nents in a Workstation Which forms part of the MRI system 
of FIG. 1; 

[0010] FIG. 3 is a block diagram of the softWare archi 
tecture of a preferred embodiment of an application devel 
opment system Which employs the present invention; 

[0011] FIG. 4 is a pictorial representation of a display 
produced by a visual component assembler Which forms part 
of the softWare architecture of FIG. 3; 

[0012] FIG. 5 is a block diagram of an imaging system 
Which employs the present invention; 

[0013] FIG. 6 is a pictorial display of an alternative 
embodiment of a Workspace region in the display of FIG. 4; 

[0014] FIG. 7 is a pictorial display of a properties portion 
of the display in FIG. 4 depicting an rf pulse component; 
and 

[0015] FIG. 8 is a pictorial display shoWing a graphic plot 
of the rf pulse component of FIG. 7. 

GENERAL DESCRIPTION OF THE INVENTION 

[0016] Referring particularly to FIG. 5, a medical imaging 
system includes imaging apparatus 110 comprised of 
mechanical and electrical hardWare elements that are oper 
ated during a scan to acquire image data. The imaging 
system also includes data processing apparatus 112 that is 
operated to reconstruct images using the acquired image 
data. To operate the system and to enter a scan prescription 
an operator input device 114, such as a keyboard and control 
panel, is provided, a display device 116 is provided to 
present the images for visualiZation and a storage device 
117, such as a hard disc drive, is provided to archive 
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acquired images. The particular imaging modality used, and 
the complexity and power of these hardware elements varies 
substantially from one system to the neXt. 

[0017] The system includes a Workstation 118 Which is 
programmed in a machine independent language, such as 
JavaTM, to provide a user interface 120 that enables an 
operator to enter scan parameters using the operator input 
device 114. The Workstation 118 is programmed to produce 
a scan description 122, Which in its simplest con?guration 
contains image acquisition description components and data 
processing description components that contain information 
required by the imaging apparatus 110 and data processing 
apparatus 112 to perform the prescribed scan. 

[0018] Prior to run time, a snap shot of the scan descrip 
tion 122 is doWnloaded to a plurality of servers Which 
control the imaging system hardWare apparatus. In the 
simplest con?guration these include an image acquisition 
server 124 and a data processing server 126 Which operate 
the respective imaging apparatus 110 and data processing 
apparatus 112. When provided With the scan description 
components, the servers’ programs direct the image system 
hardWare apparatus to perform the prescribed scan. A data 
store server 113 directs the storage device 117 to save the 
images along With associated patient information. 

[0019] The particular scan or operation that is performed 
by the medical imaging system is directed by an application 
program stored in the Workstation 118. 

[0020] The application program is produced using an 
application development system that runs on the Workstation 
118 or a separate Workstation (not shoWn). The application 
development system enables the user to create a neW appli 
cation program by selecting objects, or components, Written 
in an object-oriented programming language, from a com 
ponent library, and assemble them using a visual component 
assembler. The instance variables of selected components 
are displayed and may be edited for the neW application 
program. The assembled components are instantiated and 
saved as a neW application program Which may be recon 
stituted for use on the medical imaging system. Instantiation 
is achieved using a serialiZation process in Which the hier 
archical relationship of components and their instance vari 
ables are stored. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0021] Referring particularly to FIG. 1, the preferred 
embodiment of the invention is employed to operate an MRI 
system. The MRI system includes a Workstation 10 having 
a display 12 and a keyboard 14. The Workstation 10 includes 
a processor 16 Which is a programmable machine commer 
cially available from Silicon Graphics, Inc. It is based on a 
64-bit microprocessor manufactured by Intel and it runs the 
Linux operating system. The Workstation 10 provides the 
operator interface Which enables scan prescriptions to be 
entered into the MRI system. As Will be described in more 
detail beloW, the Workstation 10 Will run one or more J avaTM 
virtual machines Which Will run code Which is programmed 
in the J avaTM language that is fully transportable to any other 
programmable machine Which is J avaTM compatible. 

[0022] The Workstation 10 is coupled to four servers: a 
pulse sequence server 18; a data acquisition server 20; a data 
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processing server 22, and a data store server 23. In the 
preferred embodiment the data store server 23 is performed 
by the Workstation processor 16 and associated disc drive 
interface circuitry. The remaining three servers 18, 20 and 22 
are performed by separate processors mounted in a single 
enclosure and interconnected using a 64-bit backplane bus 
structure based on the PCI standard for industrial and 
telecommunications applications called “CompactPCI”. The 
pulse sequence server 18 employs a 366 MHZ microproces 
sor model PPC750 and a quad communication controller 
model MPC860T manufactured by Motorola, Inc. The data 
acquisition server 20 and data processing server 22 both 
employ the same 366 MHZ microprocessor and the data 
processing server 22 further includes one or more array 

processors based on parallel vector processors commercially 
available from Mercury Computer Systems, Inc. as the 
PoWerPCTM. Another 366 MHZ microprocessor (not shoWn) 
serves as a hardWare controller on the PCI bus structure and 

it controls a quad communication controller model 
MPC860T manufactured by Motorola, Inc. 

[0023] The Workstation 10 and each processor for the 
servers 18, 20 and 22 are connected to a 100 BaseT Ethernet 
serial communications netWork. This serial netWork conveys 
data that is doWnloaded to the servers 18, 20 and 22 from the 
Workstation 10 and it conveys tag data that is communicated 
betWeen the servers and betWeen the Workstation and the 
servers. In addition, a high speed data link using the BIT3 
protocol is provided betWeen the data processing server 22 
and the Workstation 10 in order to convey image data to the 
data store server 23. 

[0024] The pulse sequence server 18 functions in response 
to program elements doWnloaded from the Workstation 10 to 
operate a gradient system 24 and an RF system 26. Gradient 
Waveforms necessary to perform the prescribed scan are 
produced and applied to the gradient system 24 Which 
eXcites gradient coils in an assembly 28 to produce the 
magnetic ?eld gradients GX, Gy and GZ used for position 
encoding NMR signals. The gradient coil assembly 28 forms 
part of a magnet assembly 30 Which includes a polariZing 
magnet 32 and a Whole-body RF coil 34. 

[0025] RF excitation Waveforms are applied to the RF coil 
34 by the RF system 26 to perform the prescribed magnetic 
resonance sequence. Responsive NMR signals detected by 
the RF coil 34 are received by the RF system 26, ampli?ed, 
demodulated, ?ltered and digitiZed under direction of com 
mands produced by the pulse sequence server 18. Exem 
plary RF systems are described in US. Pat. No. 4,952,877 
and US. Pat. No. 4,992,736. 

[0026] The pulse sequence server 18 also optionally 
receives patient data from a physiological acquisition con 
troller 36. The controller 36 receives signals from a number 
of different sensors connected to the patient, such as ECG 
signals from electrodes or respiratory signals from a bel 
loWs. Such signals are typically used by the pulse sequence 
server 18 to synchroniZe the performance of the scan. 

[0027] The pulse sequence server 18 also connects to a 
scan room interface circuit 38 Which receives signals from 
various sensors associated With the condition of the patient 
and the magnet system. It is also through the scan room 
interface circuit 38 that a patient positioning system 40 
receives commands to move the patient to desired positions 
during the scan. 
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[0028] It should be apparent that the pulse sequence server 
18 performs real-time control of MRI system elements 
during a scan. As a result, it is necessary that its hardWare 
elements be operated With program instructions that are 
executed in a timely manner. As Will be explained in more 
detail beloW, the pulse sequence server 18 is controlled 
during run-time by programs Written in a loW level pro 
gramming language such as assembler, C or C++. The 
description components for a scan prescription are doWn 
loaded from the Workstation 10 in the form of objects. The 
pulse sequence server 18 contains programs Which receive 
these objects using a serialiZation mechanism. The pulse 
sequence server 18 also includes a program Which converts 
the objects to C++ objects that are employed by the run-time 
programs. In the preferred embodiment JavaTM objects are 
doWnloaded and the JavaTM serialiZation mechanism is 
employed. The pulse sequence server 18 thus includes both 
hardWare independent programs Written in J avaTM and hard 
Ware dependent programs. It is contemplated that JavaTM 
interpreters Will eventually become fast enough that nearly 
all programs run on the pulse sequence server 18 Will be 
Written in hardWare independent form. 

[0029] The digitiZed NMR signal samples produced by the 
RF system 26 are received by the data acquisition server 20. 
The data acquisition server 20 operates in response to 
description components doWnloaded from the Workstation 
10 to receive the real-time NMR data and provide buffer 
storage such that no data is lost by data overrun. In some 
scans the data acquisition server 20 does little more than 
pass the acquired NMR data to the data processor server 22. 
HoWever, in scans Which require information derived from 
acquired NMR data to control the further performance of the 
scan, the data acquisition server 20 is programmed to 
produce such information and convey it to the pulse 
sequence server 18. For example, during prescans NMR data 
is acquired and used to calibrate the pulse sequence per 
formed by the pulse sequence server 18. Navigator signals 
may be acquired during a scan and used to adjust RF or 
gradient system operating parameters or to control the vieW 
order in Which k-space is sampled. And, the data acquisition 
server 20 may be employed to process NMR signals used to 
detect the arrival of contrast agent in an MRA scan as 
described in co-pending US. patent application Ser. No. 
08/635,078 ?led Apr. 19, 1996 and entitled “Method For 
Performing Magnetic Resonance Angiography Using a 
Contrast Agent”. In all these examples the data acquisition 
server 20 acquires NMR data and processes it in real-time to 
produce information Which is used to control the scan. 

[0030] As With the pulse sequence server 18, the hardWare 
elements of the data acquisition server 20 are operated at 
run-time With program instructions in a programming lan 
guage such as assembler, C or C++. As Will be explained in 
more detail beloW, the directions for its operation during a 
scan are doWnloaded from the Workstation 10 in the form of 
objects. A server proxy receives the objects using the seri 
aliZation mechanism and the doWnloaded objects are con 
verted to C++ objects that are employed to operate the data 
acquisition server 20 during run-time. As indicated above, 
J avaTM objects are doWnloaded in the preferred embodiment 
using the JavaTM serialiZation mechanism. 

[0031] The data processing server 22 receives NMR data 
from the data acquisition server 20 and processes it in 
accordance With description components doWnloaded from 
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the Workstation 10. Such processing may include, for 
example: Fourier transformation of raW k-space NMR data 
to produce tWo or three-dimensional images; the application 
of ?lters to a reconstructed image; the performance of a 
backproj ection image reconstruction of acquired NMR data; 
the calculation of functional MR images; the calculation of 
motion or How images, etc. 

[0032] Images reconstructed by the data processing server 
22 are conveyed back to the Workstation 10 Where they are 
stored. Real-time images are stored in a data base memory 
cache (not shoWn) from Which they may be output to 
operator display 12 or a display 42 Which is located near the 
magnet assembly 30 for use by attending physicians. Batch 
mode images or selected real time images are stored in a host 
database on disc storage 44. When such images have been 
reconstructed and transferred to storage, the data processing 
server 22 noti?es the data store server 23 on the Workstation 
10. The Workstation 10 may be used by an operator to 
archive the images, produce ?lms, or send the images via a 
netWork to other facilities. 

[0033] Directions for the particular operations to be per 
formed by the data processing server 22 are doWnloaded 
from the Workstation 10. The time critical functions are 
performed With programs Written in assembler, C or C++ 
and the doWnloaded JavaTM object directions must be con 
verted to corresponding executable code as described above. 

[0034] As indicated above, the Workstation 10 is a J avaTM 
virtual machine Which executes programs Written in the 
J avaTM programming language. The Workstation softWare is 
structured to perform “applications” Which may be selected 
and run by an operator. Such applications correspond to 
clinical imaging procedures and may include, for example: 

[0035] perform a scan using an FSE pulse sequence; 

[0036] conduct a CEMRA dynamic study; 

[0037] perform an fMRI study; 

[0038] perform a runoff vascular study 

[0039] perform image post processing 

[0040] ?lming 
[0041] networking 

[0042] An application is a collection of JavaTM objects 
stored in an “application container” that may be selected by 
an operator to perform a scan. Referring particularly to FIG. 
2, each application container includes a JavaTM application 
controller component 46 Which directs other JavaTM com 
ponents in the container to perform the scan. These other 
components include a prescription controller 52 Which 
includes a user interface component 53 and a prescription 
assistant component 55 that enable an operator to control the 
procedure performed by the application. 

[0043] The application container also includes scan 
descriptions 50. These scan descriptions are doWnloaded to 
the servers 18, 20, 22 and 23 (FIG. 1) and used by those 
servers to perform the prescribed scan. The stored scan 
descriptions 50 are unique for every different application. 

[0044] The preferred embodiment of the present invention 
is an application development system Which produces appli 
cation programs for this MRI system. This application 
program is a collection of interrelated J avaTM objects Within 
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the application container JavaTM object. These objects are 
selected and edited using tools in the application develop 
ment system. The application development system may 
reside on the MRI system Workstation 10, or it may reside 
on a separate, stand alone Workstation of similar structure 
and capability. 

[0045] After the application program is developed, the 
application container object is serialiZed and stored in the 
disc storage 44. When the operator of the MRI system 
selects the application program, the corresponding serialiZed 
application container object is read from the disc memory 44 
and reconstituted as shoWn in FIG. 2 to operate the MRI 
system. To better understand the requirements of the appli 
cation development system, the operations performed by the 
MRI system under the direction of the application program 
Will noW be described. 

[0046] The application controller 46 includes an applica 
tion state object 48 Which maintains the state of the appli 
cation as the scan is performed. The possible states during a 
life cycle of an application are as folloWs: 

[0047] InitialiZation 

[0048] Prescribing 
[0049] Prescribed 

[0050] DoWnloading 
[0051] DoWnloaded 

[0052] Prescanning 
[0053] Prescanned 

[0054] Batch Scanning 

[0055] Real Time Scanning 

[0056] Scan Paused 

[0057] Scanned 

[0058] Reconstructed 

[0059] VisualiZed. 

This life cycle is driven by commands from the applica 
tion container (like initialiZe application), by com 
mands from the operator (like start scan) and by 
commands generated internally by the application (like 
scan done). 

[0060] When the operator initially selects the application, 
the application initialiZes and changes to the “prescribing 
state” and the prescription controller 52 is enabled to interact 
With the scan description components 50 to determine What 
scan parameters must be speci?ed by the operator (e.g. TR, 
number of slices, location of FOV, ?ip angle) and determine 
if the prescription is complete and valid. The prescription 
controller 52 then signals the application state object 48 to 
sWitch to the “prescribed” state and doWnload, prescan and 
scan buttons on the control panel are enabled. 

[0061] If the operator hits the “doWnload” button, the 
application state object 48 changes to the “doWnload state” 
and the application controller 46 employs a snap shot 
controller 54 to issue snap shot and doWnload commands. As 
Will be described in more detail beloW, these commands 
cause the scan descriptions 50 to be doWnloaded to the 
servers 18, 20, 22 and 23. The snap shot controller 54 
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receives “doWnload done” noti?cation back from each of the 
servers 18, 20, 22 and 23, and When all four servers have 
been doWnloaded, the application state object 48 is changed 
to the “downloaded” state. 

[0062] If the operator hits the scan button, the application 
state object 48 Will change to the scan mode and a scan 
controller 56 is employed to issue a scan command to the 
pulse sequence server 18. The neXt state transition is gov 
erned by the scanning mode i.e., real-time or batch. The 
behavior of the application in the tWo modes is very different 
and so there are tWo different scanning states. If in real-time 
mode, the application is set to a “real-time scanning” state 
and if in batch mode, the application state is set to a “batch 
scanning” state. When in the real-time mode, if the user 
chooses to pause the scan, the application Will transition to 
a “scan paused” state. If scanning is resumed, the application 
goes back to the real-time scanning state. In real-time 
scanning state, the application can be edited and edited 
descriptions Will be doWnloaded even While the scanning is 
in progress. HoWever, the application Will not make a state 
transition; instead, the same state Will be characteriZed to 
alloW editing and doWnloading. It is this behavior of the 
real-time scanning state that differentiates it from the batch 
scanning state. 

[0063] The application Will make a transition to the 
“scanned” state When the operator hits the “stop scan” 
button. Also, if the application is in the batch scanning mode 
of operation, the pulse sequence server 18 noti?es the 
application controller 46 When the scan is completed. The 
application state object changes to the “scanned” state in 
either event. 

[0064] When the data processing server 22 completes 
reconstruction of the acquired images, the application con 
troller 46 is noti?ed and the application state object 48 is 
changed to the “reconstructed” state. This indicates to the 
Workstation 10 that reconstructed images are available on 
disk 44 for display or further processing. 

[0065] The scan descriptions 50 contain a set of compo 
nents that serve to collect scan parameters using the pre 
scription controller 52, and to organiZe those prescription 
scan parameters into a set of smaller components that can be 
doWnloaded to the servers 18, 20, 22 and 23. On the servers 
18, 20, 22 and 23, those doWnloaded components direct the 
operation of the hardWare in order to carry out the prescribed 
scan. 

[0066] There are different description types Within each 
application to provide logical groupings of components to 
deal With different aspects of executing an MR scan. These 
description types are: 

[0067] Pulse Description; 

[0068] Sequence Description; 
[0069] Acquisition Description; 
[0070] Data Processing Description; 

[0071] Data Store Description. 

The pulse description includes components that de?ne 
and control the Waveforms to be played out on the 
gradient system and the RF system hardWare, along 
With hardWare control components. These components 
control the dynamic aspects of the Waveforms and 
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hardware in response to events produced at run-time by 
components of the sequence description. This descrip 
tion also includes components that control the ?ltering 
of NMR signals received by the RF system 26. These 
components collectively de?ne a unique set of gradient/ 
RF/control pulses Which are used to excite, encode, and 
readout the NMR signals. Examples are pulse descrip 
tions for 2D spin echo, 2D gradient-echo, 2D fast 
spin-echo, and 3D gradient-echo sequences. 

[0072] The sequence description includes a set of compo 
nents that control the order of pulse sequences played out, 
and de?ne a series of prescribed events along the scan 
timeline. These prescribed events de?ned by the sequence 
description trigger the dynamic behavior of the pulse com 
ponents in the pulse description. These components pre 
scribe a unique acquisition ordering used to de?ne the slice 
and k-space sampling order. Examples are 2D sequential, 2D 
interleaved, 3D sequential, 3D elliptical centric, and multi 
slice CINE. 

[0073] The acquisition description includes a set of com 
ponents that prescribe the real-time processing of NMR 
signals acquired by the RF system 26. These components 
direct the performance of operations on acquired NMR 
signals to produce information that is fed back to compo 
nents in the sequence description to affect subsequent scan 
ner operation. These components may, for example, process 
NMR signals during a calibration prescan to feedback 
changes in the poWer or frequency of RF pulses produced 
during the subsequent scan; or process NMR signals to 
detect When a bolus of contrast agent arrives in a region of 
interest and trigger the start of a centric vieW order acqui 
sition; or process “navigator” NMR signals to produce phase 
correction information Which may be used to alter the vieW 
order of the scan or alter the demodulation reference fre 
quency of the RF system 26. There are scans commonly used 
in clinical applications Which do not require this capability, 
hoWever, and in those applications, the components in the 
acquisition description simply buffer or ?lter the acquired 
NMR signals and make them available to the data process 
ing server 22. 

[0074] The data processing description contains compo 
nents that direct the data processing server 22 to transform 
acquired NMR signals into a meaningful form. Image recon 
struction is the most common function and the resulting 
form is a 2D or 3D image of the subject being scanned. 
Spectroscopy processing can also be de?ned by these com 
ponents, in Which case the form that results is an image of 
the spectra of the acquired NMR signals. 

[0075] The data store description contains components 
that de?ne the images Which are stored in the database 
during a scan. In addition to the reconstructed images, this 
may include patient information and scan parameter infor 
mation Which is to appear annotated on the image along With 
the patient anatomic or spectrographic information. 

[0076] As indicated above, the application development 
system is implemented on a Workstation having a memory, 
a display, an input device such as a keyboard and mouse and 
a processor programmed to perform the functions noW to be 
described. Referring particularly to FIGS. 3 and 4, the 
programs and data Which form the softWare architecture of 
the application development system includes a visual com 
ponent assembler 60 Which produces a WindoW display 62 to 
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the user that contains three areas: a frameWork area 64; a 
Workspace area 66; and a properties area 68. The application 
program is developed by selecting components from the 
component library 72 Which are displayed in the frameWork 
area 64 and dragging them into the Workspace area 66. Such 
selected components are stored in Workspace storage 67. 
The properties of a selected component in the Workspace 
area 66 are displayed in the properties area 66, and these 
properties can be changed using an property editor 70. 

[0077] The components displayed in the frameWork area 
64 are JavaTM classes, or objects stored in a component 
library 72. These components are typically developed using 
a commercially available integrated development environ 
ment 74 such as that sold under the trademark “Forte for 
Java” by Sun Microsystems or “JBuilder” sold by Inprise. 
The components are Written in JavaTM source code and 
compiled into binary instructions called byte code. These 
byte code components are saved to the appropriate packages 
in the component library 72. It can be appreciated that many 
Java components are commercially available and these can 
be used along With custom Written Java components to 
create more complex components speci?cally applicable to 
performing the MRI functions described above. The objec 
tive is to create and store enough components in the com 
ponent library 72 such that a user can build any desired 
application by selecting existing components. In such case, 
the user does not need to Write any softWare code to 
implement neW applications, but is simply requested to 
select and aggregate the desired functionality. 

[0078] Referring particularly to FIGS. 3, 4 and 6, as 
components are dragged into the Workspace 66 from the 
frameWork area 64, the visual component assembler 60 
establishes the hierarchical relationship betWeen the com 
ponents. These relationships are illustrated in one preferred 
manner in FIG. 4 by the indentation of containee component 
icons beneath their related container component icon. An 
alternative embodiment of the display of this hierarchical 
relationship of components in the Workspace 66 is shoWn in 
FIG. 6. In this embodiment, arroWs point from each super 
class component icon to its related subclass component 
icons. It can be appreciated that the display of a complete 
application requires more display area than it available and 
that scroll bars may be used to display different portions of 
the application in the Workspace 66. 

[0079] To build an application, the user ?rst loads the 
frameWork area 64 With the library of components. The 
components are displayed and an application container 
component 76 is selected. When this component 76 is 
dragged to the Workspace 66, components for all of its 
children are also identi?ed. This initiates the building of an 
application, but the user must knoW What further compo 
nents are required to complete the build. To assist in this 
effort any component in the Workspace 66 can be selected 
With a right click of the mouse and a description of the 
function performed by that component is displayed in the 
format knoWn as J avodocTM. 

[0080] Each component in the Workspace 66 has proper 
ties, Which include numeric variables, Boolean variables and 
other class type or named variables. The visual component 
assembler enables the user to display these properties in the 
properties area 68 by left clicking on a selected component. 
If the user then left clicks to select one of the displayed 
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properties in the properties area 66, the property editor tool 
70 is employed to enable the user to make the change. It is 
contemplated that most of the neW applications created in 
clinical settings Will be limited to changing the properties in 
components of eXisting applications. In other Words, eXist 
ing applications are dragged from the framework area 64; 
the properties in selected components therein are edited; and 
the result is saved back to the component library 72 as a neW 
application. 

[0081] When the application is completed the selected 
components assembled in the Workspace area 66 are then 
persisted. This is currently accomplished by storing the 
application using the above described serialiZation mecha 
nism, hoWever, other persistence mechanisms are knoWn 
and may be used. The persistence mechanism stores the 
hierarchical relationship (“graph”) betWeen the selected 
components as Well as the instance variable (property) 
values. The byte code for each component in the application 
is not stored With the persisted application. The medical 
imaging system Which employs the application must itself 
store the byte code for all the components used in applica 
tions. When the persisted application is restored, or “dese 
rialiZed”, on the MRI system, it directs the loading of the 
byte code indicated by the persisted object graph and 
instance variable. 

[0082] Because many of the components in MRI applica 
tions relate to the production of pulses and pulse sequences, 
another feature of the present invention is the display of 
Waveforms or other data produced by a component. Refer 
ring particularly to FIGS. 3, 7 and 8, all components, may 
include a property called a “visible.” In the case of a pulse 
Waveform component, When the visible property is sWitched 
to “true”, a Waveform plotter 78 is enabled and a pulse 
sequence plotter WindoW 80 is produced and displayed. This 
WindoW 80 displays the Waveforms 82 and 84 Which are 
produced by this instance of the component. If a property is 
changed using the editor 70, the displayed Waveforms may 
also change. This is illustrated in FIG. 8 When the property 
“pulse type” is about to be changed. 

[0083] When the application is complete, the application 
container object is serialiZed and saved to storage. As 
indicated above, this serialiZed form of the application 
program may be restarted in another virtual J avaTM machine 
such as the MRI system described above and reconstituted 
into an object-oriented application program ready for eXecu 
tion. 

[0084] One advantage of the serialiZed con?guration of 
the stored application program is that it can ef?ciently be 
doWnloaded to clinical MRI systems from remote sites. This 
may be done through direct serial connection using a private 
Intranet or a public telephone system, or it may be done 
through the Internet public system. In any case, the transfer 
of the application program is a serialiZed object stream 
Which carries the class name of each object, or component, 
as Well as that component’s instance data Which is described 
by attribute name, type, and value. Also transferred is the 
relationships betWeen components Which alloWs a graph of 
the components in the application program to be collected in 
the serial stream received at the MRI system and then 
recreated, or reconstituted, on the MRI system. The serial 
iZation mechanism folloWs all relationships betWeen objects. 
Each object, or component in the graph is only serialiZed 
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once. Should a component be referenced more than one 
time, the serialiZation process recogniZes the repeat and 
inserts a reference to the previous occurrence in the graph. 
This prevents duplication of objects and reduces the mag 
nitude of the doWnload task. 

[0085] The serialiZation process also eliminates the need 
for doWnloading byte code. This presumes that any MRI 
system that receives a doWnloaded application program has 
a library Which stores the byte code for all components 
contained in the application program. Updates to clinical 
systems may, therefore, include both the doWnloading of 
neW applications as Well as the doWnloading of any neces 
sary neW components for the MRI system library. 

[0086] Of course, the serialiZation process also enables 
applications to be uploaded from clinical MRI systems. This 
enables applications and/or components developed at clini 
cal research systems to be uploaded to the MRI system 
manufacturer for revieW and analysis. 

[0087] The application development system can also be 
operated in a simulation mode to try out the application 
program before an actual scan is performed on the MRI 
system hardWare. This simulation capability is facilitated by 
the fact that the application program Will run on any J avaTM 
virtual machine With a suitable component library. It is also 
facilitated by the fact that the user interface is a component 
of the application, such that the simulation uses the same 
interface and displays the same information as When running 
on an MRI system. Simulation environment is a mode of 
operation of the application development system Which 
alloWs a developer to test and debug his/her application in a 
near-scanner like environment. The Java application loaded 
in the component assembler collection can be ?rst saved and 
then simulation may be started. During simulation, the 
servers are in “simulation mode” and thus certain hardWare 
interfaces are emulated or non-functional. Typically raW 
data is injected into the server imaging chain to be processed 
as it Would if received by the transceiver. 

[0088] During application simulation, the developer Will 
have the opportunity to do certain levels of message tracing 
and component debug. The developer is provided With 
several levels of component message tracing, Which can be 
set dynamically during application simulation. The devel 
oper may also invoke several levels of debug. During 
component and application development, the developer can 
set a “debug=TRUE” property in each component in order 
to access custom debug behavior for that component. Or, 
there may be several levels of debug for a property, With “0” 
being none or “debug off”. For eXample, the sequencing 
component of the sequence description may provide for 
single stepping of the slice and phase encoding looping. Any 
custom user interfaces required for a given component are 
provided by that component in debug mode. 

[0089] There may also be one or more simulation user 
interfaces Which can be accessed during simulation to pro 
vide access to more global operations, such as observing the 
internal behavior of a speci?c server, inter-server tag com 
munications or perhaps observing detailed behavior of a 
speci?c server, including tags and agent behavior. 

1. An application development system for a medical 
imaging system, Which comprises: 
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a component library for storing components Written in an 
object-oriented programming language, each compo 
nent containing executable code and data related to 
controlling operation of a medical imaging system; and 

a visual component assembler for displaying in a frame 
Work area components in the component library and 
enabling a user to select components in the framework 
area and assemble them in a Workspace area, and the 
visual component assembler being operable to persist 
components in the Work area to form an application 
program that de?nes an operation of the medical imag 
ing system. 

2. The system of claim 1 in Which the visual component 
assembler also displays a properties area and enables a user 
to select a component in the framework area and display a 
set of properties associated With the selected component in 
the properties area. 

3. The system of claim 1 in Which the persistence is 
performed by serialiZing components in the frameWork area. 

4. The system of claim 3 in Which the serialiZing includes 
storing a hierarchical relationship betWeen application com 
ponents and storing their properties. 

5. The system of claim 2 Which includes a property editor 
Which enables a user to change the properties displayed in 
the properties area. 

6. The system of claim 5 in Which one of the properties 
displayed in the properties area invokes a visual represen 
tation of the component, and the system includes means for 
displaying the visual representation. 

7. The system of claim 6 in Which the visual representa 
tion is a Waveform and the means is a Waveform plotter. 

8. The system of claim 7 Which includes a display having 
a screen on Which the frameWork area, the Workspace area 
and the properties area are displayed. 

9. The system of claim 8 in Which the Waveform plotter 
produces a WindoW on the display screen in Which the 
Waveform appears. 

10. The system of claim 7 in Which the property editor is 
operable to change the visual representation automatically 
When another property is changed. 

11. The system of claim 1 in Which the object-oriented 
programming language is J avaTM. 

12. The system of claim 3 in Which the means for 
persisting employs a J avaTM object serialiZation mechanism. 

13. A system for producing an application program for a 
magnetic resonance (MR) imaging system, Which com 
prises: 

a memory for storing a library comprising components 
Written in an object-oriented programming language, 
each component containing eXecutable code and data 
related to controlling operation of a medical imaging 
system; 

a Workstation having a display, an input device and a 
processor programmed to perform application devel 
opment functions, the application development pro 
gram including: 

a visual component assembler for displaying in a frame 
Work area on the display icons representing compo 
nents in the component library and responsive to direc 
tions from a user entered through the input device to 
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select components and assemble icons representative of 
the selected components in a Workspace area displayed 
on the display; and 

persisting the selected components to form an application 
program hat establishes particulars of an MR scan. 

14. The system of claim 13 in Which the persistence is 
performed using a serialiZation mechanism Which stores the 
application program. 

15. The system of claim 13 in Which the visual component 
assembler also displays a properties area on the display and 
it enables a user to select a component and display properties 
associated With the selected component in the properties 
area. 

16. The system of claim 15 in Which the application 
development program also includes a property editor Which 
enables a user to input data through the input device to 
change property values displayed in the properties area. 

17. The system of claim 16 in Which one of the properties 
displayed in the properties area is a visual representation of 
the component and the application development program 
also includes a Waveform plotter for displaying the visual 
representation. 

18. The system of claim 17 in Which the Waveform plotter 
produces a WindoW on the display in Which the visual 
representation is produced. 

19. The system of claim 17 in Which the property editor 
is operable to change the visual representation automatically 
When another property is changed. 

20. A magnetic resonance imaging system comprising: 

a magnetic assembly including a polariZing magnet, a 
gradient coil, assembly and an RF coil; 

a pulse sequence server coupled to the RF coil and the 
gradient coil assembly to drive the gradient coils and to 
the RF coil to perform a magnetic resonance imaging 
scan; and 

a Workstation coupled to the pulse sequence server for 
doWnloading program elements to the pulse sequence 
server to drive the RF coil and the gradient coil 
assembly, the Workstation including an object oriented 
graphical application development system for graphi 
cally developing a pulse description and a sequence 
description to de?ne and control a Waveform of control 
pulses provided on each of the gradient coils and the RF 
coil, the object oriented graphical application develop 
ment system including a component library storing 
graphical object oriented components and a visual 
assembler for visually assembling the object oriented 
components to form the pulse sequence, and the pulse 
sequence server including a program for converting the 
pulse description and the sequence description devel 
oped by the object oriented graphical application devel 
opment system to hardWare dependent programs. 

21. The magnetic resonance imaging system of claim 20, 
Wherein the pulse description is at least one of a 2D spin 
echo, a 2D gradient-echo, a 2D fast spin-echo, and a 3D 
gradient-echo sequence. 

22. The magnetic resonance imaging system of claim 20, 
Wherein the sequence description de?nes and acquisition 
order to de?ne at least one a slice and a k-space sampling 
order. 

23. The magnetic resonance imaging system of claim 20, 
Wherein the sequence description de?nes at least one of a 2D 
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sequential, a 2D interleaved, a 3D sequential, a 3D elliptical 
centric, and a rnulti-slice CINE acquisition order. 

24. The magnetic resonance imaging system of claim 20, 
Wherein the Workstation further provides an acquisition 
description, a data processing description, and a data store 
description. 

25. The magnetic resonance imaging system of claim 20, 
Wherein the Workstation further comprises a waveform 
plotter for graphically displaying a pulse sequence. 

26. The magnetic resonance imaging system of claim 20, 
Wherein the pulse description and the sequence description 
are provided in an application controller doWnloadable to 
the pulse sequence server. 
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27. The magnetic resonance imaging system of claim 24, 
Wherein the acquisition description includes a set of corn 
ponents for prescribing the real-time processing NMR sig 
nals. 

28. The magnetic resonance imaging system of claim 20, 
Wherein the object oriented graphical application develop 
rnent system is a JAVA-based system, and the hardWare 
dependent programs are C-based programs. 

29. The magnetic resonance imaging system of claim 28, 
Wherein the C-based program is a C++ prograrn. 


