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(57) ABSTRACT 

Methods and systems provide simulation or medical diag 
nostic imaging With a graphics processing unit. Data to be 
processed by a graphics processing unit is transferred from 
a source to the graphics processing unit Without copying by 
the central processing unit. For example, the central pro 
cessing unit does not copy data to the cache. Instead, the 
source of data transfers the data directly to the graphics 
processing unit or directly to a graphics aperture region of a 
memory for transfer to the video memory of the GPU. The 
GPU is then used to generate a two-dimensional or three 
dimensional image. The GPU is used to perform a medical 
imaging process, such as an ultrasound imaging process. 
The processed data is transferred to a different processor. 
Since the GPU provides various parallel processors, the 
GPU may more efficiently perform image processes differ 
ent from rendering a two-dimensional or three-dimensional 
image. 
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GRAPHICS PROCESSING UNIT FOR 
SIMULATION OR MEDICAL DIAGNOSTIC 

IMAGING 

BACKGROUND 

[0001] The present invention relates to a graphics process 
ing unit. Loading and processing data With the graphics 
processing unit (GPU) is controlled. 

[0002] GPUs are provided as videocards on personal com 
puters. Using the AGP speci?cation, a central processing 
unit (CPU) coordinates the transfer of data from a random 
access memory to the GPU for video rendering. A memory 
control hub is connected by various buses to each of a 
source, a RAM, the CPU and the GPU. For example, an AGP 
chip set is used as a memory control hub. The memory 
control hub controls the data transfers betWeen any of the 
various interconnected devices. The data is obtained from 
the source, such as a CD, diskette, or hard drive. The data 
from the source is routed to a random access memory 

(RAM). The CPU then copies the data from the random 
access memory into the CPU cache memory. For use of the 
GPU, the CPU copies the data to a graphics aperture region 
of the RAM controlled pursuant to a graphics aperture 
resource table (GART). Prior to copying the data to the 
graphics aperture region, the CPU may also reformat the 
data. This is because the GPU expects the data to be in a 
particular format in order to deliver maXimum throughput. 
The data from the graphics aperture region is then trans 
ferred through an accelerated graphics port (AGP) to the 
video memory of the GPU. The GPU then performs various 
rendering or video processing and outputs a resulting image 
to a display. Pursuant to an application programming inter 
face (API), the CPU controls operation of the GPU. 

[0003] Since the CPU copies the data from the RAM to the 
graphics aperture region of the RAM, the data is copied 
multiple times. Any loading on the CPU for other processing 
may delay the transfer of data to the GPU. Since the CPU 
operations may be interrupted, the transfer of data to the 
GPU is inconsistent or non-deterministic. 

[0004] The AGP hardWare discussed above may be used in 
a medical diagnostic ultrasound system, such as disclosed in 
US. Pat. No. 6,358,204, the disclosure of Which is incor 
porated herein by reference. The memory control hub con 
nects a CPU to a memory. The tWo other ports of the 
memory control hub are connected to tWo different buses, 
one a system bus and another an ultrasound data bus. The 
ultrasound data bus connects to a source of ultrasound data 
as Well as outputs of ultrasound data, such a scan converter 
connected With the display. 

BRIEF SUMMARY 

[0005] By Way of introduction, the preferred embodiments 
described beloW include methods and systems for simulation 
or medical diagnostic imaging With a graphics processing 
unit. In one embodiment, data to be processed by a graphics 
processing unit is transferred from a source to the graphics 
processing unit Without copying by the central processing 
unit. For eXample, the central processing unit does not copy 
data to the cache. Instead, the source of data transfers the 
data directly to the graphics processing unit or directly to a 
graphics aperture region of a memory for transfer to the 
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video memory of the GPU. The GPU is then used to generate 
a tWo-dimensional or three-dimensional image. 

[0006] In another embodiment, the GPU is used to per 
form a medical imaging process, such as an ultrasound 
imaging process. The processed data is transferred to a 
different processor. Since the GPU provides various parallel 
processors, the GPU may more ef?ciently perform data 
processing different from rendering a tWo-dimensional or 
three-dimensional image. 

[0007] In a ?rst aspect, a graphics processing unit system 
is provided for diagnostic medical ultrasound imaging. A 
graphics processing unit has an input and at least one output. 
The graphics processing unit is operable to process ultra 
sound data from the input. A processor connects With the 
output of the graphics processing unit. The processor is 
operable to process ultrasound data output on the output of 
the graphics processing unit. 

[0008] In a second aspect, a method for diagnostic medical 
ultrasound imaging With a graphics processing unit is pro 
vided. Ultrasound data is processed With the graphics pro 
cessing unit. Ultrasound data output from the graphics 
processing unit is then further processed With a different 
processor prior to generating a display responsive to the 
ultrasound data. A display responsive to the ultrasound data 
is then generated. 

[0009] In a third aspect, an improvement in a method for 
loading a video memory of a graphics processing unit is 
provided. A central processing unit interacts With a memory, 
such as a RAM memory, and the graphics processing unit. 
In the improvement, data is loaded into the video memory 
Without storing the data in a cache of the central processing 
unit. 

[0010] In a fourth aspect, a system for loading a video 
memory of a graphics processing unit is provided. Acentral 
processing unit connects With the graphics processing unit. 
The central processing unit is operable to run an application 
programming interface of the graphics processing unit. A 
source of data connects With the graphics processing unit. 
The data is transferable from the source to the video memory 
Without copying of the data by the central processing unit. 

[0011] The present invention is de?ned by the claims, and 
nothing in this section should be taken as a limitation on 
those claims. Further aspects and advantages of the inven 
tion are discussed beloW in conjunction With the preferred 
embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The components and the ?gures are not necessarily 
to scale, emphasis instead being placed upon illustrating the 
principles of the invention. Moreover, in the ?gures, like 
reference numerals designate corresponding parts through 
out the different vieWs. 

[0013] FIG. 1 is a block diagram of one embodiment of a 
system for loading a video memory of a graphics processing 
unit; 
[0014] FIG. 2 is a How chart diagram of one embodiment 
of a method for loading a video memory of a graphics 
processing unit; 
[0015] FIG. 3 is a block diagram of one embodiment of a 
graphics processing unit and interconnected processor; and 
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[0016] FIG. 4 is a How chart diagram of one embodiment 
of a method for processing in diagnostic medical ultrasound 
data With a graphics processing unit. 

DETAILED DESCRIPTION OF THE DRAWINGS 
AND PRESENTLY PREFERRED 

EMBODIMENTS 

[0017] In one aspect, the routing of data for loading into 
a video memory of a GPU is controlled. In another aspect, 
the GPU performs image processing different than tWo- or 
three-dimensional rendering of an image. In another aspect, 
the GPU performs general mathematical computations. In 
yet another aspect, the GPU performs tWo or three-dimen 
sional renderings of an image. In another aspect, a combi 
nation of the tWo aspects discussed above is provided. The 
different aspects may be used independently or separately in 
other embodiments. Immediately beloW, embodiments 
directed to loading data into the video memory are provided. 
Subsequently, embodiments directed to performing different 
processes With the GPU are provided. 

[0018] FIG. 1 shoWs one embodiment of a system 10 for 
loading a video memory 12 of a GPU 14. Amemory control 
hub 16 interconnects the GPU 14 With the CPU 18, a 
memory 20 and a source of data 22. Additional, different or 
feWer components may be provided. For eXample, the GPU 
14 connects to the source 22 Without one or more of the 

memory control hub 16, the CPU 18 and the memory 20. As 
another example, an additional component connects to the 
memory control hub 16. The system 10 is a system con?g 
ured pursuant to the AGP speci?cation, but may be con?g 
ured pursuant to different speci?cations, such as PCI, PCI-X, 
PCI EXpress, or arrangements With or Without any of the 
various components. In one embodiment, the system 10 is a 
personal computer for generating graphical images, such as 
simulations. The system 10 may also be used as a Work 
station for generating graphical images from data represent 
ing an object, such as a scanned picture. In yet another 
embodiment, the system 10 is a medical imaging system, 
such as an X-ray, MRI, computer tomography, diagnostic 
ultrasound or other noW knoWn or later developed medical 
imaging system. 

[0019] The GPU 14 is a processor, circuit, application 
speci?c integrated circuit, digital signal processor, video 
card, combinations thereof or other noW knoWn or later 
developed device for graphics processing. In one embodi 
ment, the GPU 14 is a graphics processor or video card 
provided by nVIDIA, ATI or MatroX. These or other devices 
using an API of OpenGL, DirectX or other noW knoWn or 
later developed APIs may be used. In one embodiment, the 
GPU 14 includes one or more verteX processors, such as 16 

vertex processors, and one or more fragment processors, 
such as 64 fragment processing units. Other analog or digital 
devices may also be included, such as rasteriZation and 
interpolation circuits. One or more frame buffers may be 
provided for outputting data to a display. The GPU 14 
receives data in one or more formats and generates 2 or 3 
dimensional images based on the data, such as by perform 
ing teXture mapping or other 2 or 3 dimensional rendering. 
For eXample, the data received represents various objects 
With associated spatial relationships. The GPU 14 is oper 
able to determine the relative positioning of the data and 
generate fragments representing data visible from a particu 
lar vieWing direction. GPU 14 is operable to decompress 
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data, so that the bandWidth of data transferred to the GPU 14 
is maXimiZed through compression. Alternatively, uncom 
pressed data is transferred to the GPU 14. 

[0020] The GPU 14 includes the video memory 12. In one 
embodiment, the video memory 12 is a random access 
memory, but other noW knoWn or later developed memories 
may be used. The video memory 12 stores any of various 
amounts of information, such as 64, 128, 256 or other 
number of kilobytes. The GPU 14 accesses information from 
the video memory 12 for graphics processing. Graphics 
processing is performed pursuant to the API run by the CPU 
18. 

[0021] The CPU 18 is a general processor, application 
speci?c integrated circuit, dedicated processor, digital signal 
processor, digital circuit, analog circuit, combinations 
thereof or other noW knoW or later developed processing 
device. In one embodiment, the central processing unit 18 is 
a processor operable to control a system pursuant to the AGP 
speci?cation. In alternative embodiments, processors oper 
ating pursuant to the same or different speci?cations may be 
provided. In one embodiment, the CPU 18 is con?gured in 
a parallel processing arrangement, such as including tWo or 
more processors for controlling or processing data. Any 
various or noW knoWn or later developed processors may be 
used. The CPU 18 connects With the GPU 14 for running an 
application programming interface of the GPU 14. The CPU 
18 provides instructions pursuant to the API for controlling 
the graphics rendering. The CPU 18 implements a driver for 
the GPU 14 operable to accept pre-formatted data Without 
processing by the CPU 18. The CPU 18 also controls the 
memory control hub 16 and associated memory 20. In one 
embodiment, the CPU 18 controls or processes data from the 
source 22. Alternatively, the source 22 operates indepen 
dently of the CPU 18. 

[0022] The memory 20 is a random access memory, such 
as arranged in one, tWo or more different chips or chip sets. 
Other noW knoWn or later developed memories may be used. 
The memory 20 is connected With the CPU 18, such as 
through the memory control hub 16 for alloWing the CPU 18 
access to the memory 20. The memory 20 is controlled by 
the CPU 18. In one embodiment, the memory 20 has a 
common address scheme accessible by the memory control 
hub 16 or the CPU 18. Asection or group of addresses of the 
memory 20 is assigned as a graphics aperture region. The 
addresses associated With the graphics aperture region iden 
tify addresses for data to be transferred to the video memory 
12. The graphics aperture region is generally not accessible 
for uses other than transfer of data to the GPU 14. In one 
embodiment, the siZe of the graphics aperture region 
matches the siZe of the video memory 12. In alternative 
embodiments, the graphics aperture region is accessible for 
other uses or may be a different siZe than the video memory 
12. The GPU 14, the memory control hub 16 or the CPU 18 
causes data stored in the graphics aperture region to be 
transferred or copied to the video memory 12. In one 
embodiment, the graphics aperture region and common 
address scheme are con?gured as part of a contiguous 
memory controlled by a Graphics Address Re-mapping 
Table (GART) for controlling access to the memory 20. 

[0023] In one embodiment, the graphics aperture region is 
operable to slide or change memory addresses in an address 
loop. The addresses of the graphics aperture region slide 
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Within the memory 20 such that the start and end memory 
locations of the graphics aperture region can be incremented 
or decremented Within the region. When the upper or loWer 
ends of the graphics aperture region are reached, the address 
is shifted to the opposing loWer or upper end respectively in 
a circular fashion. As a result, a memory loop of graphics 
data is provided Within the graphics aperture region. In 
alternative embodiments, the memory 20 is divided up into 
separately accessible sections or includes multiple devices 
that are separately controlled and accessed. 

[0024] The source 22 is a database, memory, sensor, CD, 
disk drive, hard drive, tape, tape reader, modem, computer 
netWork, or other noW knoWn or later developed source of 
graphics data. In one embodiment, the source 22 is a 
program or softWare operated by the CPU 18 to generate a 
graphics simulation. In another embodiment, the source of 
data 22 is a medical sensor, such as an x-ray, MRI, computer 
tomography or medical diagnostic ultrasound scanner. 
Medical diagnostic imaging data is provided by the source 
22. For example, the source 22 is an ultrasound beamformer 
operable to receive acoustic echoes representing a patient. 
Ultrasound data includes in-phase and quadrature data from 
a beamformer and Spectral Doppler data. The ultrasound 
beamformer generates one or more data samples represent 
ing different spatial locations along a plurality of beams of 
a scan of a patient. Frames of data representing each tWo- or 
three-dimensional region are then output. The ultrasound 
data is detected using any of various detectors, such as 
B-mode, Doppler, harmonic, contrast agent or other noW 
knoWn or later developed detectors. In one embodiment, the 
ultrasound beamformer provides the data prior to beamform 
ing, ultrasound data prior to detection, or ultrasound data 
after detection. The source of data 22 is connected With the 
GPU 14 either directly or through one or more devices as 
shoWn in FIG. 1. 

[0025] In one embodiment, the source 22 includes a pro 
cessor, a buffer, or formatter for con?guring the data. For 
example, a buffer and processor are used With an ultrasound 
beamformer for GPU-speci?c formatting of texture data 
acquired in a polar coordinate format into three-dimensional 
texture rendering by the GPU 14. In one embodiment, the 
GPU 14 uses a format for three-dimensional texturing to 
optimiZe memory access speeds. The data is arranged in an 
order to provide a GPU-speci?c format for data transfer. In 
alternative embodiments, the GPU 14 includes a buffer, 
processor or formatter for GPU-speci?c formatting of the 
data. For 3D texture or other data, different formats, may be 
used for the data provided from the source 22 or for the data 
used by the GPU 14. 

[0026] In one embodiment, the source 22 is operable to 
provide data representing a three-dimensional volume. For 
example, an ultrasound medical sensor and associated beam 
former are operable to scan a patient in a three-dimensional 
or volume region. The scan is performed using a mechani 
cally-moved or multi-dimensional transducer array to scan a 
volume by ?ring a plurality of ultrasound lines. Ultrasound 
data is then provided in sets of data representing a three 
dimensional volume. More than one set may represent the 
same volume at a same time, such as providing a Doppler set 
and a B-mode set of data. For four-dimensional imaging, a 
plurality of sets representing the volume at different times is 
provided. As another example, tWo sets of data, processed 
differently, are used. Processing includes ?ltering. Spatial, 
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frequency or other ?ltering may be provided for processing 
the data. One processed set of data is used for three 
dimensional volume rendering. The other processed set of 
data is used for generating tWo-dimensional representations 
or slices of the volume. In one embodiment using a graphics 
aperture region for four-dimensional volume rendering, one 
processed set of data is overWritten as each set is acquired 
to conserve memory space. The other processed set of data 
is maintained throughout a time period for later processing, 
three-dimensional rendering or tWo-dimensional imaging. 
Alternatively, both processed data sets are stored represent 
ing volumes at multiple times. In one embodiment, sets of 
data are maintained until the extent of the graphics aperture 
region has been used. The addresses are then looped back to 
data representing the earliest set, and the more recently 
acquired data is overWritten in a CINE loop fashion. 

[0027] The memory control hub 16 is a processor, a bus, 
an application speci?c integrated circuit, an AGP chip set, an 
AGP controller, combination thereof or other noW knoWn or 
later developed device for interfacing betWeen tWo or more 
of the GPU 14, CPU 18, memory 20 and the source 22. In 
one embodiment, a single device is provided for the inter 
face, such as a single circuit or chip, but multiple devices 
may be provided in any of various possible architectures for 
transferring data betWeen any tWo or more of the devices 
connected With the memory control hub 16. In yet alterna 
tive embodiments, the various devices directly connect 
through a single data bus or With each other Without the 
memory control hub 16. Memory control hub 16 connects 
With the GPU 14 With an accelerated graphics bus, connects 
With the CPU 18 With a host or front side bus, connects With 
the memory 20 With a memory bus, and connects With the 
source 22 With a PCI-X or PCI acquisition bus. Different 
buses or signal lines may be used for any of the various 
connections discussed above, including noW knoWn or later 
developed connections. 

[0028] Rather than routing the data from the source 22 to 
the memory 20, then through the CPU 18 to the graphics 
aperture region of the memory 20, and ?nally from the 
graphics aperture region to the video memory 12, the data is 
routed from the source 22 to the graphics aperture region or 
to the video memory 12 Without copying or loading of the 
data by the CPU 18. The data from the source 22 is routed 
using a driver, softWare or other control implemented by the 
memory control hub 16, the CPU 18, the GPU 14 or another 
device. The data from the source 22 is operable to route to 
the video memory 12 through the memory control hub 16 
Without passing to the CPU 18. For example, the data for 
processing by the GPU 14 is not stored in the cache memory 
of the CPU 18. 

[0029] In one embodiment, the data from the source 22 is 
operable to be routed to the video memory 12 from the 
source 22 through the graphics aperture region of the 
memory 20 Without passing to the CPU 18. The data is 
Written to the memory 20 directly into the graphics aperture 
region for transfer or copying to the video memory 12 by the 
memory control hub 16. In another embodiment, the data is 
operable to be routed to the video memory 12 from the 
source 22 Without passing to the CPU 18 or the associated 
memory 20. The memory 20, including the graphics aperture 
region, is avoided by directly routing the data from the 
source 22 to the video memory 12. 
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[0030] FIG. 2 shows a method for loading a video 
memory of a graphics processing unit using the system 10 of 
FIG. 1 or another system. The CPU interacts With a memory 
separate from the GPU. An improvement is provided by 
loading data into the video memory Without storing the data 
in a cache of the CPU in act 24. As represented by the 
disconnect betWeen acts 24 and acts 26, the CPU does not 
load the data from the source for the GPU into the cache of 
the CPU. The data is provided to the GPU 14 Without 
copying by the CPU, such as Without copying from one 
location of the memory 20 to a graphics aperture region of 
the memory. 

[0031] In response to user selections or otherWise con?g 
uring the system, the CPU begins an application program 
using the GPU. For example, a user selects three-dimen 
sional or four-dimensional imaging. The CPU then instructs 
the GPU to become the bus-master and doWnload data from 
the graphics aperture region or the source. The video 
memory is loaded Without processing the data by the CPU 
during the transfer. The data is transferred Without GPU 
speci?c formatting (e.g., sWiZZling) or copying by the CPU. 
The CPU performs control aspects of the data transfer by 
signaling the GPU and/or other devices. 

[0032] In act 28, the data is transferred to a graphics 
aperture region of the memory associated With the CPU, 
such as a RAM. For example, ultrasound data is Written from 
a beamformer or other medical sensor into the graphics 
aperture region of the memory of FIG. 1. The source Writes 
the data directly into the graphics aperture region. In one 
embodiment, the data is formatted for use by the GPU and 
output from the source. As a result, the GPU-speci?c for 
matting by the CPU for three-dimensional texture data is 
avoided. The source performs any GPU-speci?c formatting. 
Alternatively, the data is provided to the graphics aperture 
region Without a particular format for the GPU. In this 
example, the GPU-speci?c formatting is performed by the 
GPU after transfer to the GPU. 

[0033] The data Written into the graphics aperture region 
is transferred to the video memory Without processing or 
copying of the data by the CPU. For example, the GPU 
acquires control of the bus or a portion of the bus connected 
With the memory having the graphics aperture region (i.e., 
GPU bus-masters.). The GPU then doWnloads the data from 
the graphics aperture region into the video memory. Alter 
natively, the CPU, the memory control hub, the source or 
another device controls one or more buses to cause the 

transfer of the data to the graphics aperture region. While the 
CPU is operable to run an application programming inter 
face for controlling the GPU, the CPU operates free of 
copying data betWeen different locations of the memory for 
transfer to the video memory. 

[0034] In one embodiment, the source Writes the data to 
the graphics aperture region Where the graphics aperture 
region slides by using an address loop as discussed above. 
All or a portion of the graphics aperture region uses the 
looping address structure to alloW one type of data or all of 
the data to be con?gured in a loop fashion for representing 
a volume or area at different times. 

[0035] As an alternative to act 28, the source Writes the 
data to the video memory in act 30, such as transferring the 
data to the video memory Without storing the data in a 
graphics aperture region. Based on control signals from the 
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CPU or other device, the GPU controls the transfer or 
otherWise acquires the data from the source. Alternatively, 
the source, the memory control hub, or the CPU controls one 
or more buses for causing the data to be Written to the video 
memory. 

[0036] In alternative embodiments, some data output by 
the source is directed to the video memory Without transfer 
to the graphics aperture region While other data is transferred 
to the video memory through the graphics aperture region. 
In yet other alternative embodiments, a subset of data may 
be copied by the CPU, stored in the cache of the CPU or 
otherWise processed by the CPU as part of the transfer to the 
video memory. CINE-buffering or otherWise providing stor 
age of different representations of the same volume at 
different times is provided in the video memory or as a 
function of the timing of the output of data from the source. 

[0037] In either of the embodiments of acts 28 or 30, the 
data is formatted for the GPU Without processing by the 
CPU. Any of various formats may be provided. In one 
embodiment, the formatting includes compression of the 
data prior to the transfer to the video memory. After the 
transfer to the video memory, the data is decompressed With 
the GPU. Any of lossy or lossless compression schemes noW 
knoWn or later developed may be used, such as texture 
compression. 
[0038] By transferring data to the GPU Without copying 
by the CPU, the transfer speed betWeen the source and the 
GPU may be increased. Increased transfer speed may alloW 
for increased volume rendering rates from three-dimen 
sional or four-dimensional imaging. Any interrupts or other 
processing performed by the CPU may not delay the transfer 
of data to the GPU. WindoWs or other operating system 
latencies may have no or minimal affect on the volume 
rendering by the GPU. Increased volume rendering rates due 
to increased data transfer rates may alloW for four-dimen 
sional cardiology volume rendering. Overlapping pipeline 
sequences for transferring data or other operations to 
increase parallel transfers of data may also increase transfer 
rates. 

[0039] FIG. 3 shoWs a graphics processing unit system 32 
for diagnostic medical ultrasound imaging. The system 32 
includes a GPU 14 in the con?guration discussed above for 
FIG. 1, in a con?guration disclosed in any one of US. Pat. 
Nos. , and (application Ser. Nos. 10/644,363, 
and 10/388,128), the disclosures of Which are incorporated 
herein by reference, or other GPUs provided any Where in 
medical diagnostic ultrasound systems (e.g., a system With 
an ultrasound transducer or a Workstation for processing 
ultrasound data). 

[0040] The GPU 34 includes a programmable vertex pro 
cessor 36, a primitive assembly processor 38, a rasteriZation 
and interpolation processor 40, a programmable fragment 
processor 42 and a frame buffer 44. Additional, different or 
feWer components may be provided. Any of the processors 
of the GPU 34 are general processors, digital circuits, analog 
circuits, application speci?c integrated circuits, digital pro 
cessors, graphics accelerator card, display card or other 
devices noW knoWn or later developed. In one embodiment, 
the GPU 34 is implemented as a series of discreet devices on 
a mother board or as a daughter board, but may be imple 
mented as a single chip, a circuit on a card or other layout. 
The programmable vertex processor 36 is a group of 16 
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parallel processing units in one embodiment, but feWer or 
greater number of processors may be provided. The frag 
ment processor 42 is a parallel arrangement of 64 processing 
units in one embodiment, but more or feWer processing units 
may be provided. 

[0041] FIG. 3 shoWs the graphics processing pipeline 
standardiZed by APIs such as OpenGL and DirectX. The 
GPU 34 includes a programmable vertex processor 36, a 
primitive assembly 38, a rasteriZation and interpolation 
block 40, a programmable fragment processor 42 and a 
frame-buffer 44. The input to the vertex processor 36 is a set 
of vertices in tWo- or three-dimensional space. Each vertex 
has a set of attributes such as coordinates, color, texture 
coordinates, etc. The vertex processor 36 transforms the 
coordinates of the vertices into a frame of reference. The 
output of the vertex processor 36 is a set of vertices With neW 
attributes changed by the vertex processor 36. These vertices 
are fed into the next stage, the primitive assembly 38. Here, 
the vertices are grouped together to form points, lines and 
triangles. These primitives are then fed into the rasteriZation 
and interpolation stage 40. This stage rasteriZes each primi 
tive, such as points, lines and triangles, into a set of 
fragments. Afragment is a pixel With a depth associated With 
it and is located on a primitive. The fragments have 
attributes such as color, coordinates and texture coordinates, 
etc. The next stage, programmable fragment processor 42 
takes in these fragments, applies various processes on them, 
and creates pixels. The pixels have attributes, such as color, 
and are Written into the ?nal stage, the frame-buffer 44. 
Other noW knoWn or later developed structures and pro 
cesses may be used in the graphics pipeline for graphics 
rendering. The blocks shoWn in FIG. 3 are high level blocks. 
Each block contains many other ?ner processing stages. For 
example, the rasteriZation and interpolation stage 40 can 
contain such operations such as Scissor Test, Alpha Test, 
Stencil Test, Depth Test, etc. The frame buffer 44 is a 
memory, buffer or other device for receiving the pixels from 
the fragment processor 42 for display on the display 46. 

[0042] The GPU 34 is operable to receive graphics data 
and generate a display on the display 46 from the graphics 
data. The process is performed pursuant to an application 
programming interface, such as GDI, GDI+, DirectX, 
OpenGL, or other APIs noW knoW or later developed. 
Additionally or alternatively, the GPU 34 is used to process 
ultrasound data for other purposes than this immediate 
display. For example, in-phase and quadrature data, post 
detection data, log compressed data, scan converted or any 
other ultrasonic data is input to the GPU 34. Using the 
programmable vertex processor 36 and/or the fragment 
processor 42, the ultrasound data is processed. OpenGL, 
DirectX extensions or other programming languages, such 
as Cg shader language, program the GPU 34 to process 
ultrasound data. HLSL, Stanford’s high-level shader lan 
guage or other noW knoWn or later developed shader lan 
guages may also be used. Some resource intensive compu 
tations are performed by the GPU 34 rather than another 
processor, such as a CPU, DSP, ASIC or FPGA. Since the 
GPU 34 functions as a computational engine, one or more 
additional outputs are provided. For example, an output is 
provided doWnstream of the programmable vertex processor 
36 but upstream of the fragment processor 42. As an 
alternative or additional output, an output is provided after 
the fragment processor 42. Alternatively, the output from the 
frame buffer is used. 
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[0043] Either or both of the vertex processor 36 and 
fragment processor 42 are programmed to perform ultra 
sound data processing. For example, the vertex processor 36 
is programmed or operable to perform scan conversion 
operations. Using the vector or matrix type polar coordinate 
data, the vertex processor reformats each special location 
into a format appropriate for a display. As another example, 
the fragment processor 42 is operable to perform Fourier 
transforms or non-linear scan conversion operations. Scan 
converted ultrasound data output by the vertex processor 36 
is provided to the programmable fragment processor 42 for 
non-linear operations through interpolation or other frag 
ment processes. 

[0044] In one embodiment, the GPU 34 is operable to 
process ultrasound data and provide the processed data to a 
different image processor 48. The image processor 48 pro 
vides data for the display 46 or routes data back to the GPU 
34 for rendering to the display 46. 

[0045] The processor 48 is a general processor, applica 
tions speci?c integrated circuit, digital signal processor, 
image processor, FPGA, CPU, analog circuit, digital circuit, 
combinations thereof or other noW knoWn or later developed 
device for processing ultrasound data. The processor 48 is 
operable to process ultrasound data output by the GPU 34. 
For example, the processor 48 and GPU 34 are provided as 
part of an ultrasound data path beginning at a beamformer 
and ending at the display 46. The GPU 34 implements at 
least a part of one ultrasound process, such as receive 

beamformation, scan conversion, motion detection, other 
ultrasound process or combinations thereof. The processor 
48 implements at least part of a same or different ultrasound 
process, such as detection, motion tracking, beamforming, 
?ltering, scan conversion, other ultrasound process, or com 
binations thereof. The vertex processor 36 and the fragment 
processor 42 have independent instruction sets assembled by 
the shader language or other programming interface. Ultra 
sonic data sent to the GPU 34 is processed by the vertex 
processor and/or fragment processor 42 for implementing 
ultrasound imaging processes. 

[0046] Since the GPU 34 may be less likely to be inter 
rupted than a central processing unit or other processors, the 
GPU 34 may provide more consist or reliable image pro 
cessing. While a clock rate is loWer or higher, even loWer 
clock rates may provide faster image processing given the 
parallel processing provided the GPU 34. The GPU 34 is 
capable of carrying out a large number of ?oating point 
parallel computations. 

[0047] FIG. 4 shoWs a method for diagnostic medical 
ultrasound imaging With a graphics processing unit. In act 
56, a GPU processes ultrasound data. For example, at least 
a part of an ultrasound process of receive beamformation, 
scan conversion, motion detection or other ultrasound pro 
cesses are performed by the GPU. In one embodiment, the 
programmable vertex processor 36 and/or programmable 
fragment processor 42 are used to perform the ultrasound 
process. GPUs have optimiZed architectures for vector and 
matrix data types. Vector and matrix processes are used for 
ultrasonic data processing, such as receive beamformation, 
scan conversion, motion tracking or correlation processes. 

[0048] For example, receive beamformation is performed 
by combining data from a plurality of different channels, 
such as 128 channels over time. The GPU alters the relative 
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position along a temporal dimension of the data across the 
channels With the vertex processor, and Weights the data and 
combines the data associated With a particular location 
across the 128 or other number of channels With the frag 
ment processor. As another example for receive beamfor 
mation, a fast Fourier transform and an inverse Fourier 
transformed are used for receive beamformation. The vertex 
processor passes the ultrasound data to the fragment pro 
cessor. Fragment processor identi?es a fragment value, ?nds 
a neighbor, and combines the fragments With a Weight. 
Using feedback to the input of the programmable fragment 
processor 42 or the input of the GPU, an iterative process is 
implemented to provide the fast Fourier transform. The data 
is then exported for further receive beamformation process 
ing by the processor 48. Alternatively, the GPU 34 performs 
the further process. The GPU 34 is then used to apply an 
inverse fast Fourier transform. The inverse data represents 
beamformed data or plurality of samples representing dif 
ferent locations Within a patient. The Fourier and inverse 
Fourier transforms implemented by the GPU 34 are 
described in US. Pat. No. (Application Ser. No. 

) (Attorney reference no. 2001P20912US)), the dis 
closure Which is incorporated herein by reference. 

[0049] As another example, the vertex processor reformats 
data from a polar coordinate system unto a Cartesian coor 
dinate system. For example, a scan conversion is imple 
mented by assigning coordinates associated With current 
data as a function of the neW format. A linear interpolation 
by the rasteriZation and interpolation processor completes 
the scan conversion. For non-linear scan conversion pro 
cesses, the fragment processor 42 implements the non-linear 
function. 

[0050] As another example, motion tracking or motion 
detection using correlation or other processes is performed 
by the GPU 34. Any of the vertex processor or fragment 
processor may be used for implementing correlation func 
tions, such as cross correlation or minimum sum of absolute 
differences. Other ultrasound processes may be performed 
With the GPU 34. Depending on the component of the GPU 
34 implementing the process, any of the various outputs to 
the image processor 48 may be used. 

[0051] In act 58, the ultrasound data output from the GPU 
34 is processed With a different processor, the additional 
processing is performed prior to generating a display respon 
sive to the data input to the GPU 34. For example, the 
processor 48 implements ?ltering, detection, scan conver 
sion, beamformation, motion detection or another ultra 
sound process. The data output by the processor 48 is 
provided to the display 46 either through or Without passing 
through the GPU 34. For example, the GPU 34 processes 
data for a three dimensional representation using an ultra 
sound process. The data is then provided to the processor 48 
and/or additional devices for further ultrasound processing, 
such as ?ltering. The ultrasound data is then provided back 
to the GPU 34 for graphics processing and output to the 
display 46. 

[0052] In act 60, the ultrasound data is output to the 
display. The display is responsive to the ultrasound data 
processed one or more times by the GPU 34 and another or 
different processor. The GPU has multiple programmable 
processors While being relatively cheap. The large parallel 
processing capability is less susceptible to interrupts than 
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processors operating pursuant to an operating system. Using 
high-level languages, the GPU is programmed to perform an 
ultrasound process. 

[0053] While the invention has been described above by 
reference to various embodiments, it should be understood 
that any changes and modi?cations can be made Without 
departing from the scope of the invention. For example, the 
GPU implements only graphics processing or may imple 
ment the ultrasound processing as Well as graphics process 
ing. As another example, the GPU for implementing ultra 
sound processing is provided in a system different than 
described above for FIG. 1. Similarly, the system described 
for FIG. 1 uses the GPU for graphics processing or other 
volume rendering of ultrasound or non-ultrasound data 
Without ultrasound processing by the GPU. The drivers or 
softWare may be adapted for use With reprogrammable 
processors or GPU, such as provided by reprogramming an 
FPGA during use or by service personal. 

[0054] It is therefore intended that the foregoing detailed 
description be regarded as illustrative rather than limiting, 
and that it be understood that it is the folloWing claims 
including all equivalents, that are intended to de?ne the 
spirit and the scope of this invention. 

. (canceled) 

. (canceled) 

. (canceled) 

. (canceled) 

. (canceled) 

. (canceled) 

. (canceled) 

. (canceled) 

. (canceled) 

10. (canceled) 
11. (canceled) 
12. (canceled) 
13. (canceled) 
14. (canceled) 
15. (canceled) 
16. In a method for loading a video memory of a graphics 

processing unit Where a central processing unit interacts 
With a second memory and the graphics processing unit, an 
improvement comprising: 

(a) loading data pre-formatted into a format expected by 
the graphics processing unit into the video memory 
Without storing the data in a cache of the central 
processing unit. 

17. The method of claim 16 Wherein (a) comprises: 

(a1) transferring the data to a graphics aperture region of 
the second memory from a source of data; and 

(a2) transferring the data from the graphics aperture 
region to the video memory Without processing of the 
data by the central processing unit. 

18. The method of claim 17 Wherein (a1) comprises 
Writing ultrasound data from a beamformer into the graphics 
aperture region. 

19. The method of claim 17 further comprising: 

(b) sliding the graphics aperture region of the second 
memory in an address loop. 

20. The method of claim 16 Wherein (a) comprises 
transferring the data to the video memory Without storing the 
data in a graphics aperture region. 
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21. The method of claim 16 wherein the central process 
ing unit is operable to run an application programming 
interface for the graphics processing unit and operable to 
operate free of copying data betWeen different locations of 
the second memory for transfer to the video memory, the 
second memory being a random access memory accessible 
to the central processing unit through a hub, the video 
memory connectable to the second memory through an 
accelerated graphics port of the hub. 

22. The method of claim 16 Wherein the data is formatted 
for the graphics processing unit Without processing by the 
central processing unit. 

23. The method of claim 16 further comprising: 

(b) compressing the data prior to (a); and 

(c) decompressing the data after (a) With the graphics 
processing unit. 

24. A system for loading a video memory of a graphics 
processing unit, the system comprising: 

a central processing unit connected With the graphics 
processing unit, the central processing unit operable to 
run an application programming interface of the graph 
ics processing unit; 

a source of data connected With the graphics processing 
unit; 

a ?rst memory connected With the graphics processing 
unit and the central processing unit; and 

a memory control hub connected With the central pro 
cessing unit, a video memory of the graphics process 
ing unit, the source and the ?rst memory; 

Wherein data is transferable from the source to the video 
memory Without copying of the data by the central 
processing unit. 

25. The system of claim 24 Wherein the memory control 
hub is operable to route the data from the source to the video 
memory through the memory control hub Without passing to 
the central processing unit. 
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26. The system of claim 24 Wherein the ?rst memory has 
a graphics aperture region connected With the central pro 
cessing unit, the data from the source operable to route to the 
video memory from the source through the graphics aperture 
region Without passing to the central processing unit. 

27. The system of claim 26 Wherein the graphics aperture 
region is operable to slide in an address loop. 

28. The system of claim 26 Wherein the memory control 
hub connects With the graphics processing unit With an 
accelerated graphics bus, connects With the central process 
ing unit With a host bus, and connects With the second 
memory With a memory bus. 

29. The system of claim 24 Wherein the ?rst memory 
connects With the central processing unit, the data from the 
source operable to route to the video memory from the 
source Without passing to the central processing unit and 
Without passing to the ?rst memory, the ?rst memory being 
a random access memory of the central processing unit. 

30. The system of claim 24 Wherein the central processing 
unit includes a cache memory, the data transferring to the 
video memory Without storing the data in the cache memory. 

31. The system of claim 24 Wherein the source of data 
comprises a medical sensor, the data being medical diag 
nostic imaging data. 

32. The system of claim 24 Wherein the source of data 
comprises an ultrasound beamformer, the data being ultra 
sound data. 

33. The system of claim 24 Wherein the source of data is 
operable to format the data for the graphics processing unit 
Without processing by the central processing unit. 

34. The system of claim 24 Wherein the data comprises 
compressed data and the graphic processing unit is operable 
to decompress the data. 


