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(57) ABSTRACT 

An apparatus and method for processing ultrasound data is 
provided. The apparatus includes an interface operatively 
connected to a memory, a programmable Single instruction 
multiple data processor (or two Symmetric processors), a 
Source of acoustic data (Such as a data bus) and a system bus. 
The memory Stores data from the processor, ultrasound data 
from the Source, and data from the System bus. The proces 
Sor has direct access to the memory. Alternatively, the 
System buS has direct access to the memory. The interface 
device translates logically addressed ultrasound data to 
physically addressed ultrasound data for Storage in a 
memory. The translation is the same for data from both the 
processor and the Source for at least a portion of a range of 
addresses. The memory Stores both ultrasound data and 
various of beam former control data, instruction data for the 
processor, display text plane information, control plane data, 
and a table of memory addresses. One peripheral connects to 
the ultrasound apparatus. An interface adapter, powered 
from the ultrasound apparatus, translates information trans 
ferred between the peripheral and the ultrasound apparatus. 
The adapter connects non-standard peripherals to various 
Standard interfaces on the ultrasound apparatus. 

2O2 

  



US 2001/0035866A1 

—D ENOHdO}JOlW 

Patent Application Publication 

  



Patent Application Publication Nov. 1, 2001 Sheet 2 of 8 US 2001/0035866A1 

FIG.2 28 
32 

EXTERNAL HARD DSK REMOVABLE USER INTER 38 
44 PERPHERALS, DRME /MEDADEVICE FACE 

C C. doo PHYSIO 

so. E. 1LANEEEO 

52 
( w- - - - - us a- - - a ma- - - - - - - - - - - - - Yum aa a - awN - m -- or why at me - a rum am - - - - - - - 

: 
CPU N-74 

78-U, CPUPORT 
: G MEMORY DNA (68 | 

PORTPORT 

76 &NRair INTERFACES 
O / SYSTEM : 

5O 82 PORT : 
SYSTEM BUS 

58 ULTRASOUND 
DATA BUS 

t 

| | | | | late VIDEO/AUDIO VDEOAUDIO 
ACQUISTION, RECONSTRUCTION 
PROCESSING, LVIDEO/AUDIO AND : 

AND OUTPUT 
OONMERSION 

36 

BEAMFORMER ANALOG C 
/ VIDEO/AUDIO DISPLAY 

MICROPHONE N/OUT SPEAKERS 
24 4.O 54 

  

  

  

  



Patent Application Publication Nov. 1, 2001 Sheet 3 of 8 US 2001/0035866A1 

DEVICE 

DATA PORT 

MEMORY BLOCK 

9. 

SYSTEM PORT 

(E) (A) (e) 26 
24 

l/Q BASEBOND 17Q l/Q DETECTION/ 
BEAMFORMER FIEF OG y 
m 22A 122B LOG(MAGNITUDE) 

(N 22D 
POST-DETECTION 
FILTER ( ) VIDEO FILTER 

22C 

  

  

  



Patent Application Publication Nov. 1, 2001 Sheet 4 of 8 US 2001/0035866A1 

DIGITAL 
VIDEO 
DATA 

  

  



Patent Application Publication Nov. 1, 2001 Sheet 5 of 8 US 2001/0035866A1 

FIG.8 
AGP DAA AGP AGPSB 

BUS ANDSHAKE COMMAND 

--Til--------------- 8.-- 
------------ 

32 
AGP 

COMMAND 
DATA OO GENERATOR 

READWRE TRANSFER 
DATA DAIA CONTROL 3O 
FFO FIFO AGP ADDRESS 

TRANSAON 
33 ABLE 

32K x 26 
3. 

302 

--------- - 

g .5 
P k as C 
g is: 

CO E ESSEE 
DATA TRANSFER BUS 
58 

56 

  



Patent Application Publication Nov. 1, 2001 Sheet 6 of 8 US 2001/0035866A1 

FIG.S) 
4OO 

NITALIZATION 

USER 
MANAGEMENT NERFACE 
PROCESSING CENTRAL 

PROCESSING 

42 

APPLICATION 
PROCESSENG 

4O 

DATA 
PROCESSING 

FGO 4 GB 
BOS 4 GB MB 

RESERVED - - mais a -v ve- was 4 GB 20MB 

SYSTEM BUS (PC) 
RESOURCES 

2 GB 

SYSTEM BUS (PC) 
(RESERVED) 

EXPANSION 

.256 GB 

GRAPHICS 
APERTURE 
BASE 

GB 
MAN SYSTEM BUS (PC) 

MEMORY (RESERVED) 
EXPANSION 

96 MB 
MAN MEMORY HOLE 

MEMORY 512K M 
BASE BIOS AND SA BUS 

OMB 

    

  

  

    

  

  

  

  

      

    

    

  

      

  

  

  

  



Patent Application Publication Nov. 1, 2001 Sheet 7 of 8 US 2001/0035866A1 

BLKSIZE (5ol SAE 4(BLOCK IS FIG 
SLQ 2.O. MULTIPLE OF 6 BYTES 

DEV-D (3.O READ=O WRITE=O 
WR NMAD EVEN ID GENERATE 

ERRUPT INVAL ID ERROR NERRUPT 
D--INT FLUSH AND INTERRUPT A 

END OF TRANSFER 
SEGMENT SZE FROM 

SEGMENT 4K TOG BYTE, 
LIMIT 4KGRANULARITY 

(4) 
O 29.4 

SEGOVERFLOW, 
GE SATURAE ADDRESS AT GENERATES ERROR 

/URRENT ADDRESSF (230) (NEXT ADR=> LIMIT) 294 
BLKSIZE 

(4) deal . 
CL G932 AGPLOGICAL 

3O) 
GOGICAL 
ADDRESS 
SPACE 

EVENT D NDEX 29.2 

FIG.2 

UNUSED 

SINGLE 32Kx32 SRAM 

TRANSFER SEQUENCE 

  

  

    

  

  



Patent Application Publication Nov. 1, 2001 Sheet 8 of 8 US 2001/0035866A1 

FIG. 3 
USB 

394 DIREC OVER PC JTAG 

NDV PORT TEMPOD) BUS BUS/ 
ON BACKPLANE 

FG.4 4 GB 
BOS-UPPER 

SA BUS { 128K ALASED 
SYSTEM BUS (PC) 

RESOURCES 

4 GB-MB 

2 GB 

GRAPHICS 
APERTURE 

GB 
MAN 

MEMORY 

UPPER BIOS MB 
SA RESOURCES 384 KB 

MANMEMr 
SA BUS { 

MAN MEMORY 
OMB 

  

    

  

  

  



US 2001/0035866 A1 

SYSTEMARCHITECTURE AND METHOD FOR 
OPERATING A MEDICAL DIAGNOSTIC 

ULTRASOUND SYSTEM 

BACKGROUND 

0001. This invention relates to an ultrasound system and 
method for processing data. In particular, the method and 
System provide for processing, transferring, and Storing 
ultrasound data, control data, and other information. 
0002 Ultrasound systems acquire, process, and store 
acoustic information. The acoustic information is used to 
generate various types of images and other data. Typically, 
ultrasound imaging Systems include Several dedicated data 
processing structures, including one or more digital signal 
processors (DSP) for processing the acoustic data and one or 
more microprocessors for System control. The control 
microprocessors provide control instructions to the data 
processing Structures. The control instructions are generated 
in response to operating System Software, user interface 
input, and other communication and control Software. One 
or more separate memory blockS provide bulk Storage for 
CINE operations, Storing acoustic data generated by the 
various data processing Structures. The memory blocks are 
designed to Support the Specific volume and bandwidth of 
the real time data stored in and retrieved from them. A 
Separate memory is used for Storing the microprocessor 
Software. As a result, the microprocessors do not have direct 
and efficient access to acoustic data during real time opera 
tion of the ultrasound System, and many different memories 
are required. 
0003) Another example of the separation of memories is 
the use of various display refresh memory planes for gen 
erating an image. Ultrasound Systems typically employ 
Separate display refresh memory planes for each of combi 
nation control information, text and graphics information, 
waveform information, and image information. The Stored 
information is output from each of these memories at a 
constant rate to update and refresh the display. Due to 
different reconstruction and display requirements for the 
different types of data, the refresh memory planes are 
Separated. Text and graphics information is generally con 
Structed by a microprocessor and written into the text and 
graphics refresh memory plane. Image and waveform data 
are generally constructed by Some combination of dedicated 
hardware and DSP processing. The image and waveform 
data are then Stored in their respective memory planes. The 
output from the refresh memory planes is combined and 
displayed. 

0004 One example of an ultrasound system is disclosed 
in U.S. Pat. No. 4,662,222 (the 222 patent). The 222 patent 
describes various models for reconstructing an acoustic 
image using inverse Scattering techniques. Beginning at 
column 19, line 14, the System for generating the acoustic 
image is described. The System includes a CPU and an array 
processor to control the electronic System in accordance 
with the flowcharts shown in FIGS. 6A-6F. At lines 25-28, 
the disclosure notes that “special purpose computational 
hardware should be constructed to incorporate the flow 
diagrams of FIGS. 6A-6F.” The appendix of the 222 patent 
discloses a program to Solve the inverse Scattering models 
by the array processor. The CPU's control of the system to 
Solve the inverse Scattering models is then described with 
reference to FIGS. 6A-6F. 
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0005 Some ultrasound systems combine various 
memory Structures and processing Structures. For example, 
U.S. Pat. No. 5,492,125 discloses two multi-processors for 
processing acoustic data. The multi-processors share a 
memory. The memory is accessed through a cross-bar. One 
multi-processor receives acoustic data and partially pro 
ceSSes the data. The partially processed data is Stored in the 
shared memory. The other multi-processor obtains the par 
tially processed data and completes the processing. 
0006 Multi-processors are used in systems other than 
ultrasound Systems. For example, multi-processors are used 
in personal computing. Various multi-processors are known, 
Such as Pentium Pro(E), Pentium II(E), and other 686 class 
microprocessors that Support multi-processing, and that use 
Single instruction multiple data processing. For use with 
graphics intensive computers, interface devices Such as the 
Intel(R) Accelerated Graphics Port chip set are used to 
provide high Speed interactions between graphic accelera 
tors, multi-processors and memories. 

SUMMARY 

0007. The present invention is defined by the following 
claims, and nothing in this Section should be taken as a 
limitation on those claims. By way of introduction, the 
preferred embodiment described below includes an appara 
tus and method for processing ultrasound data. The appa 
ratus includes an interface operatively connected to a 
memory, a processor, a Source of acoustic data (Such as a 
data bus) and a system bus. 
0008. In one embodiment, an interface device translates 
logical addresses associated with ultrasound data to physical 
addresses for Storage in a memory. The translation is the 
Same for data from both a processor and a Source for at least 
a portion of a range of addresses. 
0009. In another embodiment, a programmable single 
instruction multiple data processor processes ultrasound 
image data, Such as temporally or spatially filtering ultra 
Sound image data. The processor also controls acquisition of 
the ultrasound data. In an alternative embodiment, the 
processor comprises two processors with a common host 
bus. Memory symmetry may also be provided. 
0010. Other embodiments are possible. Further aspects 
and advantages of the invention are discussed below in 
conjunction with the preferred embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 FIG. 1 is a block diagram of an ultrasound imaging 
System, including various peripheral components. 
0012 FIG. 2 is a block diagram of a data processing 
System of FIG. 1, including various peripheral components. 
0013 FIG. 3 is a block diagram of one embodiment of a 
memory and an interface device of FIG. 2. 
0014 FIG. 4 is a block diagram of one embodiment of an 
ultrasound acoustic data acquisition path of FIG. 2. 
0.015 FIG. 5 is a block diagram of one embodiment of a 
portion of the data processing System of FIG. 2, including 
a Video reconstruction data path. 
0016 FIG. 6 is a block diagram of a multi-processor 
System for use in the data processing System of FIG. 1. 
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0017 FIG. 7 is a block diagram of a peripheral connec 
tion. 

0018 FIG. 8 is a block diagram of one embodiment of a 
data transfer controller of FIG. 2. 

0.019 FIG. 9 is a flow chart representation of a processor 
functions. 

0020 FIG. 10 is a representation of a memory map of 
one embodiment. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0021 Referring to FIG. 1, a preferred embodiment of an 
ultrasound System according to the present invention is 
generally shown at 20. The flexible system 20 is described 
below, first with reference to the structure of the system 20, 
and then with a reference to Several examples of the opera 
tion of the system 20. Other structures and uses of the system 
20 are intended to be covered by the claims, which define the 
invention. 

0022 Structure: 
0023 General: 
0024. The system 20 includes a transducer 22, a beam 
former 24 and a data processing system 26. The system 20 
also includes various peripherals, Such as a hard disk drive 
28, a removable media device 30 (e.g. a magneto optical 
disk drive), a local area network 32, a display 34, a speaker 
36, a physio module 38, a microphone 40, a user interface 
42 and other external peripherals 44. The other external 
peripherals include Video or audio recording and playback 
devices, printers, cameras, and other devices. The peripher 
als may include analog or digital Video or audio inputs and 
outputs. The physio module 38 preferably includes an EGG, 
phono, pulse, respiration and one or more auxiliary DC 
coupled input channels (e.g. DC-A, DC-B, DC-C and 
DC-D). Preferably, the data processing system 26 controls 
operation of the peripherals. The System 20 may include no 
peripherals or any Subset of these peripherals. 
0.025 The data processing system 26 includes a central 
ized memory for Storing microprocessor code and data 
(Software or algorithms) and concurrently storing various 
Subsystem data. The Subsystem data includes acoustic image 
data, Video data, audio data, physio data, waveform data, 
text and graphics data, and other Subsystem data. 
0026. As used herein, the term ultrasound or acoustic 
image data encompasses data derived from the transmission 
of acoustic energy and used to generate an image or audio 
output in one or more of various modes, Such as B-mode, 
M-mode, color Doppler mode (velocity, variance or energy), 
spectral Doppler mode (spectrum, derived waveform or 
audio) and other modes. Ultrasound image data includes 
acoustic data from the beam former 24 (e.g. in phase and 
quadrature data or real value data), fundamental or harmonic 
frequency based data, or acoustic data at various Stages of 
processing (e.g. detected data, filtered data, weighted data, 
thresholded data, Video data (compressed or uncompressed), 
combined data, and other processed data derived from 
acoustic data from the beam former). The type of ultrasound 
image data (the stage of processing of the data) is referred 
to herein by the type of processing, the Source or the 
component used to process the data. For example, harmonic 
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data is ultrasound image data associated with harmonic 
frequencies of transmitted fundamental frequencies. AS 
another example, beam former data is ultrasound image data 
provided by a beam former. Ultrasound data includes ultra 
Sound image data, audio data (e.g. physio audio, microphone 
audio and VCR audio), waveform, physio, Video (com 
pressed or uncompressed), text and graphics, patient and 
control data used or generated in an ultrasound System. 

0027. The data processing system 26 also includes a 
microprocessor or parallel microprocessors in a Symmetric 
multiprocessing Structure for controlling the System and 
processing ultrasound image data Stored in the centralized 
memory. The microprocessor operates in response to or 
executes instruction code and data also Stored in the 
memory. 

0028 Based on control instructions from the data pro 
cessing System 26, the beam former 24 generates electrical 
Signals. The electrical Signals are applied to the transducer 
22. The transducer 22 transmits acoustic energy and receives 
echo Signals. Electrical Signals corresponding to the echo 
Signals are provided to the beam former 24 from the trans 
ducer 22. The beam former outputs ultrasound image data, 
Such as in phase and quadrature (I and Q) data associated 
with a plurality of ranges along one or more Scan lines. 

0029. The data processing system 26 processes and stores 
the ultrasound image data from the beam former 24. Pro 
cessing includes altering the data before, after or as part of 
a reconstruction or scan conversion and output to the display 
34. For example, color Doppler information is detected from 
the I and Q ultrasound image data, and the detected ultra 
Sound image data is Stored. The Stored ultrasound image data 
is then temporally or spatially filtered or otherwise pro 
cessed. The processed ultrasound image data is also Stored 
and output for reconstruction. 

0030. Other than the beam former 24, one or more periph 
erals may provide ultrasound data to the data processing 
System 26. The external peripherals may also receive ultra 
Sound data from the data processing System 26, Such as 
audio data or Video ultrasound image data. The hard disk 
drive 28 and the removable media device 30 provide and 
Store Software, ultrasound data and other information for the 
data processing System 26. A local area network (LAN) also 
Supports the transfer of Software or ultrasound data to or 
from the data processing System 26. For example, operating 
System code, patient data, parameter data, control data or 
image data is transferred. The user interface 42 provides or 
receives information about the Status of the various user 
controls or displays (lights or other Secondary displays on 
the user interface 42). The physio module 38 provides 
patient physiological data and event (trigger) information to 
the data processing System 26, as well as the State of any user 
controls located on the physio module 38. Various physio 
modules 38 may be used, such as an ECG or respiration 
device. Data for operation of the physio module 38 is 
communicated from the data processing System 26 or 
another source. The microphone 40 allows for voice acti 
Vated control of one or more user Selectable functions as 
well as the input of patient data, Such as Verbal annotations. 
Information, Such as ultrasound data, control and parameter 
information, or patient information may be provided from 
any of these or other peripherals. 
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0031) Data Processing System: 
0.032 Referring to FIG. 2, a preferred embodiment of an 
ultrasound System according to the present invention is 
shown generally at 50. AS used herein, an ultrasound System 
or apparatuS 50 includes no, one or more peripherals. 
Likewise, the ultrasound apparatus or System 50 may 
include or exclude the beam former 24. The system 50 
preferably includes a data processing System 52, the beam 
former 24, and various peripherals. The various peripherals 
include one or more of the hard disk drive 28, the removable 
media device 30, the LAN 32, the display 34, the speakers 
36, the physio module 38, the microphone 40, the user 
interface 42, the external peripherals 44, an analog video or 
audio peripheral 54 and any other peripherals. Preferably, 
the beam former 24 includes a multiplexer for Switching 
between receive and transmit processing. The beam former 
24 comprises transmit and receive beam formers. In this 
embodiment, the receive beam former is operatively con 
nected to provide acoustic data, and both transmit and 
receive beam formerS receive and are responsive to control 
and parameter information from the data processing System 
52. 

0033. The data processing system 52 includes various 
ultrasound data paths and System data paths. AS used herein, 
a data path is one or more components for receiving, 
processing or transferring data. Any of these various data 
paths may be responsive to information from other data 
paths. 

0034 AS used herein, the term “responsive to” is 
intended to broadly cover any situation where a first com 
ponent alters its operation in response to a Signal generated 
by a Second component whether directly or indirectly. Thus, 
the first component is said to be responsive to the Second 
when the first component responds directly to an output 
Signal of the Second component. Similarly, the first compo 
nent is responsive to the Second if intermediate components 
or processors alter or modify a signal of the Second com 
ponent before it is applied as an input to the first component. 
0035. The data processing system 52 includes a system 
bus 56 and an ultrasound data bus 58. An ultrasound acoustic 
data acquisition path 60, a Video/audio acquisition, proceSS 
ing and conversion path 62 (video/audio acquisition data 
path 62), and a video/audio reconstruction and output path 
64 are connected to both the system data bus 56 and the 
ultrasound data bus 58. These connections allow the transfer 
of ultrasound data or System communication, control and 
parameter data between various components of the System 
50. The ultrasound data acquisition path 60 also connects 
with the beam former 24. The video/audio acquisition path 
62 preferably also connects with the analog video/audio 
peripheral 54, the microphone 40 and the video/audio recon 
struction path 64. The video/audio reconstruction path 64 
also connects with the display 34 and the speakers 36. The 
system bus 56 also connects with the beam former 24 and 
one or more peripheral interfaces 66. 

0036) A data transfer control device 68 also connects to 
both the system bus 56 and the ultrasound data bus 58. An 
interface device 70 connects to the data transfer controller 
68, the system bus 56, a memory 72, and a CPU 74. 
0037. In one preferred embodiment, the various compo 
nents of the data processing System 52 are on three boards 
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(a mother board and two daughter boards). For example, the 
data transfer control device 68, the interface device 70, the 
memory 72, the CPU 74 and the peripheral interfaces 66 are 
located on the mother board, So that these components (e.g. 
the interface device 70 and the southbridge (see appendix C) 
of the peripheral interfaces 66) are grouped together. In this 
example, the ultrasound acoustic data acquisition path 60 
and the Video/audio acquisition data path 62 are on one 
daughter board, and the Video/audio reconstruction path 64 
is on the other daughter board. Other component partioning 
may be used. 
0038. The interface device 70 controls access to the 
memory 72. Preferably, the interface device 70 is a quad port 
or other bridge device, such as the Intel(R) 82443LX, Intel(R) 
440BX, or a Via Technologies Inc. VT82C597 PCI Accel 
erated Graphics Port (AGP) controllers. AGP is a specifi 
cation or protocol prepared by Intel(R). The interface device 
70 preferably includes a physical address generator for 
controlling the memory 72. Other devices with more or 
fewer ports operating pursuant to the AGP or other specifi 
cations may be used (e.g. three ports or a PCI local bus 
protocol). 
0039. The interface device 70 interfaces between the 
memory 72, the CPU 74, the data transfer controller 68 and 
the system bus 56 through a memory port 76, a CPU port 78, 
a data port 80 and a system port 82, respectively. As used 
herein, a port is a connection or other interface for the 
transfer of data to or from a component. Preferably, the CPU 
port 78 comprises a microprocessor host interface with at 
least a 60 Mbytes/sec connection (e.g. 64 bit data path at 96 
MHz). Preferably, the memory port 76 comprises a 64 bit 
wide data path with a 64 or 96 MHz clock with at least a 190 
Mbytes/sec connection. The system port 82 comprises a PCI 
bus interface with at least a 30 Mbytes/sec connection (e.g. 
32 bit data path at 32 MHz). The data port 80 comprises an 
AGP interface with at least a 100 Mbytes/sec connection 
(e.g. 32 bit data path at 64 MHz). The data port complies 
with Intel's Accelerated Graphics Port Interface Specifica 
tion (revision 1.0 or later), but in alternative embodiments 
may employ any data transfer mechanism meeting the 
bandwidth and requirements discussed above or other appro 
priate requirements. Preferably, the data port 80 supports 
burst transferS of packets of ultrasound data with logical and 
implicit Sequential addressing of Successive data values to 
facilitate high through put and transfer efficiency. 
0040. The bandwidths discussed above are approxima 
tions and may vary as a function of various factors, includ 
ing programming and System capabilities. Other effective 
bandwidths, bus widths, and clock rates may be used. 
Preferably, Synchronization Signals are used for transferring 
data between two different clock domains (e.g. 64 MHz to 
or from 48 MHz). 
0041 Alternatively, the interface 70 comprises other port 
designs, Such as Supporting different protocols, different 
connection Speeds or different data widths. For example, a 
three port device without a data port 80 is used. In this 
example, the ultrasound data bus is eliminated and ultra 
sound data transfers are performed over the system bus 56. 
0042. The interface device 70 arbitrates between ports, 
translates interface Signals, bufferS data, controls the 
memory 72, routes data between the various ports and any 
sub-set of these functions. Preferably, the interface device 70 
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is operable to transfer data between the CPU port 78 and the 
memory or system ports 76 and 82, and to transfer data 
between the system or data ports 82 and 80 and the memory 
port 76. In alternative embodiments, the interface device 70 
transfers between the CPU and data ports 78 and 80 or 
between the data and system ports 80 and 82. 
0043. The interface device 70 provides direct access to 
the memory 72 from the CPU port 78, the data port 80, and 
the system port 82. The CPU 74 can directly fetch instruc 
tions from memory 12 for execution, and data for proceSS 
ing. The memory 72 is accessed by the CPU 74 as standard 
random access memory in the CPU's 74 memory address 
Space. Preferably, the access is formatted for pipelined 
addressing of four or more quad words or other Sequences of 
data for improved throughput. 
0044 Accesses to the memory 72 from the system port 
82 also Support direct memory read and write access through 
Single read or write transactions on the System buS 56 in the 
memory's 72 address space. Preferably, the system port 82 
of the interface device 70 supports and controls (e.g. arbi 
tration time out, parking and configuration cycle generation) 
burst transfers on the system bus 56 according to the PCI 
local bus specification, where a burst is comprised of mul 
tiple Single transactions with implicit Sequential addressing 
after the first transaction. 

0.045 Accesses to the memory from the data port 80 also 
Support direct memory access. Preferably, transferS on the 
data port 80 to or from the memory 72 employ pipelined 
transactions according to the AGP specification, where the 
transaction request, Size, and address are Supplied to the 
interface device 70 by the data transfer controller 68 over a 
Set of Sideband Signals. Preferably, the graphic aperture 
(memory window) is at least 256 Mbytes. The data transfer 
is subsequently performed by the interface device 70 over 
the data port data bus in response to the request. Transaction 
requests can be made concurrently with data transferS using 
Separate Sideband data Signals. 
0046) The memory 72 accepts data from or provides data 
to the CPU 74, the data transfer controller 68 and the system 
bus 82. The memory 72 comprises a synchronous DRAM 
(SDRAM) memory, such as a Texas Instruments' TMS 
626162. Alternatively, a SDRAM-II, Double Data Rate 
SDRAM (DDR SDRAM), a sync-link DRAM (SL-DRAM), 
a RAMBUSDRAM (RDRAM), Direct RDRAM, Multi 
Bank DRAM (MDRAM), Cache Enhanced SDRAM (ES 
DRAM), or a non-synchronous memory is used. The 
memory 72 may comprise one or more memory components 
and one or more modules, such as three 32 Mbytes DIMM 
modules. Each memory component is associated with physi 
cal locations in the memory 72. Preferably, all of the 
memory components operatively connect to and are con 
trolled by the interface device 70 (one memory). Less than 
all or other Sources of control may be used. The memory port 
76 of the interface device 70 comprises a memory port 96 of 
the memory. More than one memory port 96 may be used. 
0047 Referring to FIG. 3, the memory preferably com 
prises two memory banks 90 and 92 in one or more blocks 
91. More or fewer banks 90, 92 or blocks 91 may be used. 
Preferably, each bank 90, 92 comprises one or more pages 
94. 

0048 Referring to FIG. 2, the memory 72 provides 
Storage for CPU code and data, ultrasound image data from 
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the data transfer controller 68, the CPU 74, or the system bus 
56, and other data provided from the CPU 74, the data 
transfer controller 68, or the system bus 56. Other data may 
include text, graphics or control plane data for display, audio 
data, control and parameter data, messaging data, and patient 
information. Preferably, one area or Section of the memory 
72 is dedicated to CPU code and data and interprocessor 
communication and control data. As shown in FIG. 10, a 4 
GB address range is used, but other ranges may be used. 
From 512 Kbytes to 1 Mbyte, legacy components (DOS 
compatibility) are located in the System addresses space. In 
FIG. 10, BIOS represents the system boot and configuration 
ROM occupying 128 kB within the 512 kB to 1 MB range 
and 1 MB at the top of the 4 GB address range. Resources 
connected to the system bus 56 are accessed in the 2 GB to 
40 GB-20 MB range. Preferably, at least 64 Mbytes of 
memory is dedicated to acoustic, waveform, text and graph 
ics, and Video Storage. Other memory allocations and maps 
may be used. 
0049. The CPU 74 is a programmable processor operable 
to run operating System, user interface, communication, 
control, applications and ultrasound data processing Soft 
ware or any sub-set of this software. Preferably, the CPU 74 
is a 64-bit single instruction multiple data processor (SIMD), 
such as Intel's Pentium IICR) processor (e.g. 350 MHz with a 
100 MHz frontside bus and 512 Kbytes of L2 cache inte 
grated in a slot 1 single edge contact cartridge). AS used 
herein, Single instruction multiple data processors are pro 
ceSSorS capable of applying a Single instruction on multiple 
data, Such as in parallel processing paths. Furthermore, a 
multi-media extension (MMX) SIMD processor may be 
used. Other processors may be used, Such as by other 
manufacturers, with 32 bits, or without SIMD capability. 
0050 Preferably, a cache memory is internal to and 
managed by the CPU 74, but in alternative embodiments the 
cache memory may reside on a host-bus and be managed by 
the interface device 70. Other embodiments may contain 
both CPU internal cache and host bus cache which are 
managed by either the CPU 74, interface device 70, or both. 
The cache memory reduces transfers to memory 72 on the 
CPU port 78 and improves performance for instructions and 
data that are repeatedly used. The cache memory of the CPU 
74 temporarily Stores ultrasound data, Such as image data, 
for processing by the CPU 74. Upon completion of the 
processing, the ultrasound data is Stored in the memory 72. 
Additional ultrasound data is then Stored in the cache of the 
CPU 74 for undergoing the same processing. Furthermore, 
the cache memory may contain both instructions for execu 
tion by the CPU 74 as well as ultrasound data, such as image 
data. 

0051) The host bus connects to the CPU port 78 of the 
interface device 70. The CPU 74, using the hostbus, obtains 
software data (instruction code) from the memory 72 for 
execution. The CPU 74 operates or executes pursuant to the 
Software data. 

0052. In an alternative embodiment, the CPU 74 com 
prises two or more microprocessors. Referring to FIG. 6, 
two symmetric processors 100 and 102 are shown. Prefer 
ably, the processors 100 and 102, such as Intel's Pentium(R) 
processors, operate pursuant to a Symmetric multiprocessing 
protocol. For example, Intel's multi-processor Specification 
(version 1.4 May 1997) defines the use. Preferably, a master 
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Slave relationship or any other hierarchy or geometry limi 
tations on processing and communications is not created 
between the processors 100 and 102. The processors 100 and 
102 share the same memory Space and access the memory 72 
with the same addresses. This memory Symmetry allows 
both processors 100, 102 to execute a single copy of the 
operating System (instruction code and data) stored in the 
memory 72. The processors 100 and 102 also share access 
to the same input and output Subsystem, Such as a CPU or 
host bus 104 and the associated input and output ports and 
interrupt controllers. This input/output Symmetry allows 
either processor 100 and 102 to receive interrupts from any 
other component of the system 52. Other types of symmetry 
pursuant to the same or different multi processing protocols 
may be used. For example, memory Symmetry, but not I/O 
Symmetry may be employed. 

0053) Referring to FIG. 2, the CPU 74 initiates transfers 
on the system bus 56 through the interface device 70. 
Preferably, the system bus 56 is a high performance multi 
master bus, such as a PCI local bus (revision 2.1 or later) 
with Industrial Computer Mfg. Group Compact PCI (revi 
Sion 2.0) mechanical components and connector technolo 
gies. The System buS 56 may comprise other multi-master or 
non-multi-master buses. The system bus 56 provides a data 
path for the transfer of communication, control, parameter 
and other information between any master or initiator and 
any Slave or target resource connected to the System buS 56. 
The System buS 56 also transferS other data, Such as patient, 
ultrasound data and instruction code data, to the memory 72. 
Preferably, any transfer of data on the System bus 56 targeted 
for Storage in the memory 72 passes through the System port 
70. Alternatively, the data passes through the data port 80. 

0054) The system port 82 of the interface device 70 
preferably includes System bus arbitration and control logic. 
Preferably, the system port 82, the peripheral interfaces 66, 
ultrasound acoustic acquisition path 60, the video/audio 
acquisition path 62, Video/audio reconstruction path 64 and 
the beam former 24 are operable to act as the master/slave or 
both master and slave resources on the system bus 56. 
Preferably, the CPU 74 is capable of locking (uninterrupted 
multi-transfers) the memory 72 pursuant to the PCI speci 
fication, but other resources may use other means for assur 
ing proper operation when accessed by multiple bus masters. 
Other connections between the system bus 56 and other 
resources of the data processing System 26 or peripherals 
may be provided. 

0.055 Control, communication and parameter data is for 
matted as appropriate for its purpose. Other control data 
includes reset Signals for processors, boards and the System 
50 distributed under the control of the CPU 74. Furthermore, 
timing information (e.g. VCR annotation (counter) update 
data), and interrupt data (e.g. to identify frames of display 
data, physio triggers, vertical blanks, and power failure) is 
managed by the CPU 74. 

0056 Local mailbox memories, such as 64 Kx32 memo 
ries, may be provided as local resources in the paths con 
nected to the System buS 56 for temporarily Storing com 
munication, control and parameter data. Preferably, 
interprocessor communications are buffered in the memory 
72 and employ either point-to-point dedicated communica 
tions or common resources with Software arbitration, but 
alternatively may employ only the mailbox memory or a 
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combination of the memory 72 and the local mailbox 
memory for interprocessor communication. 
0057 The peripheral interfaces 66 allow communication 
and transfer of data from any of the various peripherals to 
the system bus 56. For a block diagram of the peripheral 
interfaces 66, see the attached Appendix C. The south bridge 
of Appendix C preferably comprises an Intel 82371 AB 
(PIIX4 or X6). The peripheral interfaces 66, such as the 
South bridge, may perform Subtractive decode for any trans 
actions below 16 Mbytes on the system bus 56 pursuant to 
the PCI bus specification. 
0058 Preferably, the peripheral interfaces 66 comprise 
one or more industry Standard interfaces, Such as an RS-232 
serial interface, an IEEE Std. 1394-1995 (Firewire) inter 
face, a Universal Serial Bus (USB) interface or an Ethernet 
10/100 base T interface. Preferably, one or more high 
bandwidth Firewire interfaces connect to any hard disk 
drives 28, removable media devices 30 or other peripherals 
Supporting the FireWire Standard, Such as a digital VCR. 
Furthermore, the Firewire interface may connect to the 
Video/audio acquisition data path 62 for direct transfers of 
digital video data. Preferably, the Firewire interface includes 
an Open Host Controller Interface Specification compatible 
device. 

0059) One or more lower bandwidth USB interfaces 
connect to any physio modules 38, user interfaces 42, and 
other peripherals Supporting the USB Standard, Such as 
printers and cameras. Preferably, the USB interfaces include 
a controller compatible with the Universal Host Controller 
Interface guidelines. Using a USB interface, the physiologi 
cal or patient data acquired in real time from the physio 
module peripheral 38 is transferred over the system bus 56 
for Storage in the memory 72. 
0060. One or more 10/100 Base-T Ethernet interfaces, 
Such as AMD's AM 79C973 10/100 Mb PCI interface 
Ethernet controller with integrated physical layer interfaces, 
connect to one or more computers or networks, Such as the 
LAN32. Preferably, the Ethernet interface directly connects 
to the system bus 56 for direct memory access burst transfers 
to or from the memory 72. LED’s are preferably provided to 
indicate the Ethernet interface status. A standard RJ45 
connector is provided for the LAN 32 connection, but other 
LAN 32 connections may be used. 
0061 Information from any of the various other periph 
erals is transferred through the peripheral interfaceS 66 to the 
system bus 56. By using standardized interfaces, the number 
of distinct interfaces required in the System is reduced and 
may facilitate testing of the data processing System 52 
through the peripheral interfaces 66. Furthermore, JTAG, 
and I°C serial busses or other busses are connected to 
various resources or boards to facilitate testing, System 
monitoring (temperature), and board level identification and 
control. 

0062. As an alternative, the peripheral interfaces 66 
include one or more non-Standard interfaces. AS an alterna 
tive to non-Standard interfaces, adapter modules as shown in 
FIG. 7 at 200 are used. Depending on the non-standard data 
and physical interface of any external peripheral 202, the 
physical plugs and circuitry of the adaptor module are 
configured to allow connectivity and the transfer of data. 
0063. The adaptor module 200 is shown connected 
between an external peripheral 202 and the data processing 
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system 26. Preferably, the adaptor module 200 connects 
directly to the external peripheral 202 and connects to the 
data processing System 26 through a Standard communica 
tion interface cable 204. In alternative embodiments, a cable 
is provided between the adaptor module 200 and the external 
peripheral 202, and the adaptor module 200 connects 
directly or through another cable to the data processing 
system 26. The external peripheral 202 includes one or more 
peripheral devices, including any of the peripherals dis 
cussed above. 

0064. The adaptor module 200 is preferably powered by 
the peripheral interface 66 (see FIG. 2) of the data process 
ing system 26, such as a Firewire or USB interface. The 
IEEE Std. 1394-1995 (Firewire) (e.g. 8-40 volts at 1.5 amps 
per port) and USB (e.g. 5 volts+5% at 500 mAmps per port) 
Serial buses and associated interfaces include provisions for 
powering external devices. Preferably, three Firewire and 
two USB ports are used, and current limited, such as with 
resetable overcurrent protection. 

0065. The adaptor module 20 preferably connects to 
non-Standard physical plugs associated with the external 
peripheral 202 and performs communication, control, data, 
and interface Signal translation to or from the external 
peripheral 202. For example, data from a non-Standard Video 
page printer is translated to conform with the Standard 
Firewire or USB interface. Likewise information provided 
from the data processing System 26 to the external peripheral 
202 is translated for use by the external peripheral 202. 

0.066 Other than the system bus 56 and peripheral inter 
faces 66, the ultrasound data bus 58 comprises a data path 
for transferring ultrasound data between any of various paths 
and the memory 72. Preferably, the ultrasound data bus 58 
is a 32 bit synchronous bus operating at 48 MHz and 
allowing 48 requesters. In one embodiment, the maximum, 
minimum and granularity of data packets on the data buS 58 
is 1024, 256 and 16 bytes, respectively, but other values may 
be used. The ultrasound data bus 58 preferably comprises 
Separate transfer request and data transfer Signal lines and 
any request has a maximum latency of 10 usec. This 
Separation permits requests for transfer to be performed 
independently from and overlapped with actual transfers of 
ultrasound data. Preferably, the bandwidth of the bus is 
approximately 160 Mbytes (192 Mbytes/sec with 85% effi 
ciency) and is distributed for various data (e.g. in Mbytes/ 
Sec: B/M-mode - 12, F-mode-6.67, D-mode-0.28, full video 
image capture-8, full video review-32, 4 size review-8, 
VCR playback-24, Image reconstruction-24 to 32, Text, 
graphics and display field control reconstruction-36 and 
physio/derived waveform/audio reconstruction-0.25). Dis 
tribution is preferably maintained through uniformly distrib 
uted requests. Other data buses may be used, including buses 
configured for different numbers of requesters, clocks, bit 
widths, and request latencies. 

0067. An ultrasound data path may include the data 
transfer controller 68. Referring to FIG. 8, the data transfer 
controller 68 preferably includes a controller 300, read and 
write buffers 302, an interrupt buffer 304, a service control 
ler 306, an Event ID buffer 308, an address generator 310, 
and a AGP command generator 312. To transfer data, an 
event ID is stored in the event ID buffer 308 (FIFO) when 
a request for transfer is made. The control 300 uses the event 
ID to access transfer control parameters, including genera 
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tion of logical addresses. The attached Appendix B shows a 
logical diagram for address generation as discussed above 
and an associated memory map for an address generator 
table 311. Preferably, address generation is done in parallel 
(address generation for the next event is done during data 
transfer for the current event). 
0068 The address generator 310 generates the logical 
addresses based on the control parameters. The results are 
provided to the AGP command generator 312. The AGP 
logical address is generated by a Sequential process of table 
reads and computations. The 30-bit AGP logical address (1 
Gbyte) consists of an 18-bit segment address and the 
remaining 12 bits point to a location within a 4 Kbyte 
Segment. The 18-bit logical Segment address is computed by 
adding a memory Block Index pointer for the event ID to the 
output of the address table. Additionally, the address table 
output is added to the block size to compute the base address 
for the next transfer for the event ID. This allows Successive 
block Sequential transferS to access main memory 72 in a 
logically contiguous address Space while using the same 
event ID. 

0069. For block non-sequential transfers, the address 
table is not rewritten. The amount of data is determined for 
generating the next Sequential address. After each block 
non-Sequential transfer, the 10 least Significant bits are 
incremented to generate a new address table address, allow 
ing Subsequent transferS with the same event ID to access 
main memory 72 in a non-contiguous manner within the 
Selected Segment. 
0070 The AGP command generator 312 requests transfer 
to or from the main memory 72 over an AGP sideband 
command bus and tracks the interface device 70 to prevent 
overflow. The sideband command bus, as specified in Intel's 
AGPSpecification, demultiplexes the address and data bus 
SeS. Preferably, the command requests correspond to 16 byte 
transfers, but other sizes may be used. 
0071. The read or write buffer 302, such as 256X32 
FIFOs, transfer the data under control of the controller 300 
and convert data rates (e.g. from the 64 MHZ data port 80 to 
the 48 MHz, data bus 58). After completion of a transfer, the 
AGP command generator 312 sends a FLUSH request to the 
interface device 70 to insure any remaining data buffered in 
the interface device 70 is sent to memory 72. Upon acknowl 
edgement of a complete transfer, the controller 300 writes 
the event ID into the interrupt buffer 304. The CPU 74 is 
interrupted to indicate the availability of the data. 
0072 The service controller 306 arbitrates between 
requests for transfer and enables the requesting path to Send 
the event ID and any other information associated with the 
transfer request to the controller 3000. 
0073) Referring to FIG. 2, the data transfer controller 68 
performs arbitration and data buffering, data flow control, 
data reformatting or repacketizing, protocol and interface 
Signal translation, and packet Starting address generation. 
The data transfer controller 68 is a source of or provides 
ultrasound data to various components of the system 50. 
Preferably, the data transfer controller 68 time interleaves 
burst transferS of packets of ultrasound data between the 
memory 72 and any of the ultrasound data processing paths, 
Such as the ultrasound acoustic data acquisition path 60, the 
Video/audio acquisition path 62 and the Video/audio recon 
struction path 64. 
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0074 The data transfer controller 68 buffers ultrasound 
data transferred to the memory 72 based on various require 
ments of the data processing System 52. Both the data 
transfer controller 68 and the interface device 70 include 
buffers. The interface device 70 queues or buffers data to 
minimize latency, maximize bandwidth and Support concur 
rence of transfers on each port of the interface device 70. 
The buffers preferably include dedicated write buffers and 
read buffers, but other buffer structures, such as one buffer 
for both read and write operations, may be used. To maxi 
mize transfer efficiency, the data transfer controller 68 
transfers only ultrasound data (PCI or control commands 
transfer, as Specified by the AGP Specification, are not 
supported, but may be in other embodiments). Other transfer 
Schemes may be used. 
0075 Buffering is also performed in the paths interfacing 
to the ultrasound data bus 58. The size of any buffer to 
prevent the loSS of data is based on data path bandwidth and 
maximum transfer latency. For example, the Sum of the 
ultrasound data bandwidth requirements of the ultrasound 
acoustic data acquisition path 60, the Video/audio acquisi 
tion path 62, and the Video/audio reconstruction path 64 is 
less than the Sustainable bandwidth supported by the inter 
face device 70 between the data port 80 and the memory port 
76. The memory 72 bandwidth sustainable by the interface 
device 70 preferably includes time or bandwidth required for 
concurrent transfers between the CPU port 78 and the 
memory port 76, and the system port 82 and the memory 
port 76. Buffering by the interface device 70 allows for 
latency of any real-time transfer of ultrasound data while 
control or other data is transferred through the interface 
device 70 and allows more efficient burst transfers between 
ports. Buffering by the data transfer controller 68 allows for 
latency of data transferS on the data port 80 permits repacka 
tizing and isolates clock domains between the data port 80 
and the ultrasound data bus 58. Local buffers in the paths 
connected to the ultrasound data bus 58 absorb bus latency 
and the size of local buffers may be determined as follows: 

local data rate Minimum buffer transfer latency 
X 

(Mbytes/sec) (Aisec) size(bytes) 

0076 Preferably, the maximum transfer latency is 100 
tiSec, but other latencies may be used. 
0077. When considering concurrent operation of all the 
ports of the interface device 70 and data transfers to the 
memory 72, the bandwidth of the memory port 76 may be 
the limiting factor and may require trade-offs between the 
bandwidth requirements for the CPU port 78, data port 80, 
and the system port 82. Increasing the bandwidth of the 
memory 72 through the use of higher clock rates, wider data 
widths or more efficient transferS permits higher concurrent 
bandwidths on the other ports of the interface device 70 for 
transfers to the memory 72. 

0078 Preferably, the data transfers between the data port 
80 of the interface device 70 and memory 72 are non 
coherent (i.e. cache memory on the CPU port of the interface 
70 is not accessed or any cache Status updated as part of the 
data transfer). Non-coherent transferS eliminate potential 
performance degradation resulting from coherency testing 
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(Snooping) of each transfer. Preferably, Software is provided 
for maintaining the coherency between the cache memory 
and the memory 72 to ensure that valid data is used during 
data processing and placed in the memory 72 after data 
processing. Thus, the CPU 72 establishes coherency as part 
of its data processing operation. In alternative embodiments, 
the CPU 74 uses the memory 72 for processing the ultra 
Sound image data without using the cache memory, or 
Snooping may occur during transferS on the data port 80 to 
or from memory 72. Preferably, coherency between the 
cache memory of the CPU 74 and the memory 72 is 
maintained for transferS of data, Such as control information, 
ultrasound data, and patient information, to or from the 
memory 72 through the system port 82, and to or from main 
memory 72 through the CPU port 78. 

0079 Various devices comprising sources of ultrasound 
data, Such as in the ultrasound acoustic data acquisition path 
60, the video/audio acquisition data path 62 and the video/ 
audio reconstruction path 64, are described below as an 
example. Any device capable of providing the type of 
ultrasound data may be used. Likewise, any device capable 
of receiving appropriate control instructions may be used. 
The format of the data (image, audio, control or other) 
provided to or from the device is consistent with the format 
of the appropriate other devices of the system 50. 

0080. One source of ultrasound data for processing is the 
ultrasound acoustic data acquisition path 60. Referring to 
FIG. 4, an ultrasound acoustic data acquisition path for 
B/M-mode is shown at 120. The acquisition data path 120 
includes one or more filters 122A-D, a log compression and 
detection circuit 126. Additional components may be 
included. Any of the filters 122A-D and the log compression 
and detection circuit 126 may be implemented with a digital 
Signal processor or other hardware. The acquisition data path 
120 receives information from the beam former 24, Such as 
complex baseband ultrasound image data. The acquisition 
data path 120 performs analytic, detection and other post 
detection processing to generate one or more of B-mode or 
M-mode information. The acquisition data path 120 may 
comprise the data path disclosed in U.S. application Ser. No. 
08/760,083 for an Ultrasonic Diagnostic Imaging System 
With Programmable Acoustic Signal Processor, filed Dec. 4, 
1996 ("the 083 application). See also U.S. Pat. Nos. 5,623, 
930, 5,642,732, 5,285,788, 5,165,413, and 5,014,710. Pref 
erably, the acquisition data path 120 is capable of generating 
detected B-mode data, M-mode data, color Doppler unfil 
tered energy, filtered energy, Velocity and variance data and 
spectral Doppler data (derived waveform, spectrum and 
audio). 
0081. The processing carried out by the acquisition data 
path 120 and the beam former 24 are connected to the system 
bus 56 for receiving control information from the CPU 74. 
The control information is either routed from the CPU port 
78 to the system port 82 or from the memory 72 to the 
system port 82. The control information includes filter 
parameters, input controlling the Selection of parameters 
(filter, Doppler or others), and other inputs controlling 
processing. 

0082 The control instructions preferably control the 
range grid for display. Complex baseband Signals Sampled 
on an initial range grid from the beam former 24 are Supplied 
as input data to a baseband filter 122A. In general, the 
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baseband filter 122A performs harmonic (or fundamental) 
noise Suppression filtering in the range dimension on the 
complex baseband Signals from the beam former 24, and 
provides Selectable Sampling rate decimation in range by a 
factor of L/M. Preferably, the bandwidth of the baseband 
filter 122A is adjusted as a function of the selected ratio L/M 
to band limit the Signal prior to decimation and to prevent 
aliasing, as is well known in the art. 

0.083. The baseband filter 122A Supplies band limited and 
reSampled complex baseband data to a range interpolation 
filter 122B. The range interpolation filter 122B performs 
up-sampling in range prior to nonlinear detection and log 
processing. The range filter 122B performs up-Sampling by 
a factor of R/S. The decimation factor L/M and the inter 
polation factor R/S are preferably selected as a function of 
a number of parameters, including the size of the image to 
be displayed, the transmit center frequency, the number of 
Samples to be displayed, and the number of beams. In this 
embodiment, decimation by the baseband filter 122A 
(L/M-1) is never employed in conjunction with range 
interpolation by the range interpolation filter 122B (R/S>1). 
In alternative embodiments, the baseband filter 122A and 
range filter 122B may be combined into a common block 
which implements both the L/M and the R/S resampling 
Selections. 

0084. The output samples generated by the range inter 
polation filter 122B are Supplied to a detection Stage 126, 
which performs magnitude detection and log compression 
on each data Sample. The data Samples Supplied by the range 
interpolation filter 122B are on an intermediate range grid, 
which is equal to the initial range grid of the beam former 
stage 24 modified by the factor (L/M)x(R/S). The detection 
Stage 126 output is Supplied to a post-detection filter 122C. 
The post-detection filter 122C performs sample rate deci 
mation by a factor of 1 (no decimation) or %. When 
decimation by % is Selected, filtering or band limiting of the 
magnitude Samples is performed prior to decimation to a 
final range grid. This is done to Substantially prevent alias 
Ing. 

0085. The intermediate range grid on which data is 
Supplied to the detection Stage 126 is preferably Sufficiently 
fine (sampled at a high enough rate) to prevent aliasing due 
to spectral broadening which occurs through the nonlinear 
processing operations performed in the detection Stage 126. 
The range grid required prior to nonlinear processing to 
prevent aliasing will be dependent on the overall bandwidth 
of the Signal from the beam former Stage 24 and the fre 
quency response employed in the baseband filter 122A. In 
general, as the final range grid value increases as described 
below, it is preferable to employ an intermediate range grid 
that is finer than the final range grid (more highly over 
Sampled) and then to band limit and decimate down to the 
final range grid after nonlinear processing in the detection 
Stage 126, to preserve information content and to prevent 
aliasing artifacts. For Smaller values of the final range grid, 
the final range grid may be fine enough to Sufficiently over 
Sample the Signal prior to nonlinear processing, in this way 
avoiding the need for increased over-Sampling prior to 
nonlinear processing and Subsequent band limiting and 
decimation after nonlinear processing. 
0.086 Output samples from the post-detection filter 122C 
are Sampled on the final range grid, and are Supplied to a 
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video filter 122D. The video filter 122D performs final 
Shaping of the spectrum of the Signal prior to Scan conver 
sion and display. The video filter 122D is programmable, 
and may be set to pass-through mode where no filtering 
operation is performed, or may be employed to perform 
further band limiting or band peaking (edge enhancement) 
on the range data. 

0087. Other acquisition data paths 120 may be used, such 
as with different filter Structures or processes, including post 
detection variable filtering. For example, the Systems dis 
closed with respect to FIGS. 1, 17 or 18 of the '083 
application or other Systems may be used. Furthermore, 
different components may be used, Such as analog or digital. 

0088 Referring to FIG. 2 and in the preferred embodi 
ment, the ultrasound acoustic data acquisition path 60 pro 
vides processing for various modalities, and provides direct 
acquisition and transfer of beam former acoustic data. 
B-mode and M-mode data output by the ultrasound acoustic 
data acquisition path 60 consists of 8 bit Samples of mag 
nitude detected and log compressed acoustic data. Spectral 
Doppler data output from the ultrasound acoustic data 
acquisition path 60 consists of 8 bit spectral magnitude (128 
point per spectrum), 16 bit of each of forward and reverse 
(left and right) audio, and 16 bits for each (e.g. Such as 4 
waveforms) of the derived waveform data. Doppler Tissue 
and Color Doppler data output from the ultrasound acoustic 
data acquisition path 60 consists of 8 bits of each of 
unfiltered energy, energy, Velocity (signed) and variance. 
Beamformer complex acoustic data (pre-detection) output 
from the ultrasound acoustic data acquisition path 60 con 
sists of 16 bits of each of I and Q data. Data output from the 
ultrasound acoustic data acquisition path 60 is generally 
packed in 32 bit words and grouped in packets representing 
an acoustic line, group, or Specific interval of time. In 
alternative embodiments, other data types, formatting, pack 
ing and grouping may be employed. 

0089. The output from the ultrasound acoustic data acqui 
sition path 60 is stored in the memory 72. In alternative 
embodiments, additional data may be Stored in the memory 
72 from the ultrasound acoustic data acquisition path 60, 
Such as transducer positional information, or any data 
received from the beam former 24. 

0090 Another ultrasound data path or portion of a data 
path is the Video/audio acquisition path 62. The Video/audio 
acquisition path 62 receives digital Video or audio data from 
the video/audio reconstruction path 64 and analog video/ 
audio data from the analog video/audio device 54. Addi 
tional Sources of digital or analog video/audio data may be 
provided. The Video information generally comprises ultra 
Sound image data. Compressed or uncompressed Video data 
stored in the memory 72 is formatted as 8 bits for each color 
component. The video information may be in YUV 4:4:4, 
YUV 4:2:2, Y only, or RGB color spaces or any alternative 
color space and component sub-sampling. Preferably, YUV 
4:2:2 data is stored in the memory 72 as two files, such as 
one file of progressive Y and a second file of U/V interleaved 
data. Alternatively, a four file format of Y and U/V compo 
nent Iinterleaved planes for even and odd field (such as for 
VCR playback) or other formats are used. The video/audio 
acquisition path 62 performs analog to digital and digital to 
analog conversion. Digital Video or audio information is 
output to the ultrasound data bus 58 for storage in the 
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memory 72 and any subsequent processing by the CPU 74. 
Data from the video/audio reconstruction path 64 is input to 
the Video/audio acquisition data path 62 for analog video 
Standards conversion and output to the analog video/audio 
device 54. 

0.091 The video/audio acquisition path 62 preferably also 
performs real time Video compression and decompression. 
The Video/audio acquisition path 62 may perform fewer, 
additional or different functions. The Video/audio acquisi 
tion path 62 preferably compresses and decompresses using 
the Joint Photographics Expert Group (JPEG) compression 
standard (ISO 10918 Draft International Standard) or other 
Standards. Prior to compression, the Video ultrasound data 
may be minified or scaled to further reduce the amount of 
information for Storage. Any compressed Video ultrasound 
data stored in the memory 72 may be transferred to the 
Video/audio acquisition data path 62 over the ultrasound data 
bus 58 for decompression or transferred over the system bus 
56 to an external peripheral. Decompressed ultrasound data 
is saved in the memory 72 and then transferred to the 
Video/audio reconstruction data path 64 for reconstruction 
and output. 

0092. The video/audio acquisition path 62 preferably also 
Supports Static Video frame capture of digital Video data 
from the Video/audio reconstruction path 64, and Subsequent 
transfer to the memory 72. The CPU 74 may then compress 
the Video data using either lossleSS or lossy compression 
algorithms. Compressed data Stored in the memory 72 may 
be decompressed by the CPU 74. 

0093. Another ultrasound data path or portion of a data 
path is the Video/audio reconstruction path 64. Referring to 
FIG. 5, the video/audio reconstruction path 64 comprises 
waveform and image reconstruction circuitry 140 and 142, 
waveform and image display plane memories 144 and 146, 
and combining circuitry 148. As another example, U.S. Pat. 
Nos. 5,563,810 and 5,479,926 discuss reconstruction pro 
cessing and structures. The Video/audio reconstruction path 
64 receives text and graphics plane data, waveform data, and 
ultrasound data (decompressed video, B-mode acoustic, 
M-mode acoustic, color Doppler acoustic, spectral Doppler 
or other types of data) to be used in constructing an image 
for display. The ultrasound data is combined with the 
waveform data and the text and graphics plane data and 
output to a display 34, the Video/audio acquisition path 62 or 
other outputs. 

0094. The image reconstruction circuitry 142 receives the 
ultrasound image data. The image reconstruction circuitry 
142 comprises various processing Stages for performing 
enhanced contrast resolution imaging, color Doppler frame 
interpolation, automatic area measurement processing, color 
mapping, or other processes. For example, See U.S. Pat. No. 
5,479,926 to Ustuner et al. Other processes may include 
decompression or other operations optimally performed 
after bulk Storage and prior to image reconstruction and 
display. The image reconstruction circuitry 142 performs 
Scan conversion or spatial transformation and resampling 
operations to map data received on an acoustic grid or other 
grid to a display grid. For example, the processing disclosed 
in U.S. Pat. No. 5,563,810 for a Device And Method For 
Performing Acoustic Scan Conversion is used. The recon 
Structed ultrasound image data is Stored in the image display 
plane memory 146. 
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0095 The waveform data, including spectral Doppler 
derived waveform data and physiological waveform data is 
reconstructed or formatted for display by the waveform 
reconstruction circuitry 140. The reconstructed waveform 
information is Stored in the waveform display plane memory 
144. 

0096 Text and graphics plane data, such as non-scrolling 
data is passed through a queue 150 to the combining 
circuitry 148. Preferably, the text and graphics plane data is 
generated by the CPU 74 and stored in the memory 72. For 
example, the CPU 74 uses the ultrasound data or any other 
data, Such as physiological data, to calculate quantities. The 
quantities are Stored in the memory 72 as data or textual 
information, along with caliperS or other graphic informa 
tion. Multiple frames of text and graphics plane data are 
preferably Stored in the memory 72 and Selected by chang 
ing an address pointer. 
0097 Plane data, such as text and graphics plane data, is 
data stored uncombined with other types of data. For 
example, combined data is Video data including text and 
image information. Text and graphics plane data is output to 
or within the video/audio reconstruction path 64 for com 
bining with other types of data. Typically, plane data is 
output for combination at a rate corresponding to an update 
rate of the receiving device, Such as the display 34. The text 
and graphics plane data is output from the memory 72 or 
another Source at a rate that is Substantially the same as an 
update or refresh rate of display 34. Due to the other 
potential bandwidth requirements of the memory port 76, 
the queue 150, Such as a 1kx32 first-in, first-out buffer, 
absorbs any latency in receiving the text and graphics plane 
data. Thus, the memory 72 outputs the text and graphics 
plane data at Substantially the Same but varying rate as the 
refresh rate of the display 34. The first-in, first-out text queue 
150 acts to output without variation the text and graphics 
plane data at Substantially the Same rate as the refresh rate 
of the display 34. Preferably, the text and graphics data is 
converted to RGB values with a look-up table prior to 
combination. 

0098. The text queue 150, the waveform display plane 
memory 144, and the image display plane memory 146 
output data at Substantially the refresh or update rate of the 
display 34 to the combiner 148. The combining circuitry 
generates composite ultrasound Video data. The ultrasound 
Video data is converted to analog and displayed on the 
monitor or display 34. The display 34 comprises a CRT or 
flat panel device. 
0099. The video/audio reconstruction data path 64 
receives control plane data from the memory 72. Preferably, 
the control plane data comprises 4 bits/pixel for each black 
and-white and color pixel, but other data formats may be 
used. The control plane data is stored in a 1Kx32 FIFO 
buffer for Subsequent use. The control plane data provides 
control information for the processing and combination of 
data, Such as color or black-and-white look up table palette 
Selection, identification of Scrolling regions, Strip or wave 
form identification, threshold map selection (programmable 
thresholds), black-and-white/color combining Selections, 
image mask Selection (clipping), and blanking background 
color (user Selected). Preferably, the control plane data is 
transferred over the ultrasound data bus 58 and output from 
the memory 72 at a rate corresponding to the refresh rate of 
the display 34. 
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0100 Spectral Doppler audio, microphone (or other 
external audio information), and physiological audio (phono 
physio) data is also transferred from the memory 72 or 
another Source to the Video/audio reconstruction data path 
64. The various audio data is re-sampled and combined or 
mixed to generate a composite audio output. The audio 
information is output to the Speakers 36, transferred to the 
memory 72 for Storage, or output to another peripheral. 
0101 The system described above allows for flexible 
processing of ultrasound data and flexible control of pro 
cessing. The CPU 74 controls the system 50 and performs 
ultrasound data processing. The memory 72 stores instruc 
tion code for the operation of the CPU 74, ultrasound data, 
control data, text and graphics data, and other data. The 
interface device 70 allows for efficient access between the 
CPU 74, the memory 72, various system data paths through 
the System port 82, and various ultrasound data paths 
through the data port 80. 
0102) Operation: 
0103) Referring to FIG. 9, a flow chart of the operation 
of the CPU 74 (FIG. 2) is shown at 400. The CPU 74 first 
initializes the system as represented by block 402. For 
example, various System checks are performed, and com 
ponents (e.g. PCI compliant devices connected to the System 
bus 56) are configured for operation. Further operation of the 
CPU 74 is preferably performed in a multi-tasking environ 
ment. The various operations or functions are time inter 
leaved. For example, the processing associated with two or 
more of a peripheral operation block 404, a memory man 
agement processing block 406, a user interface and other 
control processing block 408, a data processing block 410, 
and an application processing block 412 is interleaved. 
Preferably, the amount of time dedicated to each operation 
is dynamically based on the type of operation, the time of 
any request for the operation, and any other priority infor 
mation. 

0104. An example of the processing associated with each 
block 404, 406, 408, 410 and 412 is discussed below with 
reference to FIGS. 2 and 9. Other organizations of flow may 
be used, Such as additional or fewer processing taskS. 
Furthermore, different, more or leSS processing may be 
performed for each block 404, 406, 408, 410 and 412. 
0105. Upon power up, the CPU 74 executes from a 
non-volatile memory, such as an EEPROM, containing 
initial boot code. The boot code loads additional code from 
disk or LAN into the memory 72 for the CPU 74 to execute. 
The CPU 74 accesses the memory 72 through the interface 
device 70. Pursuant to the instruction code data, the CPU 74 
controls operation of various components of the system 50. 
0106) The CPU 74 configures the interface device 70 and 
the peripheral interfaces 66 to communicate with peripher 
als, Such as the user interface 42 or the local area network 
32 (block 402 of FIG. 9). Information from a peripheral 
device is transferred on the system bus 56 to the memory 72 
through the system port 82 and memory port 76. Alterna 
tively or additionally, the information is provided to the CPU 
74. The information may include new instruction code and 
data transferred from disk or system 50 mode selection data 
from the user interface. For example, the user Selects 
B-mode or other operating modality, Specific processing 
options, or other System operating modes. Other data may be 
downloaded through the peripheral interface to the memory 
72 (block 404 of FIG. 9). 
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0107 For a user selected mode of operation, the CPU 74 
provides control instructions to the beam former 24, the 
ultrasound data acquisition path 60, the Video/audio acqui 
Sition path 62, the Video/audio reconstruction data path 64, 
any peripherals (e.g. physio module or analog video/audio 
device 54) or combinations thereof over the system bus 56 
(blocks 404 and 408 of FIG. 9). The control information 
designates operating modality, Scan format, Scan region, 
focus, gain, other beam former controls (e.g. imaging param 
eters) and other Settings selected by the user or predefined 
for the mode of operation. Different types of control infor 
mation may be used, Such as filtering parameters, Scaling 
parameters and other information usable by one or more of 
the various data paths. Predefined Settings for a particular 
mode of operation are Stored in the memory 72, and may be 
changed or loaded from various peripherals, Such as the 
LAN 32, the removable media device 30, or the hard disk 
drive 28. The control instructions may be provided from the 
memory 72 to the system port 82. Likewise, interprocessor 
communications are Stored in the memory 72 and then 
provided to appropriate processors. 
0108). The control instructions provided by the CPU 74 
depend upon the type of ultrasound data processing Selected 
by the user. For example, the user may Select to acquire 
ultrasound data from the ultrasound acoustic data acquisition 
path 60, or the video/audio acquisition data path 62. For the 
ultrasound acoustic data acquisition path 60, the CPU 74 
Sends control and parameter information to initialize or 
otherwise configure the various components in the ultra 
Sound acoustic data acquisition path 60 and the beam former 
24. For acquiring ultrasound data from the Video/audio 
acquisition data path 62, the CPU 74 sends control and 
parameter information to initialize or otherwise configure 
the Video/audio acquisition data path 62. For example, the 
Video/audio acquisition data path 62 is configured to receive 
analog or digital video and audio information and to com 
preSS or decompress the information. 
0109. In preparation for transferring acquired ultrasound 
data over the ultrasound data bus 58 to the memory 72, the 
CPU 74 also initializes or configures the data transfer 
controller 68 (block 402 of FIG. 9). The CPU 74 dynami 
cally manages the data transfer controller 68 during real time 
operation of the system. The data transfer controller 68 
receives the CPU 74 control data from the system bus 56. 
The CPU 74 initializes the data transfer controller 78 for the 
type of transfer (i.e. read or write) and the starting logical 
address associated with the ultrasound data. The assigned 
event ID corresponds to the transfer type and the Starting 
logical address of the allocated memory block. The event ID 
also identifies packet size, interrupts, routing and other 
control information. 

0110. The event ID is generated by the CPU 74 in 
response to a request from the beam former 24 or another 
ultrasound data path. For example, the beam former 24 
requests Space in the memory 72 for Storage of acquired 
ultrasound data, Such as B-mode acoustic line data. In the 
example of B-mode operation, the request is for memory 
Space for one or more lines or frames of B-mode data. In 
other examples, the request may be for Space for one or more 
frames of B-mode information, one or more frames of color 
Doppler information and/or lines, frames or other appropri 
ate groupings of other data. The amount of data, the division 
of the data, Such as in packets corresponding to a line or 
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other Set of information, and the number of packets within 
any grouping or Set of information is programmed by the 
CPU 74. As used herein, a group or set of information 
includes one or more packets of information. 
0111. In response to the request, the CPU 74 allocates one 
or more memory Sections, Such as 4 kilobyte Sections of the 
memory 72, to store the ultrasound data (block 406 of FIG. 
9). The allocated memory comprises one or more physically 
continuous or discontinuous 4 kilobyte or other Size memory 
Sections. Based on the physical address of the Segments 
within the memory 72, the CPU 74 generates a Graphics 
Address Remapping Table (GART) or other address table for 
use in logical to physical address translation. The CPU 74 
assigns logically contiguous ultrasound data packets in 
allocated memory 72 to various physical memory Sections 
and stores the assignment in the GART. Preferably, the table 
comprises a list of physical addresses indexed by logical 
addresses, but other table structures may be used. Preferably, 
only upper physical address bits are Stored in the table and 
correspond to 4 kbyte Sections. The upper Sequential (logi 
cal) address bits are used to index the table, which provides 
the upper physical address bits that are concatenated with 
lower sequential bits to form the full physical address. For 
256 Mbytes of ultrasound image data, the translation table 
preferably contains 64 K entries, and a 256 kilobyte table. 
Other size tables may be used. 
0112 The event ID is provided to the beam former 24 to 
acknowledge and respond to the request for the allocation of 
memory. Preferably, the event ID is a 10-bit field, allowing 
1024 unique transfer events and allocated memory blocks to 
be concurrently used and managed by the CPU 74. Other 
Size fields and numbers of transfer events may be used. 
0113 Based on the control information from the CPU 74 
over the system bus 58, ultrasound data is acquired. For 
example, the ultrasound acoustic data acquisition path 60 
obtains and processes ultrasound image information. When 
the processed ultrasound image information is ready for 
transfer to the memory 72, the ultrasound acoustic data 
acquisition path 60 generates a request for transfer to the 
data transfer controller 68. The request communicates a 
device identifier and the event ID to employ for generation 
of the logical address and control of the transfer operation. 
0114. In response to receiving the transfer request and 
event ID, the data transfer controller 68 transfers the ultra 
Sound data over the ultrasound data bus 58. The data transfer 
controller 68 generates a starting address for each packet of 
data received from the ultrasound data bus 58 based on the 
transfer control parameters associated with the event ID. For 
B-mode and color Doppler mode ultrasound image data, the 
packet size is preferably associated with one acoustic line of 
data (e.g. 128-576 Samples). For each Successive packet 
associated with an event ID, the data transfer controller 68 
computes the Starting logical addresses. The packet associ 
ated with the last line of a frame or last packet for the event 
(multiple frames or less than one frame) preferably employs 
a unique event ID or passes a control bit to the data transfer 
controller 68 to signify the last transfer. This unique iden 
tification signifies completion of the transfer of ultrasound 
data associated with the event ID. 

0115 The interface device 70 receives the logically 
addressed ultrasound data from the data transfer controller 
68 through the data port 80. The interface device 70 passes 
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the ultrasound data to the memory 72 through the memory 
port 76. Preferably, the interface device 70 supports con 
current transfer of data between the CPU port 78 and the 
system port 82. Concurrent transfers from any two ports of 
the interface device 70 to other ports of the interface device 
70 are also possible in alternative embodiments. The con 
current transfer of information through the interface device 
70 reduces latency and improves data throughput. 
0116. In addition to concurrent routing as discussed 
above, the interface device 70 arbitrates and buffers data, 
Such as ultrasound data or control data, destined for the same 
port of the interface device 70. For example, ultrasound data 
from the data port 80 is to be transferred to the memory port 
76, and user interface or other data is to be transferred from 
the system port 82 to the memory port 76 at Substantially the 
same time. The interface device 70 arbitrates by selecting 
data from either the data port 80 or system port 82 for 
transfer at a particular time. Concurrent transferS to the 
interface device 70 occur on both ports 80, 82, but then the 
interface device 70 arbitrates between the buffered data 
before writing to the memory 72. Information associated 
with the non-Selected port, Such as the System port 82, 
remains buffered. The buffered data is transferred when the 
memory port 76 is available. Preferably, the interface device 
70 alternates between data from the data port 80 and the 
system port 82 for access to the memory port 76. On reads 
from the memory 72, arbitration occurs before the transfer, 
but alternatively, the interface device 70 reads ahead and 
locally buffers read data. The data is output from the buffer 
instead of accessing the memory port 76 to avoid arbitration. 
Arbitration between any two or more of the four ports of the 
interface device 70 for data transfers destined for any one of 
the ports for the interface device is possible. 
0117. In routing and transferring ultrasound data to the 
memory port 76 from the data port 80 of the interface device 
70, the interface device 70 translates the logically addressed 
ultrasound image data addresses to physical memory 
addresses. Other addressing Schemes and translation 
Schemes may be used, Such as providing translation with the 
data transfer controller 68. The translation scheme allows 
the allocation of large logically contiguous address ranges in 
physically discontiguous memory Segments and permits the 
memory 72 to be efficiently utilized even where the process 
of allocation and deallocation of memory Segments creates 
physically fragmented memory space. Preferably, the same 
logical to physical address translation is performed for any 
transfer of ultrasound data to or from the memory 72. The 
CPU 74, the data transfer controller 68 and the system bus 
56 all access the same ultrasound data (data within the 
address range assigned to the data port 80) in the memory 72 
using the same logical address Scheme. 
0118. To translate the logical addresses to the physical 
addresses, the interface device 70 uses the GART or other 
table generated by the CPU 74. Preferably, the GART is 
Stored in the memory 72 and contains address pointers for 
each 4. Kbyte physical memory Segment. Preferably, the 
interface device 70 includes a memory for caching at least 
the last two or more translation table address pointers used 
(physical addresses). By caching a portion of the table, 
requiring access to the memory 72 for each address trans 
lation may be avoided. In alternative embodiments, the 
interface device 70 stores the entire table. As yet another 
alternative embodiment, physical address locations are 
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assigned to the ultrasound data by the data transfer controller 
68. Furthermore, a separate memory for Storing the trans 
lation table may be used. 
0119) After a physical address is associated with each 
packet of ultrasound data, the interface device 70 transfers 
the ultrasound data to the memory 72 in a burst fashion. 
Other transfer techniques may be used. When performing 
transfers to or from the memory 72, the interface device 70 
activates a bank of the memory and Selects a particular page 
of one or more memory components. Successive transferS to 
or from the same page preferably occur on each Successive 
clock cycle, when memory is comprised of SDRAM, to 
maximize the data transfer rate. For a memory port 76 
employing a 64-bit wide data path and a 64 megahertz clock, 
transferring data on every clock yields a maximum data 
transfer bandwidth of 512 Mbytes/sec. Other data widths 
and clock Speeds may be used. Interleaving burst transferS of 
ultrasound data to different pages in the same memory 
components requires additional overhead and reduces the 
effective bandwidth of the memory 72. By providing mul 
tiple blocks, each with multiple banks, in the memory 72 and 
transferring to a previously Selected page, interleaving of 
burst transfers in different banks occurs with reduced over 
head. Other interleaving techniques may be used. 
0120 Storing ultrasound image data in a large buffer, 
Such as the memory 72, permits ultrasound image data 
acquisition, ultrasound image data processing by the CPU 
74, and reconstruction processing to be decoupled, allowing 
disparate acquisition, processing and output data rates to be 
used. 

0121 Once the transfer of the ultrasound data to the data 
transfer controller 68 and the memory 72 is complete, the 
data transfer controller 68 generates an interrupt to the CPU 
indicating completion. In response to the interrupt, the CPU 
74 performs ultrasound image data processing or otherwise 
makes the ultrasound image data in the memory 72 available 
for processing, Such as reconstruction and display proceSS 
ing. The ultrasound image data is altered or further pro 
cessed by the CPU 74 or provided directly to a video/audio 
acquisition data path 62 or the Video/audio reconstruction 
data path 64. Alternatively, the ultrasound image data is 
transferred acroSS the System buS 56 to one or more periph 
erals. Preferably, the CPU 74 performs additional processing 
on the ultrasound image data Stored in the memory 72. This 
additional processing is done in real time or Substantially 
concurrently with the acquisition or output of ultrasound 
image data. Alternatively, the CPU 74 processes the stored 
ultrasound image information not in real time. 
0122) The CPU 74 obtains the ultrasound image data 
from the memory 72 through the interface device 70. As 
discussed above, the CPU 74 generates logical addresses to 
acquire ultrasound image data Stored from the data port 80. 
The interface device 70 translates the logical addresses to 
physical memory addresses. The ultrasound image data from 
the memory 72 is transferred to the CPU 74 for processing. 
0123 The CPU 74 spatially filters (e.g. 3 tap m-mode 
range video filtering or azimuthal filtering), temporally 
filters (e.g. Single tap adaptive or recursive persistence), 
weights, applies a threshold to, or Selects particular param 
eters of the ultrasound image data (block 410 of FIG. 9). The 
CPU 74 may also perform combinations of these and other 
processes 25, Such as depth gain compensation, compression 
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Scaling, edge enhancement, noise and Speckle filtering, peak 
map/frame average processing, energy Weighting of Veloc 
ity, and non-real time compression and decompression of 
video data. The CPU 74 may generate or recover encoded 
information, Such as format, color palettes, or other infor 
mation for obtaining measurements from image data, for or 
from blanking gaps in VCR or Video data. For depth gain 
compensation, background noise vectors are Stored in the 
memory 72, and the CPU 74 inverts and smooths the vectors 
to determine the compensation. Other processes, Such as 
performed by the ultrasound data acquisition path 60, the 
Video/audio acquisition path 62 or the Video/audio recon 
struction path 64, may be performed by the CPU 74. 
Preferably, only lossleSS compression and decompression is 
performed, but lossy compression and decompression on 
Static or real time images may be used. Additionally, any of 
the various processes performed by the CPU 74 may be 
performed in other ultrasound data paths. 
0.124 Preferably, the CPU 74 uses a single instruction to 
operate on multiple pieces of data concurrently. This process 
is repeated for one or more instructions. With the preferred 
Single instruction multiple data processor, 8 byte operands 
are processed in a single clock cycle at a 350 MHZ clock 
rate. Some instructions operate at this level, but others 
operate on 4 word or 2 double word operands. 
0.125 Depending on the amount of data processing and 
other bandwidth uses of the CPU 74, the data processing 
may be constrained under certain operating conditions, Such 
as performing noise and Speckle filtering on color Doppler 
data only when the flow Sample count is greater than a 
required minimum. Changing the frame display rate may 
also limit or broaden the amount of data processing per 
formed by the CPU 74. The attached Appendix A demon 
Strates code for temporally persisting B-mode data. The code 
is designed to test the amount of time a Pentium MMX 
processor uses to persist B-mode data. For implementation 
on the system 50, additional or different code may be used. 
0.126 For static or non-real time compression by the CPU 
74, NTSC 640x480 or PAL 786x576 full screen compres 
sion using DICOM (Packbits) or other lossless schemes may 
be used. For Static compression, Separate compressed data 
segments for each component are generated by the CPU 74. 
For RGB or YUV color spaces, three progressive files are 
generated. 

0127. For static or non-real time decompression by the 
CPU 74, RGB 4:4:4, YUV 4:4:4, or 4:0:0 (monochrome) 
data at a preferable pixel grid size of 768x576 or less is 
decompressed based on the compression Schemes discussed 
above. The compressed data is either planar (separate Scan 
Segments for each component within the frame) or compo 
nent interleaved (single Scan segment with components 
interleaved). Preferably, the decompressed data is planar. 
0128. In addition to any processing of the ultrasound 
data, the CPU 74 generates text and graphics for display 
with the ultrasound image data (block 412 of FIG. 9). The 
text or graphics information is non-Scrolling information, 
Such as input Selection information displayed to the user, 
patient information, calculated quantities and other text. The 
text and graphics information is Stored in the memory 72 as 
text and graphics plane data. The CPU 74 also generates 
control plane data. The control plane data is Stored in the 
memory 72. 
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0129. In alternative embodiments, the CPU 74 performs 
other ultrasound data processing taskS. For example, the 
CPU 74 generates three-dimensional image constructions or 
representations. The CPU 74 obtains ultrasound image infor 
mation in a Video or acoustic format and manipulates the 
information to generate a three-dimensional representation. 
For example, the CPU 74 processes ultrasound image data 
from the beam former 24 (e.g. I and Q values or detected 
data) to generate transducer positional information. This 
process is discussed in U.S. application Ser. No. (unas 
signed) (Attorney Docket No. 5050/222), for an Ultrasonic 
Method for Imaging Blood Flow. As the three-dimensional 
representation or other data is generated by the CPU 74, the 
ultrasound data is stored in the memory 72. The ultrasound 
image data representing the three-dimensional construction 
or viewing planes associated with the three-dimensional 
reconstruction are Stored in the memory 72 or output via the 
ultrasound data bus 58 for display. 

0130 For further discussion of the data processes per 
formed by the CPU 74, see the attached Appendix D. In 
Appendix D, the CPU 74 is referred to as the Main Processor 
(MP) and the memory 72 is referred to as the main memory. 
0131. After storage in the memory 72, the ultrasound 
image data and other data is read out of the memory 72 for 
further processing, transfer through the peripheral interfaces 
66, or transfer to other ultrasound data paths. Any of the 
ultrasound image or audio data Stored in the memory 72, 
Such as associated with different amounts of processing by 
ultrasound image data paths (including the CPU 74), is 
provided for display, further processing, or export. For 
example, the ultrasound image data provided by the video/ 
audio acquisition path 62 or any other ultrasound image data 
path may be transferred from the memory 72 over the system 
bus 56 to any of various peripherals. 

0.132. After one or more frames of ultrasound image data 
are ready for display, the CPU 74 communicates the avail 
ability to the video/audio reconstruction path 64 (block 408 
of FIG. 9). The CPU 74 identifies the frame of data with the 
appropriate event ID, programs interface device 70 with the 
GART to obtain the ultrasound image data from the memory 
72, and initializes the data transfer controller 68 for the type 
of transfer and starting logical address. The CPU 74 enables 
the Video/audio reconstruction path 64, which generates a 
request for transfer of ultrasound image data. The request 
communicates the event ID to the data transfer controller 68. 
In response to the request, the data transfer controller 68 
transferS the ultrasound image data from the memory 72 to 
the ultrasound data bus 58. Preferably, the image data is 
aligned on an acoustic or raster grid, but other grids may be 
used. Other information, Such as text and graphics, control 
plane and waveform information is also transferred over the 
ultrasound data bus 58 to the video/audio reconstruction 
path 64. The Video/audio reconstruction path 64 generates an 
image for the display 34 by combining the various display 
information, and generates audio by combining the various 
audio information. 

0.133 AS an alternative to acquiring ultrasound image 
data from the ultrasound acoustic data acquisition path 60 or 
outputting ultrasound image data to the Video/audio recon 
Struction path 64, ultrasound image data is acquired or 
provided to the Video/audio acquisition data path 62 or the 
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peripheral interfaces 66. The transferS and processing of the 
ultrasound data discussed above are performed in the same 
or a similar manner. 

0.134. Ultrasound data from two ore more different data 
paths, Such as the ultrasound image acquisition path 60 and 
the Video/audio acquisition data path 62 may occur Substan 
tially simultaneously. In this situation, the data transfer 
controller 68 arbitrates between requests for transfer and 
time interleaves ultrasound data packets on the data transfer 
bus 58 for transfer to or from the memory 72. 
0135) In a preferred embodiment, the transfers of ultra 
sound data over the ultrasound data bus 58 are managed by 
the CPU 74. Additionally, transfers of physio, or any other 
type of data stored in the memory 72 and transferred over the 
system bus56 are managed by the CPU 74. The CPU 74 also 
manages the memory 72, including allocation and deallo 
cation, assignment of event identifiers, GART loading, and 
data transfer controller 68 initialization and address genera 
tor table loading. The CPU 74 also dynamically directs the 
Video/audio reconstruction data path 64 by identifying ultra 
Sound data in the memory 72 for reconstruction. The packet 
sizes associated with any of the data, Such as ultrasound 
data, audio data, patient information, text information, 
waveform information, control instructions may vary. 
0136. While the invention has been described above by 
reference to various embodiments, it would be understood 
that many changes and modifications can be made without 
departing from the Scope of the invention. For example, an 
interface device 70 may have more or fewer ports. Other 
Specifications and protocols may be used. More or leSS 
control and/or ultrasound image data processing may be 
performed by the CPU 74. Access to the memory may be 
provided without the interface device 70, such as through a 
memory port connected directly to various components. 
0.137 It is therefore intended that the foregoing detailed 
description be understood as illustration of the presently 
preferred embodiments of the invention, and not as a defi 
nition of the invention. It is only the following claims 
including all equivalents, that are intended to define the 
Scope of this invention. 

What is claimed is: 
1. An ultrasound apparatus for Storing data, the apparatus 

comprising: 

an interface device including a logical address generator, 
an ultrasound image data port, a processor port and a 
memory port; 

a processor operatively connected to the processor port; 
and 

a memory operatively connected to the memory port; 

wherein the interface device translates logical addresses 
to physical memory addresses the same for ultrasound 
data from the ultrasound data port and the processor 
port for at least a portion of a range of addresses. 

2. The apparatus of claim 1 wherein the interface device 
comprises a device operable pursuant to an Accelerated 
Graphics Port Specification. 

3. The apparatus of claim 1 wherein the interface device 
comprises a quad port interface device. 
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4. The apparatus of claim 3 wherein ultrasound image 
data and a table of physical addresses is Stored in the 
memory. 

5. The apparatus of claim 1 wherein: 
the processor port comprises a host interface; 
the ultrasound image data port comprises an AGP inter 

face; and 
the memory comprises a component Selected from the 

group consisting of synchronous DRAM and RAM 
BUS. 

6. The apparatus of claim 1 wherein the interface device 
further comprises a PCI bus interface operatively connected 
to a System bus. 

7. The apparatus of claim 6 wherein the physical address 
generator is operable to route data from a first of Said ports 
to a Second of Said ports Substantially concurrently with 
routing data from a third of Said ports to a fourth of Said 
ports. 

8. The apparatus of claim 6 wherein the interface device 
translates logical addresses to physical memory addresses 
the same for ultrasound image data from the ultrasound 
image data port, the processor port, and the PCI buS inter 
face. 

9. The apparatus of claim 1 wherein the interface device 
is operable to arbitrate between transferring data from first 
and Second of Said ports to the memory port. 

10. The apparatus of claim 1 wherein the processor 
comprises a System processor. 

11. The apparatus of claim 10 wherein instruction data for 
the System processor is Stored in the memory. 

12. The apparatus of claim 1 wherein the processor has 
direct access to the memory. 

13. The apparatus of claim 6 further comprising a data 
transfer controller operatively connected to the ultrasound 
image data port, wherein the processor, the System buS and 
the data transfer controller have direct access to the memory. 

14. A method for Storing data in an ultrasound System, the 
method comprising the Steps of 

(a) providing an interface device including a logical 
address generator, an ultrasound data port, a processor 
port and a memory port; 

(b) translating logical addresses to physical memory 
addresses for ultrasound data associated with the ultra 
Sound data port 

(c) translating logical addresses to physical memory 
addresses using a same Scheme for ultrasound data 
asSociated with the processor port for at least a portion 
of a range of addresses. 

15. The method of claim 14 wherein the step (a) com 
prises providing a device operable pursuant to an Acceler 
ated Graphics Port (AGP) specification. 

16. The method of claim 14 further comprising the step 
(d) of Storing ultrasound image data and a table of physical 
addresses in the memory. 

17. The method of claim 14 wherein the step (a) com 
prises providing a host interface, an AGP interface, and a 
interface to a memory, the memory Selected from the group 
consisting of synchronous DRAM and RAMBUS. 

18. The method of claim 14 wherein the step (a) further 
comprises providing a PCI bus port operatively connected to 
a System bus. 
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19. The method of claim 18 further comprising the step 
(d) of routing data from a first of Said ports to a second of 
Said ports Substantially concurrently with routing data from 
a third of Said ports to a fourth of Said ports. 

20. The method of claim 18 further comprising the step 
(d) of translating logical addresses to physical memory 
addresses pursuant to the Scheme for ultrasound image data 
associated with the PCI bus port. 

21. The method of claim 14 further comprising the step 
(d) of arbitrating between transferring data from first and 
Second of Said ports to the memory port. 

22. The method of claim 14 further comprising the step 
(d) of directly accessing the memory with a processor 
operatively connected to the processor port. 

23. The method of claim 22 wherein the step (d) com 
prises accessing instruction data for execution. 

24. The method of claim 18 further comprising the step 
(d) of directly accessing with one bus transaction the 
memory from any of the ports. 

25. A method for operating an ultrasound System, the 
method comprising the Steps of 

(a) controlling acquisition of ultrasound data with a 
programmable Single instruction multiple data proces 
Sor, and 

(b) processing the ultrasound data with the programmable 
Single instruction multiple data processor. 

26. The method of claim 25 wherein the step (b) com 
prises processing Selected from the group consisting of: 
temporal filtering, Spatial filtering, thresholding, Weighting, 
decompression, compression, three-dimensional processing, 
parameter Selection, quantity calculation and combinations 
thereof. 

27. The method of claim 26 further comprising the step (c) 
of forming an ultrasound image in response to the processed 
ultrasound data. 

28. The method of claim 25 further comprising the step (c) 
of Storing in a memory the acquired ultrasound data. 

29. The method of claim 28 further comprising the steps 
of: 

(d) generating with the processor a table of physical 
memory addresses indexed by logical addresses, and 

(e) storing the table in the memory. 
30. The method of claim 28 further comprising the step 

(d) of Storing in the memory processed ultrasound image 
data from the processor. 

31. The method of claim 28 further comprising the step 
(d) of Storing in the memory instruction code data, the 
processor responsive to the instruction code data. 

32. The method of claim 25 wherein the step (a) com 
prises providing at least one control instruction Selected 
from the group consisting of a beam former instruction, a 
detector instruction, a filter instruction, a digital Signal 
processor instruction, a multiplexer instruction, a data trans 
fer controller instruction, a Scan converter instruction, a 
peripheral instruction, an interface device instruction, an 
ultrasound image data path instruction and combinations 
thereof. 

33. The method of claim 25 wherein the step (b) com 
prises providing two input/output Symmetric processors. 

34. The method of claim 25 wherein the step (b) com 
prises providing two memory Symmetric processors. 



US 2001/0035866 A1 

35. A ultrasound System for generating image data, the 
System comprising: 

a programmable Single instruction multiple data proces 
Sor, 

a ultrasound data bus operatively connected to the pro 
ceSSor; and 

a System control buS operatively connected to the proces 
SO. 

36. The system of claim 35 wherein the processor com 
prises a multi-media eXtension processor. 

37. The system of claim 35 wherein the processor applies 
one or more algorithms Selected from the group consisting 
of temporal filtering, Spatial filtering, thresholding, weight 
ing, decompression, compression, three-dimensional pro 
cessing, quantity calculation, parameter Selection and com 
binations thereof. 

38. The system of claim 35 further comprising a display 
of an ultrasound image, the ultrasound image responsive to 
ultrasound image data altered by the processor, and the 
display operatively connected to the ultrasound data bus. 

39. The system of claim 35 further comprising a memory 
for Storing ultrasound image data from the ultrasound data 
bus and the processor. 

40. The system of claim 39 wherein the memory is 
operable to Store instruction code data; and the processor is 
responsive to the instruction code data. 

41. The system of claim 35 wherein the processor com 
prises two input/output Symmetric processors. 

42. The system of claim 35 wherein the processor com 
prises two memory Symmetric processors. 

43. The system of claim 35 further comprising an inter 
face device operatively connected to the processor, the 
System control bus and the ultrasound data bus. 

44. The system of claim 43 wherein the interface device 
is operable to provide direct access to a memory by the 
processor, the System control bus and the ultrasound data 
bus. 

45. A method for operating an ultrasound System, the 
method comprising the Steps of 

(a) providing first and Second control processors with a 
common hostbus, 

(b) storing ultrasound operating System code in a 
memory; and 

(c) executing the ultrasound operating System code on 
both the first and Second control processors. 

46. The method of claim 45 wherein the step (c) com 
prises providing input/output Symmetry for the first and 
Second control processors. 

47. The method of claim 46 wherein the step (c) com 
prises using the same input/output ports and interrupt con 
trollers for both the first and second control processors. 
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48. The method of claims 45 wherein the step (c) com 
prises providing memory Symmetry for the first and Second 
control processors. 

49. The method of claim 48 wherein the step (c) com 
prises using the same memory addresses for both the first 
and Second control processors. 

50. The method of claim 49 wherein the step (c) com 
prises accessing the memory through an interface device 
operatively connected to the first and Second control pro 
CCSSOS. 

51. The method of claim 45 wherein the step (c) com 
prises providing control instructions. 

52. The method of claim 51 further comprising the step 
(d) of processing ultrasound image data with the first and 
Second control processors. 

53. The method of claims 46 wherein the step (c) com 
prises providing memory Symmetry for the first and Second 
control processors. 

54. An ultrasound System for controlling the acquisition 
of image data, the System comprising: 

a memory for Storing operating System code; 

first and Second control processors both responsive to the 
Substantially Same operating System code; and 

a common host buS operatively connected to the first and 
Second control processors. 

55. The System of claim 54 further comprising input/ 
output ports and interrupt controllerS operatively connected 
to both the first and Second control processors. 

56. The system of claim 55 wherein the first and second 
control processors use the same memory addresses. 

57. The system of claim 56 further comprising an inter 
face device operatively connected to the memory and the 
first and Second control processors. 

58. The system of claim 54 wherein the first and second 
control processors are operable to provide control instruc 
tions. 

59. The system of claim 54 wherein the first and second 
control processors each comprise a single instruction mul 
tiple data processor. 

60. The system of claim 54 wherein the first and second 
control processors provide control instructions and process 
ultrasound image data. 

61. The system of claim 57 wherein the interface device 
comprises a data bus port and a System bus port, the data bus 
port, the first and Second control processors, and the System 
buS port operable to directly access the memory. 


