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(57) ABSTRACT 

The present invention relates to a lightweight, high resolu 
tion portable ultrasound System using components and 
methods to improve connectivity and ease of use. A pre 
ferred embodiment includes an integrated System in which 
the beam former control circuitry can be inserted into the 
host computer as a peripheral or within the processor 
housing. The modular System can include a docking assem 
bly for a cart System having a console to operate the System 
and house additional communications and peripheral Sys 
temS. 
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Typical Transducer ID chip Memory Map: 
Word Bits 3-24 Bits 23-6 Bits 5-8 BitS 7-0 

Address 

IDENTIFICATION segment 
O Major revision # Minor revision H Transducer type ID # 

Transducer Serial i 
2 to 7 reserved reserved reserved 

USAGE Segment 
Inauguration System Serial H I auguration Date Code 

9 Recent System Serial # Recent System Date Code 
10 Previous System Serial # Previous System Date Code 

Cumulative Usage Counter 
Reserved 

FACTORY Segment 
32 to 63 Per element gain adjustments: 256 entries of 4 bits each 
64 to 95 Per element propagation delay adjustments: 256 entries of 4 bits 

USER Segment 
96 to 127 Reserved for user defined calibration data 

AZa /42 

  

  

  

  

      

  

  

  

  

  



Patent Application Publication Nov. 10, 2005 Sheet 19 of 42 US 2005/025 1035 A1 

-N 
Transducer 
management module 

send 
TRAASDUCERATTACH 
message lo MAN 
application program 

wait for TRANSOUCER send 
ATTACH event TRASDUCER DATTACH 

message to MAN 
application program 

read Transducer Type 
ID from the wait for acknowlegement for acknowlegement IDENTIFICATION for MAN towice segment from 

update attachment 
history in the 
USAGE segment 

load 
transducer profile 
from database on hard 
drive according to 
transducer Di 

wait for TRANSDUCER 
DEACH eventor 
5 minutes elasped time read fine adjustment table 

from the FACTORY 
segment 

modify transducer 
profile using the adjustment 
lable 

NY 
increment CUMULATIVE 
USAGE COUNTER in 
the USAGE segment 

AZ a /21 

      

  

  

  

  
  

  

    

  

  

  

    

  

  

  

  

  



Patent Application Publication Nov. 10, 2005 Sheet 20 of 42 US 2005/025 1035 A1 

/ 
22O 

digital control/programming 
inputs 

Terason igh voltage 
Transmit/Receive tasunitlers/ 
ASC kow voltage 

receiver 

analog 2.É. Irceiver 2. 
outputs 

Receive Amplifiers 
and beam formers 

2%? 
digital control/programming 
inputs 

Terason High voltage 
Transmit/Receive trasunities/ 
ASC low voltage 

receive 

analog 32 47 recover 

outputs 

Transducer A 
Collector 

Aza 

piza /2 2. 

  

  

    

    

    

  

  

  

  

    

  

  

  

  



Patent Application Publication Nov. 10, 2005 Sheet 21 of 42 US 2005/025 1035 A1 

517 
Tasinsduce Sefect J 

N 
C rtly onable 

low volate digital 
tras?nit waveforms 

Transmit waveform 
Generators, 28 
Receive Amplifiers Transmittatreceivers 
and beamfortners 

Transducer A 
Couector 

array 
of 
28 relays 

analog receive 
signals 

28 relays 

F. Za /4A 

Trasnsducer Select 

Transducer A low voltate digital 
trasmit waveforts correcto 

Transmit Waveforn 
Generatos, 

. Receive Amplifiers 
and beanformers 

28 
Transmitterfreceivers 

analog receive 
signals 

Transducer B 
connected 

f76 /2 - 

4% 

    

    

  

    

  

  

  

  

    

  

  

  

    

  



Patent Application Publication Nov. 10, 2005 Sheet 22 of 42 US 2005/025 1035 A1 

s 5ft 

A/G f (a 

  



Patent Application Publication Nov. 10, 2005 Sheet 23 of 42 US 2005/025 1035 A1 

  



Patent Application Publication Nov. 10, 2005 Sheet 24 of 42 US 2005/025 1035 A1 
  



Patent Application Publication Nov. 10, 2005 Sheet 25 of 42 US 2005/025 1035 A1 
  



Patent Application Publication Nov. 10, 2005 Sheet 26 of 42 US 2005/0251035 A1 

n g 
uS 

  



Patent Application Publication Nov. 10, 2005 Sheet 27 of 42 US 2005/025 1035 A1 

i 

  



Patent Application Publication Nov. 10, 2005 Sheet 28 of 42 US 2005/025 1035A1 
  



US 2005/025 1035 A1 Patent Application Publication Nov. 10, 2005 Sheet 29 of 42 
  



Patent Application Publication Nov. 10, 2005 Sheet 30 of 42 US 2005/025 1035 A1 
  



Patent Application Publication Nov. 10, 2005 Sheet 31 of 42 US 2005/025 1035 A1 
  



Patent Application Publication Nov. 10, 2005 Sheet 32 of 42 US 2005/025 1035 A1 
  



Patent Application Publication Nov. 10, 2005 Sheet 33 of 42 US 2005/025 1035 A1 

SRMAxTYP 
ON 2-2 3.20 059 SECT ig DIATYP 7.6 

PANE OPENING .302 
PAERN PRON AREA3) OSO 

49typ DIATYP CICUT1 CRCUT40 1Bs 1, 
cCUT 4 Circuit 2O by DIATYP 

s Sir YP 
295 CACUT 

- f 
12.75 
siTYR 

ETYP 3. 
CRCUB CRCUT 20 22 Yp 
circuit 12 Circulso 3.80 TYP 

SQryp 50 
3O 239typ 

1.78 9 PCB LAYOUTCOMPONENT SIDE 

  



Patent Application Publication Nov. 10, 2005 Sheet 34 of 42 US 2005/025 1035 A1 

J. 1.35. 1.5 m 0.9) iTYP - és sig RMAXTYP 
SDAYP SECTION 2-2 232 S.S. 

2 PANE OPENNG .253 
PATERN PRO-ON iTYP 99 DIATYP 

CRC 40 CRCU2 Cact ; DAT AREA3 iTYP 
circus CRCT39 CRC 9DATYP 25. 

CRCU42 7.50 los? iTYP 296 399 Diaryp 
18 cCT 

s 2 Yp 

CRCUT2 TYP 
RCUg 

circuito 2 CRCUT8 2.3 
circus) CRCUT 22 CRCU12 iTYP 

CRC 59 Yp 
36.OO 3.30 a 7 

a typ 2.30 
O- says t;9 3. PCs. AYouT.COMPONENT Sld g 

At 6.2%C 

  

    

  



Patent Application Publication Nov. 10, 2005 Sheet 35 of 42 US 2005/025 1035 A1 

F. G. . 33 

  



Patent Application Publication Nov. 10, 2005 Sheet 36 of 42 US 2005/025 1035 A1 
  



Patent Application Publication Nov. 10, 2005 Sheet 37 of 42 US 2005/025 1035 A1 

  



US 2005/025 1035 A1 Patent Application Publication Nov. 10, 2005 Sheet 38 of 42 
  



Patent Application Publication Nov. 10, 2005 Sheet 39 of 42 US 2005/025 1035 A1 

as: ES 

  



Patent Application Publication Nov. 10, 2005 Sheet 40 of 42 US 2005/025 1035 A1 

i 

  



Patent Application Publication Nov. 10, 2005 Sheet 41 of 42 US 2005/025 1035 A1 

  



Patent Application Publication Nov. 10, 2005 Sheet 42 of 42 US 2005/025 1035 A1 

Case: exposed 
conctors: 
frowe?t 
2. USB 
3. Eternet 
4. Microphone 
5. Docking. 
6.EKG 

Extra: WGA, Second USB 

/a2 
20% 

/2/6 
Consol: Exposed 

telectors: 
t, Power (for use without 
the cart) 
2. Ethernet. 
3. USB 
a...EKG 

Cart: No exposed 
connectors. 

WCrandprinter are 
connected through the 
holed in the case) 

/324 

/22 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



US 2005/025 1035 A1 

MODULAR PORTABLE ULTRASOUND SYSTEMS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority of Provisional 
Application No. 60/525,208 filed Nov. 26, 2003 entitled: 
MODULAR PORTABLE ULTRASOUND SYSTEM. The 
above application is incorporated entirely herein by refer 
CCC. 

BACKGROUND OF THE INVENTION 

0002 Conventional ultrasound imaging systems typi 
cally include a hand-held probe coupled by cables to a large 
rack-mounted console processing and display unit. The 
probe typically includes an array of ultrasonic transducers 
which transmit ultraSonic energy into a region being exam 
ined and receive reflected ultrasonic energy returning from 
the region. The transducers convert the received ultrasonic 
energy into low-level electrical Signals which are transferred 
over the cable to the processing unit. The processing unit 
applies appropriate beam forming techniques to combine the 
Signals from the transducers to generate an image of the 
region of interest. 
0.003 Typical conventional ultrasound systems include a 
transducer array each transducer being associated with its 
own processing circuitry located in the console processing 
unit. The processing circuitry typically includes driver cir 
cuits which, in the transmit mode, Send precisely timed drive 
pulses to the transducer to initiate transmission of the 
ultraSonic Signal. These transmit timing pulses are for 
warded from the console processing unit along the cable to 
the Scan head. In the receive mode, beam forming circuits of 
the processing circuitry introduce the appropriate delay into 
each low-level electrical Signal from the transducers to 
dynamically focus the Signals. Such that an accurate image 
can Subsequently be generated. 
0004. There still remains a need to provide stand-alone 
processing ultrasound units with the necessary hardware, for 
example, connectors to enable truly portable ultrasound 
Systems that can function on an independent platform. There 
is a need for an ultrasound transducer connector assembly 
with an electrical connector of minimal mechanical com 
plexity, Size and cost. 

SUMMARY OF THE INVENTION 

0005 The system and method of the present invention 
includes a hand held transducer probe that is connected by 
wire or wireleSS connection to a lightweight processing unit 
including a housing and internal circuitry for processing 
Signals received from the probe. In a preferred embodiment 
the processing unit housing includes a display and manual 
and/or virtual controls that can control the display and 
processor operation, and a battery providing power to the 
processor housing and the transducer array. A preferred 
embodiment includes a console of a cart System to provide 
control features of the modular System. 
0006. In a preferred embodiment of the invention, the 
processor housing includes a transmit/receive (T/R) chip 
that communicates with the transducer array. A System 
controller communicates with the T/R chip, a local memory, 
a preamplifier/TGC chip, a charge domain beam former 
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circuit and a Standard high Speed communication interface 
such as IEEE 1394 USB connection to a system processor. 
0007. A preferred embodiment of the invention includes 
a connector System to Secure the cable from the transducer 
probe to the processor housing. The connector System pref 
erably uses a Smaller lightweight connector than prior art 
Systems yet meeting the Standard Shielding and mechanical 
Strength and integrity requirements for medical ultrasound 
imaging Systems. 

0008. A preferred embodiment of the invention includes 
a circuit that identifies the type of transducer array that has 
been connected to the housing. The circuit can be a single 
integrated circuit contained in the housing connector module 
that communicates with the processor and can include a 
memory Storing calibration data for each probe. The display 
screen will display probe type information for the user. The 
connector System can include a connector actuator or lock 
that can be manually actuated by the user to Secure the male 
and female connector elements. In a preferred embodiment 
a lever is rotated from a first position to a Second position 
Such that a cam element attached to the lever mates with a 
catch element on the cable connector element attached to the 
probe cable. The lever pulls the connector in and also 
operates to push the connector element out when actuated in 
the reverse direction thereby reducing the Strain often caused 
by the user in pulling the cable connector element out of the 
housing connector element. 
0009. In accordance with a preferred embodiment, the 
method for performing an ultrasound Scan on a region of 
interest of a patient includes connecting a probe to a portable 
processing unit with a connector System, locking the con 
nector in place, employing the onboard identification circuit 
to identify the probe and display probe information on the 
display prior to the Scan, entering patient information and 
performing the Scan. Another preferred embodiment of the 
invention includes a cart System in which the processor 
housing and display can be connected or docked with a 
mobile Station or cart having a control panel and a port 
assembly for receiving one or more transducer probes. 
0010. The foregoing and other features and advantages of 
the System and method for ultrasound imaging will be 
apparent from the following more particular description of 
preferred embodiments of the System and method as illus 
trated in the accompanying drawings in which like reference 
characters refer to the same parts throughout the different 
views. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 FIG. 1 illustrates a portable ultrasound imaging 
System including a hand-held probe in accordance with a 
preferred embodiment of the present invention. 
0012 FIG. 2 illustrates a modular portable system hav 
ing a hand-held ultrasound transducer connected to a pro 
cessing and display unit in accordance with the present 
invention. 

0013 FIG. 3 illustrates a single board computer and 
beam former circuits that form the processing unit in accor 
dance with a preferred embodiment of the present invention. 
0014 FIGS. 4A and 4B illustrate block diagrams of 
preferred embodiments of a modular, portable ultrasound 
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System including a hand-held transducer assembly interfac 
ing with a processing unit having the beam former electron 
ics in accordance with the present invention. 
0.015 FIG. 4C illustrates a single chip, N-channel, time 
multiplexed multiple beam forming processor with on-chip 
apodization and bandpass filter. 

0016 FIG. 5A illustrates a view of a stand alone portable 
ultrasound processing and display unit in accordance with a 
preferred embodiment of the present invention. 

0017 FIG. 5B illustrates an exploded view of the ultra 
sound processing and display unit shown in FIG. 5A in 
accordance with a preferred embodiment of the present 
invention. 

0018 FIGS. 6A and 6B illustrate a 10-inch and 12-inch 
display, respectively, that can be included in an ultrasound 
Stand-alone unit in accordance with a preferred embodiment 
of the present invention. 

0.019 FIG. 7 is a side view of an ultrasound processing 
and display unit in accordance with a preferred embodiment 
of the present invention. 

0020 FIGS. 8A-8B illustrate views of a single board 
computer included in the ultrasound Stand alone unit in 
accordance with a preferred embodiment of the present 
invention. 

0021 FIG. 9 illustrates a view of the configuration of the 
computer boards in a Stand alone ultrasound unit in accor 
dance with a preferred embodiment of the present invention. 

0022 FIGS. 10A-10F illustrate views of the ultrasound 
processing unit configured for different applications Such as 
different processing unit configured in different applications 
Such as different original engineering manufacture (OEM) 
configurations and Stand alone configurations in accordance 
with a preferred embodiment of the present invention. 

0023 FIG. 11 illustrates a schematic drawing of an 
analog board included in an ultrasound processing unit in 
accordance with a preferred embodiment of the present 
invention. 

0024 FIG. 12 illustrates a schematic view of a digital 
board and a power Supply daughter board included in an 
ultrasound processing unit in accordance with a preferred 
embodiment of the present invention. 

0025 FIGS. 13A-13B illustrate the pin assignment of an 
electrically erasable programmable read only memory 
(EEPROM) and an electrically programmable read only 
memory integrated circuits, respectively, that can be 
included in the ultrasound processing unit in accordance 
with a preferred embodiment of the present invention. 

0.026 FIG. 14 illustrates a semiconductor one-wire iden 
tification integrated circuit chip installed in transducer 
assemblies in accordance with a preferred embodiment of 
the present invention. 

0027 FIG. 15A illustrates a view of a graphical user 
interface display Screen showing the appropriate transducer 
parameters upon connection of a transducer probe with the 
ultrasound processing unit in accordance with a preferred 
embodiment of the present invention. 
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0028 FIG. 15B illustrates in tabular from characteristics 
of the ID chip system. 
0029 FIG. 15C illustrates a process sequence using the 
ID chip system. 

0030 FIG. 15D shows a schematic circuit diagram for a 
multiple connector assembly in accordance with the inven 
tion. 

0031 FIG. 15E illustrates a schematic circuit diagram 
for a multiplexed multiconnector System for transducer 
arrayS. 

0032 FIG. 15F illustrates another preferred schematic 
circuit diagram for a multiconnector System for transducer 
arrayS. 

0033 FIG. 16 illustrates an ultrasound processing unit 
and an ultrasound transducer connector in accordance with 
a preferred embodiment of the present invention. 
0034 FIGS. 17A and 17B illustrate views of an ultra 
Sound transducer connector assembly in accordance with a 
preferred embodiment of the present invention. 
0035 FIG. 18 is an exploded view of the ultrasound 
transducer connector assembly illustrated in FIGS. 17A and 
17B in accordance with a preferred embodiment of the 
present invention. 

0.036 FIGS. 19A, 19B and 19C illustrate detailed views 
of the ultrasound transducer connector assembly including 
Sectional views in accordance with a preferred embodiment 
of the present invention. 

0037 FIG. 20 illustrates a view of an ultrasound pro 
cessing unit with an ultrasound transducer connector assem 
bly having a lock in accordance with a preferred embodi 
ment of the present invention. 
0038 FIGS. 21A and 21B illustrate a close-up view of 
an ultrasound transducer connector assembly inserted into a 
ultrasound processing unit and a cut-away view of the 
inserted ultrasound transducer connector assembly, respec 
tively, showing a sliding lever in accordance with a preferred 
embodiment of the present invention. 

0039 FIGS. 22A and 22B illustrate views of an ultra 
Sound transducer connector assembly inserted into an ultra 
Sound processing unit having a lever to Secure the connector 
assembly in accordance with a preferred embodiment of the 
present invention. 

0040 FIGS. 23A and 23B illustrate further details of the 
lever and an exploded view of the lever assembly of an 
ultrasound processing unit in accordance with a preferred 
embodiment of the present invention. 

0041 FIGS. 24A-24D illustrate different views of the 
ultrasound processing unit showing the ultrasound trans 
ducer connector assembly in accordance with a preferred 
embodiment of the present invention. 

0042 FIG. 25 illustrates a view of the ultrasound pro 
cessing unit showing a partial view of the lever for the 
transducer connector assembly in accordance with a pre 
ferred embodiment of the present invention. 
0043 FIGS. 26A and 26B illustrate further views of the 
ultrasound processing unit showing the ultrasound trans 
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ducer connector assembly in accordance with a preferred 
embodiment of the present invention. 
0044 FIGS. 27A-27C illustrate views of an ultrasound 
transducer connector in accordance with a preferred embodi 
ment of the present invention. 
004.5 FIGS. 28A-28C illustrate views of an alternate 
embodiment of an ultrasound transducer connector in accor 
dance with the present invention. 
0.046 FIG. 29 illustrates a schematic view of an ultra 
Sound System including an ultrasound console having a 
remote hardware keypad in accordance with a preferred 
embodiment of the present invention. 
0047 FIG. 30 illustrates a schematic diagram of an 
ultrasound console in accordance with a preferred embodi 
ment of the present invention. 
0048 FIGS. 31A-31F illustrate preferred embodiments 
of a modular ultrasound imaging System in accordance with 
the invention. 

0049 FIGS. 32A-32D illustrate a preferred cart system 
for use in embodiment of a conjunction with a modular 
ultrasound imaging System in accordance with the inventors. 
0050 FIG. 33 illustrates a modular system having a 
plurality of transducer connectors. 
0051 FIG. 34 is a schematic circuit diagram of a modu 
lar cart System in accordance With a preferred embodiment 
of the invention The foregoing and other objects, features 
and advantages of the invention will be apparent from the 
following more particular description of preferred embodi 
ments of the invention, as illustrated in the accompanying 
drawings in which like reference characters refer to the same 
parts throughout the different views. The drawings are not 
necessarily to Scale, emphasis instead being placed upon 
illustrating the principles of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.052 Preferred embodiments of the present invention 
include modular, portable ultrasound Systems that can be 
used as a Stand-alone System. The preferred embodiments 
integrate the display with the processing unit which is then 
connected to different ultrasound transducer probes. Pre 
ferred embodiments as described in U.S. patent application 
Ser. No. 10/386,360, filed on Mar. 11, 2003, the entire 
teachings of which are incorporated herein by reference, 
include a display integrated on the ultrasound transducer. 
The operator can easily view the image and operate the 
probe or Scan head, as well as perform operations in the 
Same local area with the other hand. The data/video pro 
cessing unit is also compact and portable, and may be placed 
close to the operator or alternatively at a remote location. 
Optionally, in another embodiment, a display is also inte 
grated into the data/video processing unit. The processing 
unit also provides an external monitor port for use with 
traditional display monitors. 
0053 FIG. 1 illustrates a preferred embodiment of a 
portable ultrasound imaging System 10 including a hand 
held ultrasound transducer with integrated display and a 
portable processing unit. The ultrasound transducer 14 com 
prises any of the Standard ultrasound transducer arrayS. The 
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interface 12 deliverS Signals from the array 14 to an interface 
processor housing 16 that can include a System controller 
and beam former as described in detail below. A second cable 
interface 11 can include a Firewire (IEEE 1394) connection 
delivering a beam formed representation for further proceSS 
ing to a personal computer 15. 
0054 FIG. 2 illustrates a modular portable system hav 
ing an ultrasound transducer connected to a processing and 
display unit in accordance with the present invention. In this 
preferred embodiment, the video and power wires for the 
display are integrated with the transducer data wires for the 
transducer to form a single cable assembly 24 that connects 
the ultrasound transducer to the portable data/video proceSS 
ing unit 26. 
0055. The data/video processing unit 16 is compact and 
portable. In a preferred embodiment, the beam former elec 
tronicS is an integral part of the processing unit and com 
municating with a Single board computer 110 using a 
Firewire (IEEE 1394) cable as illustrated in FIG. 4A. 
0056 FIG. 3 illustrates the single board computer and 
beam former circuits that form the processing unit in accor 
dance with a preferred embodiment of the present invention. 
FIGS. 4A and 4B illustrate block diagrams of preferred 
embodiments of a modular, portable ultrasound System 
including a hand-held transducer assembly interfacing with 
a processing unit in accordance with the present invention. 
0057. In a preferred embodiment, the beam former elec 
tronicS is moved inside the processing unit to further reduce 
the size and weight of the hand-held transducer as illustrated 
in FIG. 4B. The processing unit 138 can comprise a compact 
Single board 44 computer and the beam former electronics as 
illustrated in FIG. 3. The beam former electronics includes a 
digital processing printed circuit board and an analog pro 
cessing printed circuit board 48. The beam forming electron 
ics communicates with the Single board computer via a 
Firewire (IEEE 1394) chip. 
0058 An operating environment for the system includes 
a processing System with at least one high Speed processing 
unit and a memory System. In accordance with the practices 
of perSons Skilled in the art of computer programming, the 
present invention is described with reference to acts and 
Symbolic representations of operations or instructions that 
are performed by the processing System, unless indicated 
otherwise. Such acts and operations or instructions are 
Sometimes referred to as being “computer-executed”, or 
“processing unit executed.” 
0059. It will be appreciated that the acts and symbolically 
represented operations or instructions include the manipu 
lation of electrical Signals by the processing unit. An elec 
trical System with data bits causes a resulting transformation 
or reduction of the electrical Signal representation, and the 
maintenance of data bits at memory locations in the memory 
System to thereby reconfigure or otherwise alter the proceSS 
ing unit's operation, as well as other processing of Signals. 
The memory locations where data bits are maintained are 
physical locations that have particular electrical, magnetic, 
optical, or organic properties corresponding to the data bits. 

0060. The data bits may also be maintained on a com 
puter readable medium including magnetic disks, optical 
disks, organic disks, and any other Volatile or non-volatile 
mass Storage System readable by the processing unit. The 
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computer readable medium includes cooperating or inter 
connected computer readable media, which exist exclusively 
on the processing System or is distributed among multiple 
interconnected processing Systems that may be local or 
remote to the processing System. 
0061. In an embodiment, the compact single board com 
puter has a printed circuit board size of a 5/4 inch disk drive 
or a 3% inch disk drive. One embodiment of the present 
invention uses a NOVA-7800-P800 single board computer 
in a 5/4 inch form factor, with a low power Mobile Pentium 
III 800 MHz processor, 512 Mbytes of memory, and has on 
board interface ports for Firewire (IEEE 1394), local area 
network (LAN), Audio, integrated device electronics (IDE), 
personal computer memory card international association 
(PCMCIA) and Flash memories. 
0.062 For some dedicated applications, the entire ultra 
Sound System includes the hand-held ultrasound transducer 
with an integrated display and the portable data/video pro 
cessing unit. The System can be operated without any 
controls other than power on/off. For other applications, the 
System is equipped with an optional operator interface Such 
as buttons and knobs, either on the processing unit, or 
integrated in the transducer assembly, or both. The proceSS 
ing unit can provide an additional Video output to drive an 
external monitor, or optionally an integrated display on the 
processing unit itself. 
0063) The microprocessor in FIG. 4B provides the func 
tionality for down conversion, Scan conversion, M-mode, 
Doppler processing, color flow imaging, power Doppler, 
Spectral Doppler and post signal processing. 
0.064 FIG. 4C illustrates a single chip, N-channel time 
multiplexed beam forming processor with on-chip apodiza 
tion and bandpass filter in accordance with a preferred 
embodiment of the present invention. Beamforming circuits 
in accordance with preferred embodiments are described in 
U.S. Pat. No. 6,379,304, issued on Apr. 30, 2002, the entire 
teachings of which are incorporated herein by reference. 
0065 FIG. 5A illustrates a view of a standalone portable 
ultrasound processing and display unit in accordance with a 
preferred embodiment of the present invention. The pro 
cessing unit includes a motherboard Single board computer. 
In a preferred embodiment, the motherboard has the follow 
ing requirements that are fulfilled by a Pentium M., 512 MB 
of RAM or more, 10 GB hard drive, hard drive-free con 
figuration. It includes a flash memory (approximately 1 GB) 
with a larger RAM (approximately 1 GB). The display that 
can be integrated into the processing unit may include a 
10-inch or 12-inch display, having 1024x768 resolution, 200 
Nits brightness as a minimum (after touch screen), 250 
desirable, 400:1 contrast ratio, and have a large viewing 
angle. The ultrasound module can be connected using a 6 pin 
Firewire connection. The ultrasound module operates with 
12 watt as maximum power. 
0.066 The graphical user interface includes a touch 
Screen having no drift, and providing for finger operation (no 
RF pens). The ports for the processing unit include at least 
2 universal serial bus (USB) ports to connect an external 
keyboard, mouse, CDW, and an Ethernet port. The process 
ing unit provides for battery operation, two hours minimum 
at peak processing power of 7 watt required for ultrasound. 
0067. A preferred embodiment of the processing unit 
provides for modularity with a removable processing unit 
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208 residing inside the ultrasound system. An ultrasound 
control pad module 212 and custom keyboard 204 can be 
made removable or configurable. The module 200 itself can 
also be used as an outside remote control module (USB or 
wireless) or as an OEM building block. The display module 
202 can be made configurable (10-inch or 12-inch), Sun 
readable or configurable with different platforms. The mod 
ule has a stand, as illustrated in FIG. 7. There is a protective 
cover for the display and controls in accordance with a 
preferred embodiment of the present invention. The unit 
may be re-used as a Stand. A probe holder may be located on 
the Side or on the top of the unit. In alternate preferred 
embodiments, the probe holder may also be engaged from 
the side when needed. The probe holder is easy to clean. A 
handle is provided for ease of carrying the unit. A universal 
mount that accommodates different holders, for example, 
tripods, arms, Stands, is provided in accordance with a 
preferred embodiment of the present invention. The ultra 
Sound unit can be docked and is rugged. 
0068 FIG. 5B illustrates an exploded view of the ultra 
sound processing and display unit shown in FIG. 5A in 
accordance with a preferred embodiment of the present 
invention. The unit 200 includes the modular display 202, 
the ultrasound processing unit 208 that includes the beam 
forming circuitry, a keyboard 204, a control pad module 204, 
a battery module 206 and the single board computer 214. 
0069 FIGS. 6A and 6B illustrate a 10-inch and 12-inch 
display, respectively, that can be included in an ultrasound 
Stand-alone unit in accordance with a preferred embodiment 
of the present invention. As described hereinbefore, the 
display in accordance with a preferred embodiment of the 
present invention provides a resolution of 1024x768 and a 
large Viewing angle. 

0070 FIG. 7 is a side view of an ultrasound processing 
and display unit having a Stand in accordance with a 
preferred embodiment of the present invention. 
0071 FIGS. 8A-8B illustrates views of a single board 
computer included in the ultrasound Stand alone unit in 
accordance with a preferred embodiment of the present 
invention. FIG. 8A illustrates a view of a single board 
computer 270 used in the ultrasound portable unit including 
the interface ports. The interfaces include Video graphics 
adapter (VGA) 281, a local area network (LAN) interface 
282, a IEEE 1394 interface 283 and a PS/2 bus interface 284 
which has a microchannel architecture. Further, the inter 
faces include a universal serial bus (USB) interface 285, a 
COM1 interface 286 which is a serial communications port, 
a Personal Computer Memory Card International Associa 
tion (PCMCIA) interface 297 for PC-cards and a CFII 
interface 288. FIG. 8B illustrates a view 300 of an embed 
ded mobile Pentium III processor single board computer 
with interfaces for VGA, LAN, audio, IEEE and video 
capture. 

0072 FIG. 9 illustrates a view of the configuration 310 
of the computer boards in a Stand alone ultrasound unit in 
accordance with a preferred embodiment of the present 
invention. An analog board 312 is Spaced from a digital 
board 322. A transducer Socket 314 having a at least a 160 
pin Socket is provided. A power Supply daughter board 320 
is provided and Spaced from the analog and digital boards by 
a separator 316. A plurality of interfaces are also provided, 
for example, IEEE 1394 interface 318, and a Deutsch 
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Industrie Norm (DIN) connector 324 which is a multipin 
connector conforming to the Specifications of the German 
National Standards Organization. 
0073 FIGS. 10A-10F illustrate views of the ultrasound 
processing unit configured for different applications Such as 
different processing unit configured in different applications 
Such as different original engineering manufacture (OEM) 
configurations and Stand alone configurations in accordance 
with a preferred embodiment of the present invention. A 
preferred embodiment includes the motherboard, display 
driver and ultrasound interface in the housing with the 
provisions for plug-in transducer arrayS. An alternate 
embodiment includes Stand-alone unit with a plug-in trans 
ducer array. 
0074 FIG. 10A illustrates an OEM configuration having 
a basic aluminum box with mounting holes. FIG. 10B 
illustrates the ultrasound processor inside a housing. FIG. 
10C illustrates the ultrasound processing unit inside a PC 
drive bay. FIG. 10D illustrates an OEM configuration with 
FIG. 10E is a view of a stand-alone configuration three 
transducer connectors. A multiplexor can be used to Select 
which connector Signals are being processed. having an 
OEM housing, a single board computer, a LCD, and a 
battery module. FIG. 10F illustrates the processing unit that 
can be connected in an OEM configuration or be a Stand 
alone unit. 

0075 An interlock is included to sense if a probe is 
present and to determine the calibration coefficient in accor 
dance with a preferred embodiment of the present invention. 
A one wire identification (ID) chip for identifying the 
transducer is included in accordance with a preferred 
embodiment of the present invention. The computer can be 
pre-programmed with Signal conditioning for each probe in 
accordance with a preferred embodiment of the present 
invention. By effectively connecting the probe, the circuit 
identifies the probe and accesses the pre-programmed con 
ditions for that probe. Calibration coefficients are stored for 
each probe in the memory of the processing unit. The System 
can include multiple connection ports that allows for the 
connection of two or three probes to one System using a 
multiplexed interface. 
0.076 FIG. 11 illustrates a schematic drawing of an 
analog board included in an ultrasound processing unit in 
accordance with a preferred embodiment of the present 
invention. A transducer connector is accommodated in 
region 452. 
0077 FIG. 12 illustrates a schematic view of a digital 
board 470 and a power supply daughter board 472 included 
in an ultrasound processing unit in accordance with a 
preferred embodiment of the present invention. Also pro 
vided is a mini-DIN interface 474, and IEEE 1394 interfaces 
476, 484. 
0078 FIGS. 13A-13B illustrate the pin assignment of an 
electrically erasable programmable read only memory 
(EEPROM) and an electrically programmable read only 
memory integrated circuits, respectively, that can be 
included in the ultrasound processing unit in accordance 
with a preferred embodiment of the present invention. 
007.9 FIG. 13A illustrates a 4096 bits, one-wire 
EEPROM that assures absolute identity as no two parts are 
alike. The memory is partitioned into Sixteen 256-bit pages 
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for packetizing data. This EEPROM identifies and stores 
relevant information about each ultrasound transducer to 
which it is associated. It is easily interfaced with using a 
Single port pin of a microcontroller. The 4. Kb, one-wire 
EEPROM can be, for example, but not limited to a DS2433 
circuit provided by Dallas Semiconductor. 
0080 FIG. 13B illustrates, for example, a DS2502/5/6 
UNW UniqueWare TM add only memory chip provided by 
Dallas Semiconductor. The EPROM can be a 1024 bits, 16 
kbits or 65 kbits memory and can communicate with the 
economy of one signal plus ground. 

0081 Preferred embodiment of the medical ultrasound 
Systems use many transducers depending upon the applica 
tion. These Systems also identify which transducer is 
attached at any given time in accordance with a preferred 
embodiment of the present invention. 
0082 In addition to identifying the transducer type, pre 
ferred embodiments also identify the individual probe of the 
Same type, Such that calibration information can be associ 
ated with a particular probe. The one-wire ID circuits 
described with respect to FIGS. 13A and 13B provide 
identification of each transducer and corresponding calibra 
tion information by installing the Semiconductor one-wire 
identification chips in each transducer assembly as shown in 
FIG. 14. FIG. 14 illustrates a semiconductor one-wire 
identification integrated circuit chip installed in transducer 
assemblies in accordance with a preferred embodiment of 
the present invention. 
0083. Each ID chip has a unique serial number, plus a 
Writable/readable memory for Storage of calibration or addi 
tional identification data. In an ultrasound application of a 
preferred embodiment, the Serial number and probe type 
information are accessed from memory upon probe inser 
tion. The information is used to call up the appropriate 
transducer parameters and the new probe is then made 
available to the user on the display screen, as shown in FIG. 
15A. FIG. 15A illustrates a view of a graphical user 
interface display Screen showing the appropriate transducer 
parameters upon connection of a transducer probe with the 
ultrasound processing unit in accordance with a preferred 
embodiment of the present invention. 
0084. In addition to the identification, each transducer is 
unique and it is desirable to calibrate out these differences in 
accordance with a preferred embodiment of the present 
invention. Therefore, Software executable instructions are 
provided by the ultrasound applications control for Storing 
and retrieving individual calibration data to the ID chip. 
Examples of calibration differences can include electrical, 
acoustic and mechanical differences. These may be used, but 
are not limited to, procedures Such as mounting of needle 
guides for biopsy, three-dimensional positioning Sensing 
devices and transducer element variation calibration. 

0085. A method of probe type identification is usually 
provided by using multiple connector pins which are tied to 
logic Zero or one. To differentiate between 32 probe types, 
5 connector wires are required. In the one-wire method, only 
a single wire is required, and the data is passed between the 
probe and the host System Serially. 

0086 The invention incorporates a read/writable non 
volatile memory chip (ID chip) in the transducer termination 
board, as shown in FIG. 14. An example of the memory chip 
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is the Dallas Semiconductor DS2433 One-wire Idenfication 
chip with 4096 bits of non-volatile storage. Other non 
volatile read/writable memory can be used, but the One-wire 
chip has the advantage of using only one signal wire and one 
ground wire, and does not require additional pins for power 
Supply. The identification circuit can also include a radio 
frequenge wireleSS link that connects to the probe housing to 
identify the type of probe Sending data to the ultrasound 
System. 

0087. The memory of the ID chip is organized as 128 
words of 32 bits wide, divided into four segments: The 
IDENTIFICATION segment, the USAGE segment, the 
FACTORY segment and the USER segment shown in FIG. 
15B. 

0088. The IDENTIFICATION segment holds the infor 
mation which identifies the transducer type and hardware 
revision and Serial number. The Ultrasound Application 
reads these information when a transducer is attached to a 
System and performs the appropriate Set up based on the 
transducer type and hardware revisions. This Segment is 
written at the factory and is not modifiable by the user. 
0089. The USAGE segment holds the statistical informa 
tion about the usage of the transducer. The first entry logs the 
Serial number and date when the transducer is first used 
outside of the factory (the Inauguration System Serial # and 
Date code). The Second and third entries in this segment logs 
the Serial number and the date of the two Systems most 
recently the transducer was attached to. The Date Code 
values are Julian date of the conection date minus the Julian 
date of Jan. 1, 2000. The 16 bit date code field can Sotre dates 
of more than a century starting from the year 2000. The 16 
but date code filed can Store dates of more than a century 
starting from the year 2000. The fourth word of the USAGE 
Segment is a counter which increments once per 5 minutes 
when a transducer is attached and activated in a System. 
These statistical information are updated in the field by the 
Ultrasound Application Software, and is not modifiable by 
the user. The values are Set to ZeroS before the transducer 
leaves the factory. These Statistical information are read and 
recorded when a transducer is returned to the factory for 
Service. 

0090 The FACTORY segement holds the factory cali 
bration information for the transducer. Examples of factory 
calibration data are the per element gain and propagation 
delay fine adjustments. When a transducer is attached and 
activated by the Ultrasound Application, the application first 
reads the transducer ID information from the IDENTIFI 
CATION Segment and loads up the appropriate Set ups for 
that particular transducer type. The application then reads 
the FACTORY segement and applies the fine adjustments to 
the transducer Set up. This Segment is written at the factory 
and is not modifiable by the user. 
0091. The USER segment is reserved for the end user to 
Store post-factory calibration data. Example of post-factory 
calibration data are position information of needle guide 
brackets and 3-D position sensing mechanism. The USER 
Segment is the only Segment which the user application 
Software can modify. 

0092 FIG. 15C shows the software flow-chart of a 
typical transducer management module within the ultra 
Sound application program. 
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0093. When a TRANSDUCER ATTACHE event is 
detected, the Transducer Management Software Module first 
reads the Transducer Type ID and hardware revision infor 
mation from the IDENTIFICATION Segment. The infor 
mation is used to fetch the particular Set of transducer profile 
data from the hard disk and load it into the memory of the 
application program. The Software then reads the adjustment 
data from the FACTORY Segment and aplies the adjust 
ments to the profile data just loaded into memory. The 
Software module then sends a TRANSDUCER ATTACHE 
Message to the main ultrasound application program, which 
uses the transducer profile already loaded and perform 
ultrasound imaging. The Transducer Management Software 
Module then waits for either a TRANSDUCER DETACH 
event, or the elapse of 5 minutes. If a TRANSDUCER 
DETACH is detected, the transducer profile data set is 
removed from memory and the module goes back to wait for 
another TRANSDUCER ATTACHE event. If a 5 minutes 
time period expires without TRANSDUCER DETACH, the 
Software module increments the Cumulative Usage Counter 
in the USAGE Segment, and waits for another 5 minutes 
period or a TRANSDUCER DETACH event. 
0094. There are many types of ultrasound transducers. 
They differ by geometry, number of elements, and frequency 
response. For example, a linear array with center frequency 
of 10 to 15 MHz is better Suited for breast imaging, and a 
curved array with center frequency of 3 to 5 MHz is better 
Suited for abdominal imaging. 
0095. It is often necessary to use different types of 
transducers for the same or different ultrasound Scanning 
Sessions. For ultrasound Systems with only one transducer 
connection, the operator will change the transducer prior to 
the Start of a new Scanning Session. 
0096. In some applications, it is necessary to Switch 
among different types of transducers during one ultrasound 
Scanning Session. In this case, it is more convenient to have 
multiple transducers connected to the same ultrasound Sys 
tem, and the operator can quickly Switch among these 
connected transducers by hitting a button on the operator 
console, without having to physically detach and re-attach 
the transducers, which takes a longer time. 
0097. The Switching among different connected transduc 
ers can be implemented either by arrays of relays 554 as seen 
in FIG. 15E, or by arrays of high voltage Multiplexer 
integrated circuits 556, as seen in FIG. 15F (Switching 
between two 128 elements transducers). These relays or 
MUXVIC's form an additional layer of circuits between the 
ultrasound transmitter/receiver circuits and the transducer 
COnnectOrS. 

0098. The present invention utilizes a system that per 
formed a method of multi-transducer Switching using mul 
tiple Transmit/Receive integrated circuits 562, 564 as seen 
in FIG. 15D, without the use of relays or commercial 
multiplexer integrated circuits. A typical two transducer 
Switching circuit using an integrated circuits in accordance 
with the invention deliver Signals to the amplifier and 
beam former circuit 565. 

0099. The Transmit/Receive integrated circuit includes 
multiple channel devices with a programmable waveform 
generator and high Voltage driver for each transducer ele 
ment, and a receive routing circuit for each element pair. The 
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receive output is programmable to receive from transducer 
element 566 or 568 of the element pair, or turned off. The 
outputs of multiple integrated circuits are wired together. 
Connection to diferent transducers in the same System is 
achieved by programming the On/Off states of individual 
receive channels amoung the multiple integrated circuits, 
and by programming the transmit Sequence of each of the 
transmit channels on all of the integrated circuits. 
0100. One advantage of this approach is the higher inter 
gration over the use of commercial available relays and 
multiplexer chips, especially when compared to a relay 
Switching approach, because relays are mechanical devices 
and are generally larger. There are two versions of these, 
Transmit/Receive integrated circuits, one version has 64 
transducer element channels and another version has 32 
transducer channels. This high channel count integration of 
at least 32 channels combined with the small high pin 
density transducer connector, allows implementation of a 
multiple transducer configuration in a very compact size. 
0101 Another advantage is the elimination of an extra 
circuit layer, when compared to the multiplexer chips 
approach. Typical commercial multiplexer chips Suitable for 
ultrasound channel Switching typically have an ON resis 
tance of greater than 20 ohms (example, Supertex 
HV20220), and therefore have measureable attenuation of 
both the transmit and receive signals compared with a direct 
connection in a single transducer System. The present 
approach has identical transmit/receive circuit for Single 
transducer System, or multiple transducers System, with no 
additional Signal attenuation resulting from adding the mul 
tiple transducerS Switching function. 
0102 Yet another advantage of the present approach is 
the added ability to operate a very large element count 
transducer with a true full transmit aperture. For example, a 
128 channel ultrasound engine can operate a 768 element 
linear array by adding a one to six multiplexer array. A 
traditional implementation using relays of multiplexers can 
Switch among Six Segements of 128 elements each acroSS the 
entire 768 elements at any one time. The present approach 
will have 768 programmable transmitter, and therefore can 
use any size of transmit aperture anywhere on transducer 
array, including using the entire 768 element at the same 
time. The ability to use larger than 128 element transmit 
aperture allows the ultrasound System to have better pen 
etration and resolution, compared to Systems that are limited 
to 128. 

0103 FIG. 16 illustrates an ultrasound processing unit 
and an ultrasound transducer connector in accordance with 
a preferred embodiment of the present invention. An ultra 
Sound transducer is coupled to its associated ultrasound 
processing unit 572 via a cable, which is routed into an 
ultrasound transducer connector assembly 574 and, mates 
with a corresponding terminal located on ultrasound con 
Sole. A sliding lever is included to Secure the connector to the 
processing unit. 

0104 FIGS. 17A and 17B illustrate views of an ultra 
Sound transducer connector assembly in accordance with a 
preferred embodiment of the present invention. The ultra 
Sound transducer connector assembly 18 shows a connector 
housing. FIG. 18 is an exploded view of the ultrasound 
transducer connector assembly illustrated in FIGS. 17A and 
17B in accordance with a preferred embodiment of the 
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present invention. An electrical connector 606 may have 160 
contacts or more. The connector assembly housing 604, 610 
interfaces with a cable 602 which in turn is coupled to an 
ultrasound transducer. 

01.05 FIGS. 19A, 19B and 19C illustrate detailed views 
of the ultrasound transducer connector assembly including 
Sectional views in accordance with a preferred embodiment 
of the present invention. A cable 640 is attached to a first end 
of connector housing element 630. A close-up view 620 of 
connector assembly element 620 is seen in FIG. 19A. Aside 
view 650 is shown in FIG. 19C. 

0106 The movable connector component has electrical 
contacts that mate with the Stationary connector component 
having Stationary electrical contacts on the processing unit. 
For mating, the movable connector component is brought 
towards the Stationary connector component. Initially, there 
is a gap Separating the movable electrical contacts from 
Stationary electrical contacts, So that the contacts are not 
Subjected to any friction or insertion force. A locking mecha 
nism draws in the movable connector component which is 
received in a receSS of the Stationary connector component. 
The lever slides from right to left causing the movable 
connector component to close into the receSS and contact the 
corresponding Stationary electrical contacts to make an 
electrical connection. The ultrasound transducer connectors 
minimize the physical StreSS exerted upon their electrical 
contacts, thus avoiding wear and potential damage to the 
COntactS. 

0107 FIG. 20 illustrates a view of an ultrasound pro 
cessing unit with an ultrasound transducer connector assem 
bly 674 having a lock 672 in accordance with a preferred 
embodiment of the present invention. FIGS. 21A and 21B 
illustrate a close-up view of an ultrasound transducer con 
nector assembly inserted into a ultrasound processing unit 
and a cut-away view of the inserted ultrasound transducer 
connector assembly, respectively, showing a sliding lever in 
accordance with a preferred embodiment of the present 
invention. The connector is drawn in the end of the housing 
when inserted and locked and is ejected when detached. The 
connector assembly in accordance with a preferred embodi 
ment of the present invention allows for a one-hand opera 
tion. A preferred embodiment of the present invention 
includes a sash lock similar to a window lock. The lever 
includes a lever action which also yields a significant 
mechanical advantage as it translates insertion force to a 
lateral action of the lock. The lever for the connector 
assembly is resistant to abusive use as it has rails which act 
with the lever to eliminate twists applied to the connector. A 
rotating catch is used to eject the connector after use. 
0108 FIGS. 22A and 22B illustrate views of an ultra 
Sound transducer connector assembly inserted into an ultra 
sound processing unit 700 having a lever 732 shown in the 
detailed portion 720, to secure the connector assembly in 
accordance with a preferred embodiment of the present 
invention. 

0109 FIGS. 23A and 23B illustrate further details 730 of 
the lever 732 and an exploded view 740 of the lever 
assembly of an ultrasound processing unit in accordance 
with a preferred embodiment of the present invention. The 
lever assembly includes a Spring 742 which being a resilient 
member, assists in drawing the lever 744 into the locked 
position. 
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0110 FIGS. 24A-24D illustrate several views of the 
ultrasound processing unit showing the ultrasound trans 
ducer connector assembly in accordance with a preferred 
embodiment of the present invention. Circuit boards are 
mounted in FIGS. 24B and 24C along with the connector 
assembly in accordance with the invention. 
0111 FIG. 25 illustrates a view of the ultrasound pro 
cessing unit 800 showing a partial view of the lever for the 
transducer connector assembly in accordance with a pre 
ferred embodiment of the present invention. 
0112 FIGS. 26A and 26B illustrate further views 810, 
820 of the ultrasound processing unit showing the ultra 
Sound transducer connector assembly in accordance with a 
preferred embodiment of the present invention. 
0113 FIGS. 27A-27C illustrate views of an ultrasound 
transducer connector in accordance with a preferred embodi 
ment of the present invention. In a preferred embodiment the 
maximum Voltage of the ultrasound transducer connector 
can be 100 volts. The connector can include 160 or 240 pins 
or more. The base plate protects the pins and rises up into 
position during printed circuit board insertion. In one 
embodiment the connector assembly includes, but is not 
limited to, a Molex(R) 53941 right angle docking station 
board-to-board Shielded plug. 
0114 FIGS. 28A-28C illustrate views of an alternate 
embodiment of an ultrasound transducer connector in accor 
dance with the present invention. In this preferred embodi 
ment the connector assembly includes, but is not limited to, 
a Molex(R) 54145 right angle docking station board-to-board 
Shielded receptacle. Alternatively, a moleXOR3441 connector 
can be used. The Specification of these connectors being 
incorporated herein by reference. These a Small high density 
pin connectors having a pin pitch of less than 1 mm, and 
preferably 0.8 mm or less. The connectors can have 160 
pins, 192 pins, 250 pins or more. When this system is used 
in connection with the insertion and release mechanism 
described in connection with FIGS. 20-26, this provides a 
Secure and reliable connection assembly that fits within a 
Smaller and lighter assembly for portable applications. Note 
that there is a probe present pin is an interlock to indicate 
that a probe has been inserted correctly. 
0115 FIG. 31 illustrates a schematic view of an ultra 
Sound System including an ultrasound console having a 
remote hardware keypad in accordance with a preferred 
embodiment of the present invention. The System includes a 
console 950 connected with a USB/PS/2 interface to a host 
computer 960. 

0116 FIG. 32 illustrates a schematic diagram of an 
ultrasound console in accordance with a preferred embodi 
ment of the present invention. A universal serial bus (USB) 
console is used for a remote hardware keypad. This hard 
ware user interface in accordance with a preferred embodi 
ment of the present invention displaces a Software graphical 
user interface and allows any ultrasound imaging control 
function to be accessed via a control keypad. The controls 
are communicated with a host computer through a USB port. 
0117. In a preferred embodiment, the ultrasound console 
includes a USB device and USB Driver which is imple 
mented with a FTDI USB245M controller chip, for example. 
This integrated chip is simple as it can be integrated into the 
console without requiring a custom device driver. The USB 
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Console uses the FTDI supplied dynamic link library (DLL) 
device driver in accordance with a preferred embodiment of 
the present invention. 

0118. The console in accordance with a preferred 
embodiment of the present invention is made up of at least 
four types of hardware functions: buttons, potentiometers, 
trackball, and LEDs. The buttons are momentary Switches. 
The architecture in accordance with a preferred embodiment 
of the present invention allows for 128 buttons. The poten 
tiometers are either linear Slide potentiometers for time gain 
control (TGC), or rotary dials for GAINs. Each potentiom 
eter can have a position reading between 0 and 255. A digital 
potentiometer with clickers is considered to be a button, not 
a potentiometer in the preferred embodiments. One embodi 
ment includes 11 potentiometers: 8 Slide Switches numbered 
from 0 to 7, for TGC and three rotary dial potentiometers 
numbered 8 to 10. 

0119). In a preferred embodiment, a trackball is a stand 
alone unit which communicates with the host System via a 
PS/2 interface or USB interface. The trackball may go to the 
host system directly, or combined with the console the USB 
interface via a USB hub. 

0120 In a preferred embodiment, light emitting diodes 
(LEDs) are provided on the console and can be individually 
addressed to turn on or off. A preferred embodiment has 8 
LEDs, numbered from 0 to 7, and the LEDs are located at 
the buttons #0 to 7 respectively. 

0121 A preferred embodiment includes a software inter 
face protocol from the console to a host system. When a 
button is pressed or a potentiometer position is changed, a 
three byte message is Sent from the console to the host. 
Tables 1 and 2 illustrate, respectively, the message Sent by 
using a button and a potentiometer in accordance with a 
preferred embodiment of the present invention. 

TABLE 1. 

Button Message 

Bit 7 6 5 4 3 2 1. O 

Byte #0 1. 1. 1. 1. 1. 1. 1. 1. 
Byte #1 O Button number 
Byte #2 X X X X X X X X 

0122) 

TABLE 2 

Potentiometer Message 

Bit 7 6 5 4 3 2 1. O 

Byte #0 1. 1. 1. 1. 1. 1. 1. 1. 
Byte #1 O Potentiometer number 
Byte #2 Potentiometer position value 

0123 The host may send a “Query' command to the 
console, and the console responds by Sending Potentiometer 
Messages for every potentiometer on the console in accor 
dance with a preferred embodiment of the present invention. 
Messages can be sent back-to-back in a preferred embodi 
ment. 
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0.124. A preferred embodiment also includes a software 
interface protocol from a host System to a console. The host 
can Send messages to the console to turn LEDs on/off, or to 
query the current readings of every potentiometer. Tables 3, 
4 and 5 provide the LED-On message, LED-Off message 
and a query message, respectively, in accordance with a 
preferred embodiment of the present invention. 

TABLE 3 

LED-ON Message 

Bit 7 6 5 4 3 2 1. O 

Byte #0 1. 1. 1. 1. 1. 1. 1. 1. 
Byte #1 O O O O O O O 1. 
Byte #2 O LED number 

0125) 

TABLE 4 

LED-OFF Message 

Bit 7 6 5 4 3 2 1. O 

Byte #0 1. 1. 1. 1. 1. 1. 1. 1. 
Byte #1 O O O O O O 1. O 
Byte #2 O LED number 

0126) 

TABLE 5 

Query Message 

Bit 7 6 5 4 3 2 1. O 

Byte #0 1. 1. 1. 1. 1. 1. 1. 1. 
Byte #1 1. O O O O O O O 
Byte #2 O X X X X X X X 

0127 FIG.30 illustrates the USB console for remote key 
pad in accordance with a preferred embodiment of the 
present invention. It is a hardware user interface and allows 
any ultrasound imaging control function to be accessed via 
a “traditional” control key pad. The control keys include, 
trackball with right and left enter keys, dedicated Freeze/live 
key, dedicated Save key, 8 Slide potentiometers each with a 
lateral movement to control the TGC gain, dedicated overall 
B-mode gain control pot, dedicated overall Color Flow 
Imaging gain control potentiometer, dedicated overall 
Pulsed Wave Spectral Doppler gain control pot, dedicated 
B-mode selection key, dedicated Power Doppler-mode 
Selection key, dedicated Color Flowing Imaging-mode 
selection key, dedicated Pulsed Wave Spectral Doppler 
Selection key, dedicated M-mode Selection key, and dedi 
cated Triplex Selection key. 

0128. An LED is provided on each mode selection key. 
Once a mode is Selected by a user, the Selected mode-control 
key lights up. 

0129. The basic module system of the present invention 
is an external peripheral 16, 26 to a personal computer as 
shown generally in FIGS. 1-3 or a basic system configura 
tion of the system pairs it with an off-the-shelf notebook 
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computer with a firewire port. An important advantage of 
this configuration is that the System gets its power from the 
notebook computer via the single Firewire cable. No addi 
tional power Supply is needed. The combination of the 
peripheral 16, 26 and the notebook computer can both run on 
the battery of the computer, making the System very por 
table. 

0.130. The modular system can be structured as a trans 
formable System: a fully portable ultrasound System con 
Sisting of the ultrasound module and a notebook computer in 
a single portable Suitcase, and which can be converted into 
a full feature cart System for Stationary use. 
0131 The Suitcase configuration shown in FIGS. 31A 
31F integrates the ultrasound module and the notebook 
computer into a Single Suitcase package. An off-the-shelf 
consumer notebook computer 1004 with control panel or 
keyboard 1008 and display 1006 is secured to the Suitcase 
using a low cost molded bracket 1005 shaped for the 
particular notebook model. Alternate notebook computer 
models can be used with a different molded bracket. 

0132) As seen in FIG. 31F, the ultrasound module 1018 
is situated in the base 1016 and base cover 1015 and top 
1012. A handle 1002 can be extended from the housing base 
1010 so that a user can carry the system with one hand. The 
System can be connected to, or dock with a console of a cart 
system seen in FIGS. 32A-32D this embodiment of the 
invention utilizes a mobile cart System for use in connection 
with a portable ultrasound imaging System. Shown in FIG. 
33 is a System having a plurality of transducer cable con 
nectors 1144, 1146. This system can use the Switching 
systems described in connection with FIGS. 15D-15F, for 
example. 
0133) The cart system 1100 uses a base assembly 1108 
and a USB hub 1220. The base assembly can be connected 
to a docking bay 1222 that receives the processor housing 
1000. A preferred embodiment of the docking bay system as 
seen in FIG. 34 provides electrical interface connections 
between the base assembly and the processor housing at 
docking connector 1205. The base assembly can further 
include a control panel 1150 such that the user can control 
certain operations of the ultrasound System using control 
elements on the control panel 1150. 
0134) The cart configuration docks the Suitcase module 
1000 to a cart 1100 with a full operator console 1118. Once 
docked, the cart and the Suitcase together forms a full feature 
roll-about system 1200 shown in the schematic control 
circuit diagram of FIG. 34. that may have other peripherals 
added, Such as printers and Video recorders. The docking 
mechanism is a Simple, cable-leSS mating connection, Very 
much like the desk top docking Station for a notebook 
computer. This easy docking Scheme allows the user to 
quickly attach or detach the Suitcase to convert the System 
between Stationary use (cart), and portable use. 
0.135 The user console 1118 on the cart is designed with 
a USB interface. The electronics on the console gets its 
power from the USB bus from the battery in housing 100, 
eliminating the need for an additional power Source. How 
ever, parts 1211 and 1362 with transformer 1360 and outlets 
1324, 1326 can also be used for power distribution and 
access. The user console is attached to the notebook com 
puter via the USB port of the notebook computer, routed 
through the docking connector of the Suitcase. 
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0.136 An alternate design of the user console 1118 dupli 
cates the cart base console design in a Smaller portable 
console with the same USB interface. This portable console 
can be plugged into the Suitcase without the cart. 
0.137 With a USB powered console, the cart system can 
operate Solely on the notebook computer battery without the 
need for being connected to the wall AC power outlet, or, 
when the cart System is running on wall AC power, it can 
continue to operate during power outage. 
0.138. The cart system duplicates many of the notebook 
computer peripheral ports So that the cart System has as 
much features as a full blown computer, Such as network 
connection 1203 and printer ports second USB hub 1320 to 
printer 1340. A VOR, 1350 can receive S Video through 
docking connections 1205,1222 from processor 1004. There 
is also an Svideo port 1207. The first USB hub 1220 is 
connected via docking parts with the computer USB port 
and with the Second hub 1320. Control elements 1150 can be 
used to operate the cart system 1200 through hub 1220. The 
portable system 1000 has one or more connector and beam 
former system 1014 with 1394 interface an EKG port 1208, 
a microphane port 1204, ethernet port 1203, USB port 1202, 
Svideo port 1207 and power access 1201. The console 1118 
has power access 1211, ethernet 1212, USB port 1213, 
microphane 1216 and EKG port 1214. DC 1302 and USB 
1306 connections run from the console to the lower base 
unit 61300. 

013:9. In view of the wide variety of embodiments to 
which the principles of the present invention can be applied, 
it should be understood that the illustrated embodiments are 
exemplary only, and should not be taken as limiting the 
Scope of the present invention. For example, the Steps of the 
flow diagrams may be taken in Sequences other than those 
described, and more or fewer elements may be used in the 
block diagrams. While various elements of the preferred 
embodiments have been described as being implemented in 
Software, other embodiments in hardware or firmware 
implementations may alternatively be used, and Vice-versa. 
0140. It will be apparent to those of ordinary skill in the 
art that methods involved in the system and method for 
determining and controlling contamination may be embod 
ied in a computer program product that includes a computer 
uSable medium. For example, Such a computer usable 
medium can include a readable memory device, Such as, a 
hard drive device, a CD-ROM, a DVD-ROM, or a computer 
diskette, having computer readable program code Segments 
Stored thereon. The computer readable medium can also 
include a communications or transmission medium, Such as, 
a bus or a communications link, either optical, wired, or 
wireleSS having program code Segments carried thereon as 
digital or analog data Signals. 

0.141. The claims should not be read as limited to the 
described order or elements unless Stated to that effect. 
Therefore, all embodiments that come within the scope and 
Spirit of the following claims and equivalents thereto are 
claimed as the invention. 

What is claimed: 
1. An ultrasound imaging System comprising: 
an ultrasound image processor housing having a display 

and a first docking connector; a base assembly that 
receives the processor housing, the base assembly 
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having a Second docking connector; and a control 
element on the base assembly that controls an operation 
of an image processor in the processor housing Such 
that ultrasound image data are displayed on the display. 

2. The System of claim 1 further comprising a transducer 
probe connector on the processor housing. 

3. The system of claim 2 wherein the processor further 
comprises an Outer housing having the first docking con 
nector, a computer, the display and beam former housing. 

4. The system of claim 3 wherein the beam former housing 
further comprises a plurality of transducer connectors. 

5. The system of claim 4 wherein each transducer con 
nector is connected to a transmit and receive circuit. 

6. The system of claim 5 wherein each transmit and 
receive circuit is connected to a digital control circuit and a 
beam forming circuit. 

7. The system of claim 2 wherein the transducer connector 
includes a housing connector element having a lock assem 
bly. 

8. The system of claim 7 wherein the lock assembly 
comprises a manually activated lever that mates with a catch 
on a transducer probe connector element. 

9. The System of claim 1 further comprising a transducer 
identification circuit. 

10. The system of claim 1 wherein the base assembly 
further comprises a console, the control element being 
mounted to the console. 

11. The system of claim 1 wherein the base assembly 
further comprises a first universal serial bus (USB) hub. 

12. The system of claim 11 wherein the first USB hub is 
connect to a printer mounted on the base assembly. 

13. The system of claim 10 wherein the console further 
comprises a second USB hub that is connected to the second 
docking connector. 

14. The system of claim 1 wherein the control element 
compromises a plurality of controls that control operations 
of the image processor. 

15. The system of claim 3 wherein the beam former 
housing includes a beam former device and a FireWire inter 
face connected to the computer. 

16. The System of claim 1 wherein the image processor 
housing further comprises an ethernet port, a USB port, as 
Video port, a microphone port, an EKG port, and a power 
SOurce COnnectOr. 

17. The system of claim 1 wherein the base assembly 
further comprises a VCR. 

18. The system of claim 13 wherein the second USB hub 
is connected to the control element, a Second ethernet port, 
a second USB port and the first USB hub. 

19. The system of claim 2 wherein the transducer probe 
connector comprises a probe identification circuit. 

20. The system of claim 19 wherein the probe identifica 
tion circuit comprises a radio frequency link to a transducer 
probe to identify the type of probe transmitting Signals to the 
processor housing. 

21. The system of claim 2 wherein the connector has at 
least 160 pins and a pitch between pins of less than 1 mm. 

22. The system of claim 21 wherein the connector has at 
least 250 pins. 

23. The system of claim 21 wherein the pitch between 
pins is 0.8 mm or less. 

24. The system of claim 21 wherein the probe connector 
comprises an insertion device. 
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25. The system of claim 24 wherein the insertion device 
comprises a lever that engages the probe connector. 

26. The system of claim 24 wherein the insertion device 
comprises a lock assembly. 

27. The system of claim 25 wherein the lever has a mating 
Surface that mates with a catch on the probe cable connector. 

28. The system of claim 1 further comprising a beam 
former housing comprising a beam former, a System control 
ler, a memory, a Standard communication interface and a 
connector that connects the beam former housing to a trans 
ducer probe cable. 

29. The system of claim 1 further comprising a plurality 
of computer programs Stored on a computer in the processor 
housing, the programs including a Scan conversion program, 
a doppler processing program and a translucer identification 
program. 

30. A portable ultrasound imaging System comprising: 
a probe housing including a transducer array; 
a processor housing including a port for receiving ultra 
Sound image data from the probe housing, and 

a probe identification circuit in the housing, the probe 
identification circuit identifying each of a plurality of 
probes that can communicate image data to the pro 
ceSSor housing. 

31. The system of claim 30 further comprising a cable that 
connects the probe housing to the processor housing with a 
connector System. 

32. The system of claim 31 further comprising a cable 
connector element and a housing connector element that can 
be attached with a lock assembly. 

33. The system of claim 32 wherein the lock assembly 
includes a manually actuated lever that is attached to the 
housing and having a mating Surface that mates with a catch 
on the cable connector element. 

34. The system of claim 30 wherein the probe identifica 
tion circuit comprises an integrated circuit mounted on a 
connector System assembly in the processor housing. 

35. The system of claim 34 wherein the probe identifica 
tion circuit comprises a one-wire identification circuit. 

36. The system of claim 34 wherein the probe identifica 
tion circuit comprises a programmable, Writable and read 
able memory to Store calibration information. 

37. The system of claim 30 wherein the processor housing 
further comprises a display and a control panel. 

38. The system of claim 30 wherein the processor housing 
includes a beam forming circuit, a System controller and an 
image processor. 

39. The system of claim 38 further comprising an analog 
to digital converter that receives beam formed data and a 
Firewire interface that delivers converted beam formed data 
to the image processor. 

40. A method of imaging a region of interest with ultra 
Sound energy comprising: 

providing a portable ultrasound imaging System including 
a transducer array within a handheld probe, a cable 
interface that is connected to a data processor housing 
having a data processing System, and a peripheral 
device inserted into a port of the processor housing, the 
peripheral device including a connector for the cable 
interface, a beam forming device and a System control 
ler connected to the beam forming device, 
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providing output Signals from the data processor to the 
handheld probe to actuate the transducer array; 

delivering ultrasound energy to the region of interest; 
collecting ultrasound energy returning to the transducer 

array from the region of interest; 
transmitting data from the handheld probe to the proces 

Sor housing with the cable interface; and 
performing a beam forming operation with the beam form 

ing device in the peripheral device Such that the data 
processing System receives a beam formed electronic 
representation of the region of interest from the beam 
forming device. 

41. The method of claim 40 further comprising providing 
a peripheral device including a FireWire interface. 

42. The method of claim 40 further comprising providing 
a probe identification circuit in the peripheral device. 

43. A portable ultrasound System for imaging a region of 
interest comprising: 

a handheld probe in which a transducer array is mounted; 
and 

a data processing System within a data processor housing 
the housing including an electronic device that is 
connected to the handheld probe with a cable interface, 
Such that the data processing System receives a repre 
Sentation of the region of interest, from the electronic 
device using a communication interface the electronic 
device including a programmable beam forming device 
and a System controller connected to the beam forming 
device. 

44. The system of claim 43 further comprising a Firewire 
connection between the electronic device and the data 
processing System. 

45. The system of claim 43 further comprising a probe 
identification circuit. 

46. A connector device for a Transducer probe of an 
ultrasound imaging System comprising: A transducer probe 
having a cable and a first connector; a circuit housing having 
a Second connector that receives ultrasound image Signals 
from the transducer probe; the Second connector having an 
actuator that engages the first connector. 

47. The connector of claim 46 wherein the actuator 
comprises a lever that moves from a release position to an 
engage position. 

48. The method of claim 43 wherein said gas sampling 
unit is communicatively coupled to a communications net 
work. 

49. The connector of claim 46 wherein the first connector 
has feature that is engaged by the actuator to move the 
Second connector into the first connector as the actuator 
moves from a first position to a Second position. 

50. The connector of claim 46 wherein the connector has 
at least 160 pins and a pin pitch of less than 1 mm. 

51. The connector of claim 50 wherein the connector has 
at least 250 pins and a pin pitch of 0.8 mm or less. 

52. The connector of claim 46 wherein the actuator has a 
cam element. 

53. The connector of claim 46 wherein movement of the 
actuator from an engage position to a release position 
disengages the Second connector from the first connector. 

54. A method of using a connector assembly for an 
ultrasound System comprising: 
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moving a connector actuator from a first position to a 
Second position to engage a housing connector of an 
ultrasound imaging device with a transducer probe 
COnnectOr. 

55. The method of claim 54 further comprising identify 
ing the transducer probe with a probe identification circuit. 

56. The method of claim 55 further comprising storing 
probe identification data in a memory. 

57. The method of claim 54 further comprising providing 
an identification circuit mounted on the housing connector. 

58. The method of claim 54 further comprising actuating 
a computer program that accesses transducer data from a 
database in accordance with an identified transducer. 

59. The mehtod of claim 58 further comprising modifying 
the transducer data or Sending a transducer attach Signal to 
an application program or update a usage history or incre 
ment a transducer usage counter or record a transducer 
detach Signal. 

60. A method of using a modular ultrasound imaging 
System comprising; 

Connecting an image processor housing to a base assem 
bly; 

and operating a control element on the base assembly to 
actuate an ultrasound imaging operation using the 
image processor housing. 
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61. The method of claim 60 further comprising providing 
a base assembly including a cart having a console with a 
docking port a plurality of control elements to activate 
display of image data on a display attached to the processor 
housing 

62. The method of claim 60 further comprising providing 
a processor housing having a laptop personal computer 
having a Standard graphical user interface having a Win 
dowS(R) format, the computer being connected to a beam 
former housing within the processor housing using a firewire 
interface. 

63. The method of claim 61 further comprising providing 
a console having a first USB hub connected to USB port of 
the processor housing and connected to a Second USB hub 
in the base assembly. 

64. The method of claim 60 further comprising providing 
a plurality of transducer connectors on the processor hous 
ing. 

65. The method of claim 60 further comprising providing 
an ethernet port, and Sviseo port, an EKG port and a 
microphone port 


