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IN THE UNITED STATES DISTRICT COURT
FOR THE SOUTHERN DISTRICT OF WEST VIRGINIA
AT BLUEFIELD

LUMA CORPORATION, Plaintiff,

1 02-1132

vs. Civil Action No.:

STRYKER CORPORATION; KARL STORZ
ENDOVISION, INC.; and KARL STORZ
ENDOSCOPY-AMERICA, INC,, Defendants.

COMPLAINT FOR PATENT INFRINGEMENT

Plaintiff Luma Corporation (“Luma”) hereby alleges as follows:
Parties

1. Plaintiff Luma is a West Virginia corporation, with its principal
place of business at 311 Courthouse Road, Princeton, Mercer County, West Virginia.

2. On information and belief, defendant Stryker Corporation
(“Stryker”) is a Michigan Corporation having a place of business at 2725 Fairfield Road,
Kalamazoo, Michigan.

3. On information and belief, defendant Karl Storz Endovision, Inc.
(“Karl Storz Endovision”) is a Massachusetts corporation having a place of business at
91 Carpenter Hill Road, Charlton, Massachusetis.

4. On information and belief, defendant Karl Storz Endoscopy-
America, Inc. (“Karl Storz Endoscopy”) is a California corporation having a place of

business at 600 Corporate Pointe, Culver City, California.



Case 1:02-cv-01132 Document 1 Filed 09/11/02 Page 2 of 54 PagelD #: 2

Jurisdiction and Venue
5. This action arises under the Patent Act, 35 U.S.C. § 271 et seq. This

Court has original and exclusive jurisdiction over this controversy pursuant to 28 USs.C.
§81331 and 1338(a).

6. Venue is proper in this Court pursuant to 28 U.S.C. §§ 1391(b), (¢),
(d) and/or 1400(b).

Nature of the Action

7. On April 21, 1998, the United States Patent and Trademark Office
duly and legally issued United States Patent No. 5,740,801 (“the 801 patent”), entitled
MANAGING INFORMATION IN AN ENDOSCOPY SYSTEM. The ‘801 patent is
directed at devices for medical procedures like endoscopy. The ‘801 patent is attached
hereto as Exhibit A.

8. Plaintiff Luma was assigned and now holds all rights in the
‘801 patent.

9. Plaintiff Luma sells systems and components pursuant to the
‘801 patent.

10. On information and belief, defendant Stryker makes, uses, sells,
offers for sale and /or imports devices and components protected by the ‘801 patent.

11. On information and belief, defendant Karl Storz Endovision makes,
uses, sells, offers for sale and/or imports devices and components protected by the
‘801 patent.

12.  On information and belief, defendant Karl Storz Endoscopy makes,
uses, sells, offers for sale and/or imports devices and components protected by the

‘801 patent.
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Count 1: Infringement of the ‘801 Patent

13.  Luma realleges each and every allegation set forth in Paragraphs 1
through 12, inclusive, and incorporates them herein by reference.

14.  Stryker, Karl Storz Endovision and Karl Storz Endoscopy have
been and are still infringing, contributorily infringing and/or inducing the infringement
of the ‘801 patent, either directly or under the doctrine of equivalents, by making, using,
selling and /or importing devices claimed in the '801 patent, and will continue to do so
unless enjoined by this Court.

15.  Stryker's, Karl Storz Endovision's and Karl Storz Endoscopy's
infringement of the ‘801 patent has injured and continues to injure Luma, in an amount
to be proven at trial.

16.  Stryker's, Karl Storz Endovision’s and Karl Storz Endoscopy'’s
infringement of the ‘801 patent has been and continues to be willful and deliberate.

This infringement of the ‘801 patent has injured and continues to injure Luma, unless
enjoined by this Court.
PRAYER FOR RELIEF

WHEREFORE, Luma prays that this Court grant the following judgment
and relief:

A, A preliminary and permanent injunction against Stryker, Karl Storz
Endovision and Karl Storz Endoscopy, its officers, agents, servants, employees and/or
those in privity with Stryker, Karl Storz Endovision and/or Karl Storz Endoscopy from
infringing, inducing infringement of, or contributing to the infringement of the ‘801
patent, and for all further and proper injunctive relief pursuant to 35 U.S.C. § 283;

B. An award to Luma of such damages as it may prove at trial against

Stryker, Karl Storz Endovision and Karl Storz Endoscopy that are adequate to
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compensate it for Stryker's, Karl Storz Endovision's and Karl Storz Endoscopy’s
infringement of the 801 patent, said damages to be no less than a reasonable royalty;

C. An award to Luma for willful infringement of three times the
damages so determined, as provided for in 35 U.S.C. §284, together with pre-judgment
interest from the date on which infringement of the ‘801 patent began;

D. A finding that this case is “exceptional” and a consequent award to
Luma of costs and reasonable attorneys’ fees pursuant to 35 U.S.C. §285; and,

E. All other relief that this Court may deem just and proper.

PLAINTIFF HEREBY DEMANDS A TRIAL BY JURY ON ALL ISSUES SO
TRIABLE PURSUANT TO RULE 38(B) OF THE FEDERAL RULES OF CIVIL,

PROCEDURE.
LUMA CORPORATION,
: - By Counsel.
o \lf—w—k P2
]err ahaeron

West Vlrg State Bar ID #597

Brewster, Morhous, Cameron, Mullins,

~ Caruth, Moore, Kersey & Stafford, PLLC
418 Bland Street

P. O. Box 529

Bluefield, West Virginia 24701

304-325-9177

and

Paul J. Andre

Norbert Stahl

Joel M. Curzon

Quinn Emanuel Urquhart Oliver & Hedges, LLP
555 Twin Dolphin Drive, Suite 560

Redwood Shores, California 94065

650-620-4500
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EXHIBIT A
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Structure of an IT receord /

i TN

4 ]

I
{ IThe Actual Data
Numeric 1D .of this record's owner

Numeric |10 of this record's "“WHAT"
I

Numeric 1D of this record {the ils _ id)

400

Structure of a WHAT record )/

A |

The text name of what the "WHAT" record specifies

)|

Implementation specilic identifier telling how data is decoded

"wha! _id" of this record's owner (or Q if none)

Numeric ID of this record (the what _ id)

mpt {inition

This sample is shown using RAIMA database language, but can be applied to any
generic database handler.

racord what { Ifield types °f
unique key long what_id: /“field kay */

key long what_owner; - /key cf its owner 7/
char what_, name(32] /*field name */

long what__ look fit's appearance */
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MANAGING INFORMATION IN AN
ENDOSCOPY SYSTEM

CROSS REFERENCE TO RELATED
APPLICATION

This is a continuation-in-part of U.S. patent application
Ser. No. 08/040.633. filed Mar. 31. 1993 and abandoned on
Sep. 6. 1995, the endre disclosure of which is hereby
incorporated herein by reference.

BACKGROUND OF THE INVENTION

This iavention relates to managing information in an
endoscopy System. and in particular to contolling the
acquisition, processicg, storage. and display of endoscopic
images.

During an endoscopic surgical procedure, the surgeon
typically uses a video camera (or other suitable device, such
as a video asthroscope) to capture images of the surgical site.
The images are generally applied to a display device (such
as a ielevision monitor) for observation. In some cases, the
images arc stored on video tape (by, c.g.. 2 VCR) or are
converted to digital files for storage in memory Or OF 2 disk
drive. Different physicians ofter use the video equipment in
different ways.

SUMMARY OF THE INVENTION

One genperal aspect of this invention features a system for
acquiring images during a medical procedure and using the
acquired images includes a storage device for storing, for
each one of a plurality of users of the system, information
that indicates one or more processing cperations to be
performed on images obtained by an input device. and 2
processor that responds to an identity the user who is
currently using the system by performing processing opera-
tions on the obtained images and applying the images to an
output device based on the stored informaticn that corre-
sponds to the current usern

The stored infarmation also’ indicates. for each user. a
configuration of the input device and a configuration cf the
output device. Daring operation. the input and output device
configarations are cstablished in response to the identity of
the current user. The configuration of the input device
includes the format in which the device produces the image.
and the configuration of the output device includes the
format in which the device uses the image. As a result, the
systemn can trapslats images obtained iz one format {c.g..
NTSC. RGB. Y-C. PAL. ¢tc.) to another format for display
by the output device, all according to the uscr-specified
inforration in the storage device.

The systern may include 2 plurality of input devices and
multiple output devices. The storage device stores the infor-
mation for each input device and cach output device, During
operation, the processor selectively processes images from
the input devices based on the identity of the current user
and the stored information. Likswise. the processor selec-
tively applies the processed images to the output devices
based or the identity of the current user and the stored
information.

According to aspect of the invention. the preference
database stores. for ecach ome of a plurality of medical
procedures, informadon that indicates one or more pracess-
ing operations to be performed on fmages obtained by an
input device. acd the processor Tesponds to the identity of
the medical procedure that is exrrently to be performed by
performing processing operations based on stored informa-
tion that corresponds to the current medical procedure.
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According 1o ancther aspect invention. the prefersoce
database starss. for each one of a plurality of users af ach
one of a plarality of medical procedures. information that
indicates a script of designated irmagss, and the processor
responds to the identity of the curreat user ot the iderntity of
a medical procedure that is currently (o be performed by
causing a “script” of images to be captured based on the
praference information in the database.

The information indicates. for each user or medical
procedure. 2 sequence of images that are (o be obtainsd
during the procedure. In one embodiment. during operation.
the cirrent user is prompled 1o obtain the images in the
saquence. This allows the user to follow pre-established
scripts (stored as directed by the user) to perform tours of the
surgical site according to the user's preference or according
to the requirsments of the current surgical procedure.

According to another aspect of the invention, the prefer-
ence database storcs the preference information as a plural-
ity of linked records. A first one of the records identifies a
type of the information. and a second one of the records
contains data associated with that type of information.

According (o another aspect of the invention, the prefer-
ence database stores, for each one of a plurality of users er
medical procedures, respective preference information that
indicates ope of more visual representations that are pre-
ferred to be applied to the output device or devices together
with the images obtained by the input device ar devices, The
processor combines (he oge oI more visual representations
with the images obtained by the input device based oz the
preference information i the preference database and
applies the images to the output device or devices together
with the one or more visual representations.

The one or mare visual representations may include text
that is anti-aliased for improved appearance. graphical
objects, or au additional image or images that may be
obtained from an additional input device. The visual repre-
sentation raay possess the atribute of translucency. In ecr-
tain embodiments the visual representations are proropts for
prompting & User to capiure images in a desired scquence.
The processor may Mmaintain an aspect ratio of the visual
sepresentations with respect to the images as the images ace
scaled in size. and may aintain the relative appearance of
the one or more visual representations with respect to the
images as the format of the images is changed. The proces-
sor may Store the one or more visual tepresentations in
overlays in order not o affect the images.

In certain embodiments the visual representations are
additional images the processor caused to be stored in a
memory upon Teceipt of a save command during a medical
procedure, and the processor may cause the output device or
devices to display the images as a composiie of postage
stamp size images or as a sequence of full size images. The
processor may be configured to invoke image processing oo,
or to delete. images selected by the user from amoag the
images applisd to the output device or devices.

According to another aspect of the ixventon, the prefer-
ence database storss. for each one of a plurality of input
devices or outpat devices, information that indicates one or
mote processing operations to be performed on the irnages
obtained by the partictlar input device or o be applied to the
particular output device. The processor responds to an
indication of the identity of the particular input or output
device by selectively performing processing operations oa
the images based on the information in the prefarence

s database.

According to agother aspect of the invendon. the prefer-
ence database pre-stores. for each one of a plurality of users
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or medical procedures, respective preference informadoz
that indicates a preferred page layour of images. The pro-
cessor receives an indication of an idendry of a user ar
medical procedure and causes a plurality of images obtained
by the input device to be arranged in the page layout based
on the preference information. The preference information
may indicate a preferred script of designatad images that the
processor causes to be captured based on the preference
information. the script of images comprising the images to
be arranged in the page layout.

According 1o another aspect of the invention. the proces-
sor performs a zooming function for increasing size of the
images ou the outpat device of device, and the processor
performs the zooming function concentrically about a cen-
wal point of the images. By performing the zooming fnc-
ton copcentrically about a central point, rather than, for
example. an upper left hand corper as in certain eXt pro-
cessing systems. the processer accommeodates the human
tendency to focus on the center of an image.

According to another aspect of the invention. the prefer-
ence database pre-stores, for cach of a plurality of usas,
respective preference information that indicates a point
about which the user prefers to have a zooming function
pc:form:d.' The processor performs the zooming fupction

concentrically about the point indicated by the preference 2

information.

Accerding to another aspect of the invention, the proces-
sor emhances visual quality of the images by histogram
adjustment of the images. aod adjusts the enhancement of
visual quality based on the preference information corre-
sponding to a particular user of medical procedure.

According to another aspect of the iovention, a still frame
buffer is provided that temporarily stores an image obtained
by the input device. and a memory is provided that stores
images obtained by the nput device on a long-term basis.
When the processor reeeives a freeze command it freezes in
the still frame buffer an image obtained by the input device,
and when the processor reeeives a save command it saves a
frozen image in the memory.

In cerain embodiments. when the processor receives a
Iive command it causes the ouiput device 1o display live
images obtained by the input device. The processcr can
toggle between frozen and live images until 2 desired image
is frozen and then saved in the memory.

According to another aspect of the invention. the prefer-
ence database pre-stores, for each of 3 plurality of users or
medical procedures, respective preference information that
indicates a preferred conversion between a format in which
the input device obtains the images and a format in which
the output devicr oommuricates the image data to the
medical practitioner. The processor transtates the images
berween the two formats based on the preference infortna-
ton.

According to another aspect of the invention, the proces-
sor performs dynamic mathemnatical analysis of irmage data
recsived from the input device. Based on the dynamic
mathematical analysis of the image data. the processor
antomatically converts a format in which the input device
obtains the images into a format in which the output davice
communicates the itnage data to the medical practitioner.

According to another aspect of the invention. the proces-
sor reduces interlaced noise on an interlaced video display
device by reducing motion artifacts due to motion that
occurs betwesn acquisition of fields of vidzo that cornprise
2 video frame. At least one pixel in at lzast ope lin2 of a first
field of video {preferably two pixels in two espective lines

35
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of the first field) is compared with at least one pixel in at
least on= lire of  second field of video thar is intarlaced with
the first field on the video display device. The {ine or lines
of the first field are in close proximity to {preferably adiacent
to} th line of the second field. The pixci or pixels in ths first
field are in ciose proximity to (preferably adjacent o) the
pixel in the second field. The processar determining whether
a difference betwesn the value of the pixel or pixels in the
first fieid {preferably the average of two pixels in the firsz
fisld) and a value of the pixel in the second field exczeds a
fixed value. If the difference between the values of the pixels
exceeds the fixed value. the processor replaces the value of
the pixel in the second field with a value closer to the value
of the pixel or pixels in the first field (it is preferably
replaced with the average of the above-mentioned two pixels
in the first field). If the difference betwesn the values of the
pixels is less than the fixed value, the processor maintains
the value of the pixel in the second field. These steps are
performed for additional pixels in the above-mentioned line
or lines of the first field and the above-menticned Line of the
second figld. and for additional lines of the first and second
fields.

As described in more detail in the detailed description. the
invention provides numerous other feamres and offers sev-
eral advantages. Among them are:

1. a standardized platform for endoscopic video systems

that allows more rapic evaluation and improvement of
hardware and functionality.

. simple acquision and storage of still and live images
from the operating room or endoscopy suite.

5. digital enhancement of acquired images for presenta-
tion in printed and fitm formats.

. apnotation of acquired images with text and graphics.

5. formatting and providing composites of multiple

{mages, images and stock images, or drawings in 2
manner that provides spatial, togical or aifier coniext
that improves the communicating value of the acquired
images.

6. a stand-alone database application that aliows indi-
vidual doctors 1o maintain and refrieve images and text
data.

. an interface that allows existing office or hospital
databases 0 manage irage and text information relat-
ing to endoscopic applications.

8. allowing existing endoscopic database and endoscopy
suite management systermns (such as Siscape and others)
to integrate irnaging into their applications.

. improving the relfability and dependability of endo-
scopic image and text data Dy facilitating simple and
reliable systems for integration of the data with physi-
cian and facility work flows and hardware constraints.

In addition, the investion implements a modular archi-
tecuye that aliows improvement by upgrade instead of
reptacement. Regulatory requirements can often be satisfied
by a modification to an existing filing, as opposed to a de
novo filing.

Otner features and advantages of the imvention will
become apparent from the following detailed description.
and from the claims.

[

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a system for managing
endoscopy information according te the present invention.

EIG. 2 shows one passible configuration of the system of
FIG. 1.
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FIGS. 3 and 4 shows details of a subsystem used in FIG.
-

FIG. 5 shows two subsystems of FIG. 2 connected in
parallel for so-called “picture-in-picture” dispiay of images.

FIG. 6 illustrates a procedure for capmuring and storing
images in the system of FIG. 1.

FIG. 7 shows a “tour” procedure for capturing images it
the system of FIG. 1 according to a predefined script.

FIG. 8 is useful in understanding how the system of FIG.
1 formats printed outputs of images.

FIG. 9 fllustrates a procedure for annotating images
obtained by the systern of FIG.-1 with text and graphics.

FIG. 10 is useful in understanding a characier recoguition
eature of the system of FIG. 1.

FIG. 11 shows a procedure implemented by the system of
FIG. 1 to convert the video format of ap igput image 10 2
different video format for use by an output device.

FIG. 12 is useful in understanding the operation of a
remote control feature of the system of FIG. 1.

FIG. 13 shows a procedure performed by the system of
FIG. 1 for producing slides from the acquired images.

FIG. 14 shows the device handling architscture of the
system of FIG. 1.

FIG. 15 illustrates the use of universal connectivity
devices (that use, e.g., the PCM{IA standard) in the system
of FIG. 1.

FIG. 16 is useful in understanding the operation of a
preference database of the system of FIG. 1.

FIGS. 17 and 18 illustrate the storage of acquired images
in an image datzbase of the system of FIG. 1.

FIG. 19 is a flow chart that shows the operation of the
system of FIG. 1 from the standpoint of the user.

FIG. 20 shows medules of a software program that
conkrols the overall operation of the system of FIG. 1.

FIG. 21 is useful in understanding the structure and
arganization of the databases used in the systcm of FIG. 1.

DETAILED DESCRIPTION

Referring to FIG. 1, endoscopic procedure management
system 16 employs a personal computer 12 that executes a
stared program 14 to configure and manage all devices used
by a physician during endoscopy. In particular, personal
computer 12 receives images generated by one Or mors
image input devices 16, processes the images according to
the preferences of the physician performing the endoscopic
procedure. and transmits the processed images to one or
mare image output devices 18 for display or stofage.

Personal computer 12 obtains information concerning the
physician’s preferences about the processing. display. and
storage of the irages from a preference database 20. As
dascribed in more detail below. prefersncs database 20 is
organized by physician—that is, the prefercnces of each
physician recognized by system 10 as to the image process-
ing and the configuration and operation of image input
devices 16 and image output devices 18 are storsd in
preference database 20 accarding to the identity of the
physician and according to the varous procsdurss per-
formed by the physician. As a result. when a physician logs
onfo system 10 (as described below) and identifies the
endoscopic procedure that he or she is to performn. host
computer 12 configures image input devices 16 and image
ontput devices 18 and controls the processing of the
obtained images according to the information stored in
preference database 20. Exampies of information contained

w
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in the preferencs database includs identification cf available
input and cutput devices. the scan rate and resolution of
video input and video display devices. videe gain. offset, and
color parameters, light leve! reference for comparison apd
adjustmemnt of light level. the format with which imagss
cbtained during a tour (d=scribed below) are to be displayed.
and the format with which images are to be displayed on a
video printing device.

Awids variety of irmage input devices 16 can be used with
endoscepic procedurs management system 10. For example.
image input devices 16 include video endoscopes, cameras
tincluding endoscopic video cameras ané oiher types of
video carneras), video cassette recorders (VCRs), X-tay
scanners (which convert X-ray films to digital files}, digital
X-ray acquisition apparatus {which convert X-ray photons to
a digital bitsream or file), fluoroscopes, CT scanners. MRI
scanners, ultrasound scanners. RS170 video signal devices,
ced devices. and other types of scamners {handheld or
otherwise).

Likewise. several different types of image output devices
18 can be connected to system 10. Exarmples include cathode
ray tube (CRT) displays. television monitors, LCD panels
and screens. EMM memory. and disk memory, digital film
recorders, postscript color pripiers, raster-driven film
recorders, and faster-driven printers. The displays may usc
the RS170 format (i.e.. RGB, Y-C, NTSC. PAL. or the PAL
equivalent of Y-C), or alternatively may be non-RS170
devices (interlaced and noa-interlaced display devices).

As described in detail below. visualization input and
display subsystems connected with the personal computer
12. whether internal, or external, are supportsd by defined
communication protocols (e.g., horizontal apd vertical
synch. interlaced vs. noa-intertaced display, scan speed and
spatial and color resolution) that are stored in the database.

1o addition, personal cormputer 12 also reccives data aad
commands from one or more data inpat devices 22

Dara input devices 22 can itclude computing devices such
as laptop and palmtop COmPpULETs, pen-based command
svstems, or compater networks. The data and commands
from such computing devices function primarily to allow
data entered outside the operating room to be used within the
operating room. For example. a surgeon’s assistant may
enter identification infermation zbouat a day’s work on such
a computing device to load that information into endoscopic
procedure management system 10. In this way, operating
room data entry can be minimized.

Data input devices 22 can also include programmable
input devices (such as infrar=d remote control units), veice
recognition systems, and pointing devices such as 2
keyhoard. mouse. trackbafl. airmouse, light pen. touch
screen, and tablet, These programmable input devices oper-
ate by a software-mediated control step. In particular, the
programmable imput devices generate generic cormands,
and the response of endoscopic procedure management
system 10 is stored in software. Use of these programmable
input devices can Initiate 2 simple or complex sequence of
evenis.

All of these data input devices 22 allow the physician (or
another user located. e.g.. in the sterile field) to manage the
operation of system 10. as dascribed in detail below.

Persoral computer 12 can also be connected (gither
directly or via a network or modem) to ome or more
unrelated databases 24 to receive patient and other informa-
tion. Examples of darabases 24 include hospital information
systems and local daiabases located in the physicians’
offices. patient information databases. external office
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databases. external hospilal databases. external darabase
conversion utilities. and external high-capacity stworage
devices.

Numerous data outpat devices 26 are also copnected to
personat compuier 12 for receiving dama concerning the
operation of systerz 14 (s.g.. reports). Personal computer 12
also sends data to one or more of databases 24 for storage.
Examples of data output devices 26 inciude laptop, palmiog,
and pen-based computer sysiems. Drintess, disk drives,
PCMCIA memory cards. moderms, and network commiini-
catdons devices.

Referring also te FIG. 2, one possible configuration of
system 10 is shown. Personal computer 12 includes a host
processor 30 and a series of subsysiems ot adapters Ma-34p
{hereinafter generally refemed to as 34) each of which is
conzected lo host processor 30 by a bus 36 {(if the configu-
ration of personal computer 12 so dictates. bus 36 is replaced
by a backplanc). If needed, one or more subsystems 34 can
also be connected to host processor 30 or to gach other via
a iocal bes (not shown).

Host processor 30 provides an industry standard platform
that supplics a common power supply. a computing function
(CPU 38). memory and storage devices 40, mechanical
support and cooling functions 42. Subsystems 34 gain
access to any or all of these services via bus 36 in a
motherboard implementation (or the backplane in a back-
plane implementation). Other systems outside the physical
housing of persomal computer 12 can gain access via sub-
systerns 34 that cxternalize these functions from personal
computer 12. :

Host processor 30 is a 486-66. Pentium. or 686 based
machine; alternatively, host processor 30 may be imple-
mented as a workstation. Standard ISA bus architecture is
used. but EISA or PCI architecture or others can be selected
instead. In the motherboard configuration, the memory and
CPU and cxpansion slots are on a singie board In the
backplane configuration, power and communication oCcur
via the backplane. and CPU 38 and memary 46 plug into the
backplane like an adapter.

Host processor 30 contains a special version of 2 BIOS
{Basic Input/Quiput System), Jocated on a ROM chip, that
specifies the setup parameters of a generic personal com-
puter in such & way that operaton of a system storage disk
and connected devices can be restored despite failures that
woulé render a standard personal computer useless. The
CMOS settings on a generic personal COMPULET are geeric.
and the sequp parameters are held in CMOS, which depends
on battery backup and system imiegrity to persist. If a
peripheral shorts, or the backup battery goes down. at least
some of the system settings might have to be re-eptered
before the system can be used. By restoring the CMOS with
the ROM. even custom setups of the PC can be re-entered
by software so that the PC can be fully recovered from the
majority of probiems that could bring a PC down.

Subsysterns 34 and hast processor 30 communicate ina
bi-directional fashion over bus 36, Each issues and receives
commands. status and other information. Hest processor
software contrcl 14 integrates and regulates the flow of
information. and hence the operation of subsystems 34 and
the igputioutput devices. Communications that conform to
platform standards can be handled by bus 36. Specialized or
noustandzard communication can be handled by local buses.
such as a local video bus (aoct shown). A local bus provides
specialized commupication of limited scope. Overali func-
tion of the local bus can be governed by communication that
oceurs over bus 36,
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The communication afforded by bus 36 allows for soft-
ware control of the specific functcns of sysizm 10. Sofrware
control of specific functions can be based on data enterzd
into the preference database. operator instructions received
via data inpuz devices, or on feedback from the subsy siems.
For cxamale. preference dawmbass 20 contains informmation
regarding video gain and offset, image format preferences.
and text data required for display of images obtained during
endoscopy. Senings or user preferences can be accommo-
dated and tailored to the {typicaily different) specifications
of sach physician. By specifying a particular procedure or a
particular surgeon it is passible to cause preferences asso-
ciated with the identity of the surgecn or the procedure to be
loaded, In addition. the operator can modify the preference
settings by direct insructions communicatzd via z system
input device. Furthermore, the system itself can modify the
preference seftings. In system-mediated modification. the
systern responds to specified parameters based on the state
of the system or a portion of the system. For example, the
system allows for a histogram, or other mathematical pro-
cess to be performed on an image. Based on the result of the
mathematical process. the system software can send com-
mands or data to the camera or vides signal source. The
commands result in optimization of the acquired video.
Other syster-generated input, such as video lsvel. color
composition, of most recent operator interactions. can be
used to specify a system response. Thus. preferences can be
modified by the operator, or dyramically by system 10,
Thus, the system responds to database entries (procedure of
user 1D). calculated entries (histogram of an image, video
level via defined relationships stored in the preference
database), and user input (keyboard, mouse, or other point-
ing device).

As discussed below, multiple control devices are sup-
ported. An infra-red. programmable handheld remote con-
trol 48 provides operator interaction from 2 sterile field
Tlard.-wired switches connected by wires to the operative
field can also be used. The system also provides for multple
inputs from touchscreens, rouse, Hght pens and other
relative and absolute pointing devices 58.

The system is structured to be platfform independent. The
software provided for the systeta is organized so that por-
tions of the code that are hardware dependent can be easily
replaced. As CPU and adapter subsystems are improved or
changed. a means is provided to allow simple integration of
the new devices. Identifications of input and output devices,
as well as specifications, are stored in preference database
20. and this stored information controls device-specific
outputs. For example, 24 bit color images can be processed
to display on a 64 color gray scale device based on the
database preferences stored in databass 29.

The platform independence is related to separation of
hardware-dependent code from hardware-independeat code.
In one embodiment the systern runs under DOS. but with
sirmple modification couid ruz under Windows, Q5/2. UNIX
or other operating systems or hardware platforms. This is
accomplished by separating generic file system calls. calcu-
lating functions, display operations (blitting) from operating
systern or hardware dependent functions. In this way, =
change cof the database uility, driver utility or any other
segrment of the program can be dons without altering the
main body of the code.

As is discussed below, the software system includes
heuristic systems that allow multiple complex functions to
be controlled autornatically or with minimal and simple

s operator input.

The host 30/subsystem 34 architecture allows for both
stapdardized communication therebetween via bus 36 and
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the sharing of resources (such as memory and processing
functions). Subsystems 34 identfy themselves 1o host pro-
cessor 30, send gueries to and respond to querias from host
processor 30. and provide signal and control ourputs to host
processor 30.

Communication occurs over bus 36 betwesn host proces-
sor 30 and scbsystems 34 and between the subsystems M
themselves. As can be appreciated from FIG. 2, inputs can
be applied to personal computer 12 either through the
subsysterms (e.g., subsysiems 3a-34g) or directly 10 host
processor 3. Likewise, output signals and data are produced
by both host processor 30 and the subsysterns {e.g., sub-
systems 347-34p).

FIG. 2 illustrates several different types of subsystems 34.
Camera subsystems 34z, 34b provide host interfaces for a
camera 44 and a video endoscope d6. Remote conirol
adapter 34 interfaces a remote control unit 48 (infrared or
otherwise) to host processar 39. The physician can control
systen 10 usicg voice commands that are relayed from
voice pickup 50 to host processor 30 by voice control
adapter Md. A fivid/gas monitor Me relays signais from a
fluid gas sensor 52 in the sterile field to host 30. Laptop.
palmiop, and other computing devices 54, and pointing
devices comrnunicate with host processor 30 via suitabls
adaplers 34f. PCMCIA devices 56 (discussed below) are
interfaced with host processor by PCMCIA adapters 34g.
Other input devices 58 (such as a eyboard and pointing
devices such as a mouse) are connected via specific infer-
faces directly to bus 36. ‘

Video subsystems 34f, 34k provide interfaces with a CRT
dispiay 60 and a television monitor 62. The level of light
provided in the surgical field by an llurninator 64 is con-
trolled by light source subsystem 34(. A VCR subsystem
3dm supplies image signals to 2 VCR 66. The operation of
devices used in the surgical field, such as fiuid supply 68 and
one or mare medical devices 70 (=.g.. surgical tools such as
shavers, abraders, end cutiers, etc.), are controled via fluid
mapagement subsystem 34n and medical device subsystem
3do. respectively. Other output devices, such as printers and
fikr recorders 72, are driven by host processor 30 via one or
mare PCMCIA adapters 34p. while some output devices 74
can be connected directly to bus 36.

Preference database 20 can also be conpected to host
processor 30 via a PCMCIA adapter 34i. APCMCIA adapter
34k is used to connect host processor 30 to units 76 that
provide other services. Examples of other units 76 include
storage devices. e.g., disk drves. memories {such as
so-called “flash memories™), disk drives. and network adapt-
ers (for wire, wireless, RF. or optical networks). Any device
that conforms to the PCMCIA connectivity standard (or any
other suitable standard. such as JETDA) can be connected to
personal computer 12 in this fashion In addition. any
suitable part of host processar 30 (e.g.. serial, paraliel, SCSI.
etc.) can be used to provide ¥O capability.

Camera subsystems 3o and 34p utilize a2 PC standard
adapter card configuration containing circuitry to process
electrical signals gemerated by a device responding t
changes in available lght for example a charge coupled
device. The circuitry supplies power and syochronization for
the image acquisition device. and provides a means to
communicate with the host system. The host system is able
to dowrload alignment parameters to the CCD controller,
and interpret commands and status returned from the sub-
svstern to the CPU. Camerz 44 and vidso endoscope 46 are
self-contained units that acquire an image. and produce a
standard video or digital signal that can be decoded or
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interpreted by the video subsysiem to produce images oz 2
display device. The system has a conmol roechanism. for
example, RS232. with which the host can issue commands
and receive stams from the camera swvstem as described
above.

Remots control adapter e interfaces with infrared
remote conwol 48, which inciudes a tTansmitter and
receiver. The transmitter is a handheld unit that emits
infrared radiation in a predictable manner. based on Instruc-
tons stored within the unit. The Receiver detects and
interprets infrared emissions of the ransmitter. and produces
machine readable commands that are communicated 1o the
CPU, which compares the commands 10 12XONCIRY COO-
Lained in prefersnce database 20 and executes the command
pased on the information contaited in the preference data-
base.

Voice Control Adapter 34d accepts and processes audio
input, from a microphone, and performs interpretation,
resulting in machine-readable signals that are transferred to
the CPU. The function of the voice control adapter is to
wanslate spoken words or speech into machine-readable
input commands. The machine-readabls commands can be
used as a means o implement contrels. Alternately, the voice
recognition can be used to enter text data into the database.

Fluid/gas monitor 34e interfaces with Auid/gas sensor 52,
which is, in one embodiment. ac insufflator, i.c.. a device
that controls flow and pressure of a medical device into body
cavities. It commuenicates with the CPU by RS§232 or a
device-specific communication protocol. The CPU trans-
lates database preference values to commands that configure
the pressure and flow parameters on the device. The device
issues staius and error messages to the CPU via the same
communicating roneans.

Adapter 34f is a device-specific adapter for receiving
information from, or transmiting information (o other
computers, i¢.. main-frame hospital computers. personal
computer networks, handbeld computers. This interface is a
raeans for exchange of text and image data.

PCMCIA adapters 34g utilize a standard pin and socket
configuration to interface to a wide variety of devices that
are identified to the host system by the insertion of the
device. The PCMCIA adapter can accept specific hardware
to perform modem. network. storage or other functions, The
CPU side of the interface is standard. and conforms {o the
PCMCIA standard for power and data exchange.

Directly connected output devices 74 can include video
monitars and CRT displays.

Details of video subsysterns 34f and 34k are set forth
below in connection with FIGS. 3, 4, and 5.

Light source subsystern 341 processes signals generated
by the video subsystern. and outputs an electrical potential
used to adjust the intensity of light provided by the illumi-
nator. Light intensity is controflec by closing an aperture, or
decreasing famp supply voltage.

Details of VCR subsystemn 34m and VCR 66 are sct forth
elsewhere in this application,

Fluid moanagement subsystem 34n interfaces with fluid
supply 68, which is 2 pump and suction apparatus {0 provide
control of volume and pressure of irrigaton fiuids into-
duced into body cavities. The systern senses and reports
pressuze, fow. and staws. The sysiem interfaces with the
CPU and preference database via 2 R5232 protocol. or
device speciic protocol. Database preferences for pressare.
flow and operations are communicated to the device. and
status is remrmed by the device to the CPU. Pregsure and
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fiow parameters ars controlled based op user ideadification.
procedurz. or a combination of user and procedure.

Medical device subsystem 3do is a gencric ipterface 10
conform to the evelving medical device control standard.
whereby other pumping, light. or other medical device can
be operated via a standard interface comruunication between
the CPT; and the devics. The system supports standard o
non-standard interfaces inciuding serial. paratiel. SCSL
GPIB or pther protocais.

PCMCLA adapters 34p interface with printers and film
recorders T2. which can be controlled via a parailel. SCSI,
or GPIB interface, coupled with a device-specific software
driver. As in all devices in the system. the device-specific
driver translares generic comménds from the system into
specific commands understood by the device. The device
driver also interprets device specific-status reports. translat-
ing them 1o specific or generic reports and requests that are
interpreted by the CPU, and result in continued operation, of
error reporting.

Printers and film recorders 72 can iaclude a post script
printer. Coaforming to Adobe past script level 2 page
description language, a text file containing information
sufficient to allow readering of the image is transmitted to
the printer. The description contains all necessary data 1o
allow the raster image processor to size, scale. and position
text and images. Data is transmitted in a device-dependeat
maanner as either binary infermation or ASCLL character
strings.

I connection with the use of film recorders, raster infog-
mation is wansformed to the appropriate resclution by a
bicubic interpolation routine. Sizing and gamma correction
is done using standard algorithms. The image is separated
into red, green, and blue components. Using device-specific
Jook-up tales, the color-specific intensity of each data point
is transiated into a film-specific exposure time. The data is
downloaded to the imaging device that accomplishes expo-
sure of the film in a red, grzen, and blue cycle.

Printers and film recorders 72 can include a 24-bit true-
color V(A device. Raster information is presented to one of
several supported display devices by translating pixel infor-
maticn and CPU instuctions to the display chip. using
protocol provided by the chip designer, manufacturer.

Referring to FIGS. 3 and 4. details of video subsystem 3
are showa (it will be understood that video subsystem Ukis
identicat to subsystern 34}, Video subsystern 34f resides on
full length PC card, and contains the neccssary processors
and memory to allow real-time gain and offset contrel, and
matching of multiple inputs to multiple output timing speci-
fications for display. pan, zoom, video overlay and digical
signal processing. The system contains a resident, read only
memory BIOS that allows this subsystem to operate in a
limited fashion as long as power is good. even if other
compenents of the host syscem 10 fail.

The functions of vidzo subsystem 34j are performed on
the board in Tesponse o software commands to the board.

The multiple functions of video subsystem 347 include:

1. Encoding and decoding RGB. NTSC. Y-C and PAL:

2. Synchronization functions: acquisition synch, display

synch. pixel clock control and synch conversion;

3. Digital signal processing (DSP);

4. Image manipulation operatons such as 200oming and

panning:

5. Drawing graphics such as boxes-and lives;

6. Conmal of video memory (L., in. our);

7. Controiling aspect ratio;
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$. Salect between display of:

{a) the image that currently resides in the frame buffer.
[»'4
(b} the live image:

9, Definition of input and display device parameters;

10. Acquisition asd dispiay look up table controls:

11. Acquisiion and dispiay weighing. adjustment:

12. Color extraction and object recognition fuactons,

13. Masking functons;

14, Video display/ovetlay keying;

15. Convolution:

16. Management of programmable events;

17. Mathemarical opararions on video signals,

1§. Inter-image operations and manipulations:

19. Histogram extractions from images;

20. Operations on defined areas of interest;

21. Morphologic mamipulation of image information;

27, Extraction of a profile of pixels for a defined sample

range;

23. Control of pixel flow between host and subsystem

memory;

24, Extraction of the run-length of an Image;

25. Controlling the transfer of host and adapter memary

buffer lines;

26. Controlling the range and offset of analog-to-digital

CORVerer;

27, Write and position text;

23. Analog-to-digital conversion;

29, Digital-to-analog conversion.

The majority of the functions performed on the video
subsystem 34j are controlied by the Texas Instrument 34010
chip. Other chips and functions can be added including DSP
chips that can perform some of the histogram funcdons
(described below) or other caiculating functoens more rap-
idly.

I{lany of these functions may be reproduced in softwars
for still image processing and real-time processing in virmal
memory of host processor 390,

As shown in FIGS. 3 and 4. video subsystem 34 receives
ar image 80 (to be displayed. e.g.. on CRT display 60)in any
suitable format (such as RGB. NTSC. Y-C, FAL. or PAL
Y-C). The image is applied through an analog signal con-
ditioner 82 and a range and offset controlier 84 to au
analog-to-digital converter §6. The digitized image is
applied to a synchronization module 88, which also receives
as inputs a camera synch signal 90 {and possibly ather
exiernal wiggers 92). Synchronization module 88 can also
generate synch signals for ene or mere input devices (sach
25 cameras). The synchronized image signal 34 produced by
modite 88 is passed to graphics processor 96.

Graphics processor 96 performs the graphical functions
described above (several of which are listed in box 98) on
image signal 94. The imags produced by graphics processer
96 is s=nt to frame buffer memory 100 for subsequent
display. Graphics processor 96 also returns information
about the live, processed image 1o host CPU 38 via bus 36
{or via a local bus within pérsopal computer 12). CPU 38
responds to this inforrmation, and to the display preferences
(from preference database 24} of the particular physician
who is using system 10, by dypamically adjusting ome of
more display parameters of the Lve image in ths video
subsystem. The system cax also send insuctions and sewp
parameters 1o the video input device.
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Histogram processes are standard mathematical distribu-
ticns of the digital values represendng cach of thered, green
and blue components of each pixel. Histogram and distri-
bution functions are resident in the graphics processor $6. In
1esponse 1o a command from the CPU 38, via bus 36. the
graphics processor wilt return a table of valuss correspond-
ing to the output of the histogram operation. or a selected set
of values as specified. These functions are part of the
standard fupctonality of the TMS 34010 processing chip.
Some ar all of these functions can be reproduced on the CPU
using software emulation of the graphic processor function.
Software program 14 compares the result of the specified
operation returned by the graphic ‘processor 96 to a tax-
oncmy of values stored in the preference database 20. and
exzcutes the response correspoading to the values. The
taxonomy of values can correspond to user, system, ot other
designations that can be modified by the user.

Ir response to histogram calculation on an area of the
image. the system can download new camera (Input sousce)
configuration tables. This results in carrection of the input
signal, as compared to eahancement of the signal that occurs
on the video subsystern card in the digital realm.

Examples of the processing performed by CPU 38 on the
irage include masiing 102, keying 104, VGA-. video
source-, of CPU generated-overiaying 106, zad output lev-
eling 108.

Masking involves selection of portions of an image by
colar or edge detection. Masked areas of the image can
either be the target for further processing or excluded from
further processing.

Keying involves selection of areas of the image by color
attribute. The area of the irmage with a designated pixel o
color value can be operated on (e.g. replaced with other
pixels. changed to another pixel colar or value, etc.). Keying
operations are performed by sarcpling areas of the image
designated by a preference stored in the database or program
itself. sampling the area for digital color level in R.G.B or
other suitable mode, and selecting or excluding pixels from
the image matrix based on the sclection criteria. For
examplz, the black border around ar arthroscopic image can
be excluded from image processing operations by sampling
the black border. selecting it and excluding it from further
operations.

Overlaying involves dispiaying text. graphics, or other
images on top of the image, This method is used for display
of status and some display of text.

In addifon. CPU 38 adjusts (where required by the

preferences from database 26) such display parameters as
display synch, pixel rate, and frame control (118). The
resulting image information (consisting, e.g.. of BLUELUT,
GREEN LUT, RED LUT, and SYNCH) provides the output
112 of video subsystern 34f.

The zooming function performed by graphics processor
96 allows real-time images or still images to be magnified by
a user-specified value. The zoom can occur concentically
abolit a point specified by the user or preference database.
The usual specification for zoom concentricity is the central
point of the image, although any point may be specified.
Image processing is done to aliow the highest guality view
of the magnified image. This is either a specific hardware
routine or can be performed in software in a virtual frame
buffer. In this implementation, a zoom comupand issues a
hardware call to the graphics processor 96, The software call
specifies the magnification value, as well as the x.y coordi-
nates of the location of the zoom. which in one implemen-
tation is the center of the image. The zoom ocowrs by pixel
replication, resulting in apparent magnificatien of the dis-
plaved image.
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In addition, execution of the zoom funchon adjusts an
electrical potential output (not separately shown) that allows
any external device to interpret the potential and adjust light
intensity so that the light leve: is appropriate 1o the magni-
fied field of view. The electrical potential is related to the
luminance or brightness of the reduced field of view caused
by the zoom. as opposed 1o the entire incoming video signal
This aliows appropriate light level for the area being visu-
alized.

If an image is saved (i.e., “captured.” as discussed below)
during zooming. a tag is piaced in the image file header, The
tag alerts an output devic that uses the image file to display
or print the irnage as zoomed, Le.. in the same manner in
which the image was displayed to the user at the time of
capture. Adternately, the device may ignore the tag. and may
print the image without modification. if this is so specified
in the preference database.

In the non-zoom, or 1:1 mode. area of interest processing
can be used to generate a light source control potential that
is weighted for a defined area that is a subset of the entire
viewing area. This area of interest can be dynamically
changed by an algorithm in the software. Area of interest
processing is implemented by selecting a defined set of
pixels that is a subset of all pixels that compris¢ a piven
frame. In one implementation, a circular or square sub-
sarple of pixels is selected by an insruction from the CPU
to graphics processor 96 that specifies the range of pixels, as
well as the X.Y location of the offset of the selected pixel set.
This same selection tzchnique is also used to perform
comparisons of several selected areas of the image. For
example. in an arthroscopic procedure. the subsample area is
defined as a circle in the ceater of the image, with a diameter
equal 10 the smallest dimension of the imaging arca. Image
processes, and all image functions of the graphic processor
96, or software emulation of these functions, can be per-
formed on the selected area in the same manner as they are
perforoed on an entire image.

System 10 also provides for manual, user-prompted con-
trol of gain and offset. specification of multiple values for
gain and offset in prefercace database 20, and a real-time
process for automatic coptext and value-sensitive means for
control of gain and offset. Automatic adjustment is accom-
plished by mathematic processing of the signal In areas of
interasst on the live or incoming video. In one
implementation, the individual RGB gain and offset param-
sters are reduced to user selected cootrols for brightaess,
contrast. and hue. The brightness, contrast. and hue fanec-
tions allow the user to adjust multiple video parameters in a
linear or non-linear fashion in & familiar, and simple manper.
The combination functions of contrast. hue, and brightness
simultaneously adjust multiple gain and offset features in the
R-G-B domain, resulting in image changes that mimic the
adjustment of a television, The system may also contain a
number of preset gain and offset groupings. The groupings
cap be related to specialty or procedure, These presets may
be accessed by sequential. single ey offser adjustment
commands from the remote costrol. The systerm provides a
standard. or default setting that produces an ourput image
+hat is the same & of sirilar to the input video signai. The
gain and offset setings are implemented by modification of
the input or cutput lookup tables (LUT's). processes fmple-
meated by the dedicated graphics procsssor. limits on the
digital-to-analog er analog-to-digital conventors. or chip-
specific Instructions to the video sncoding or d=coding
hardware.

For example, there may e several gainfoffset combina-
tions that are useful for a gailbladder. A single keypress on
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the remote would cycie through the prese: settiogs. The
operatng range and incrermental change per press ¢an be set
by specialty. surgeen, or procedure. This is considerably
more fiexible and functional than adjusting the video using
switches or dials. which are impractical to use during 2
procedurs, .

An important feature of this system is moniioring for
vidco signal. The software can monitor when the poard of
the video subsystem has live video input Lack of live video
input generates a message o the User to correct the defi-
ciency.

Another important feature is the direct video signal
bypass. Because the system is placed in the video stream.
failure of the systern could interfere with completion of the
procedure. For this reason, a second path is provided for
video directly from the vidso souree to the screen o that the
procedure can continue even if these other funetions added
by the system are lost

The architecture of video subsystem 34f allows images to
be displayed it a varjety of formats according to the pref-
erences of the physicians that use system 1¢. For example,
referring also to FIG. 5. a pair of video subsystems My, ML
are wire-ored together to produce a “picture-in-picture”
output for display. Both images are applied to each video
subsystern 34, 34k, Each subsystem 3, 34k processes one
irmage and simply monitors the other image for synchroni-
zation purposes. For example, video subsystem M pro-
cesses input 1 and monitors inpat 2. leaving it to video
subsystem 34k to process input-2 (and monitor input 1).
More than two inputs can be used. if desired.

The irnage inputs may be cither synchronous or asynchro-
nous. That is, video signal synchronization can occur at the
igputs to subsysterns 34j, 34k via a system-generated synch
signal. or at the level of subsystems 34/, 34k in display
management by CPU 38. Host CPU 38 and program 14
control the output video, the asynchronoas video signals to
a single output display. The wired-or connection provides a
current drive that adds the two image signals together. The
sizing, location. and priorties of the two images are
selected, switched, and defined based on the preferences set
forth in database 20 and the sterile field controls {(2.g.,
remote control 48, FIG. 2) operated by the physician or other
user. Each signal input can be individually processed and
controlled with the multiple image and signal processing
functions discussed above. The CPU comroands for han-
dling the multiple images ars in additicn to the commands
listcd above. and are relayed to the subsystems 34j, 3dk via
bus 36.

In pargcular, prioritics of location of images can be
controlied by software-controlled placement of a “black” ar
“blank” signal. outside the value of pixels found in a typical
image in the output image. At the cutput stage. the video
sigaals are combined cr added, so that the second (or third.
etc.) live video signal is added to the black or bjack area of
the main image. The resident image processor. which pro-
cesses the signal for an image designated to occupy less than
the full available display. can handle reduction of the image
display size. The reduction of display size can be accom-
plished by a pixel or line subsampling. or pixslline com-
bination by 2 mathematical weighing of pixels. This results
in more accurate spatial and color reprzsentadon in the
image. even though the actual number of pixels used to
display the image is diminished.

Alrernatively. a lower-cost implementation of picture in
picture. or simultaneous display of two image imput sourcss
on the same dispiay. can be accomplished by a sofrware-
controllad video switch applied at the input side of 2 singie
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video subsystem 34 The video switch contains standard
circulTy for the combination of an analog video signal. In
addition. a software-controlled switch toggles berween inter-
pasitcn of the video switching apparatus. of direct input to
subsystem sighal commenication from the primary vidzo
input source. When the switch is implementsd, the input
signal to tae video subsystem will consist of the combined
sighal from both video sources. The composition of the
combined signal will be dictat=d by the video switch cir-
cuitry. The videc processing functions of subsysiem 34 can
be implemented onty on the combined signal. as opposed to
each individual comporent signal corresponding to each
individual video input source.

Referring to FIG. 6. another function performed by video
subsystem 347 is capturing images from frame buffer 160
(FIG. 4} and storing the images in memory.

Capture can occur by direct operator interactions (via,
e.g.. emote conirol 48 or a pointing device). A single button
press can take a snapshot of the current informaticn on the
screen and ransfer it to 2 memory media as a digital file.
This system provides additional logic to allow toggle
between ‘freeze” and “live” until the desired image is
frozen. The image can then be saved to memory. by execut-
ing save command 120. Thus, the surgeon can elect to save
or discard any image.

The freeze and capture functions can be conirotied by any
data input device 22. One implementation allows control by
hardwired buttons on the camera 44 or infra-red handheld
remote control 48, The review function 122 displays ail
irnages captured. cither as a composite of many postage
stamp size images. of as a sequence of full size images. This
allows the operator to be sure adequate images have been
captured.

The system allows the user to view all acquired images
that are related to a specified procedure. The images are
viewed as an array of images, reduced in size to allow
several irnages 1o be viewed on a single screen.

The multi-image viewing function allows the operator to
review acquired images during or after the procedure to
verify that adequate images have been obtained. During a
procedure. the review function is accessed by a keypress,
infrared remote coatrol signal, or camera button function.
All images acquired during the active, or relevant case are
displayed in an array of multiple images on a single screen.
The maximum number of images per screen and the size and
location of the image display are designated in the program
setup aod user prefersnce database 20. Additional pages or
screens of images are added to allow review of all acquired
images when the pumber of acquired images exceeds the
maximum number of image dispiay locations specified for
the review screen. The user can page forward and backward
through the acquired images. Another operator signal causes
the system to retum to the live video acquisiion mode or
exit the acquisition mode.

Thus, the system allows the user to rapidly review all
images stored during a procedure prior to completion of the
procedure. The systermn pravides for rapid alternation
berween a page of “postage stamp” miniature representa-
tions of stored images acquired during the current procedure
and live image acquisition.

After & procedure. images acquired ars presented ia a
similar multiple image per sarcen display manner. Images
can he selected from all available images using the database
gquery mechanism. or by relationship to any crittria specified
by the aser, or other programs employed by the user. When
used in this mods. a function is provided to allow the user
1o select an individual image from the mult-image forma:
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displav, After selection, the designated image is displaved at
full screen scale and size. AT this time, the user is presented
with additional cptions for image manipulation. printing.
annotating (adding text 1o the image), moviag or copying the
image to another location of file. or delefing the image.

The speed of transfer of images is important. as is the
simultaneous creation of a postage stamp size image to be
used later for the review functicn and an image library
browse function {described below).

The frame buffer is transferred to a designated set of pages
in memoary as planar pixels (one plane sach of red. grecs and
bluse). All operations on the pixels are performed in RAM.
The postage starap image is subsampled by a rapid schemne
that only performs the dual writes of designated pixels with
minimal CPU time. Disk write, which is the slowest of the
functions. is performed by block writes, which are the fastest
way to do this.

The review function works as follows: When the com-
mand to review is issued, the system looks at the current
image directory and prepares space for onie postage stamp
per image in the directory. The system pulls up the postage
stamps apd loads thems to memory by reading the designated
part of the image file by offsct so that no calculation or
reading other than the image is required The layout of the
postage stamps for display is specified by a form. This
makes it fast. Once the page is configured in memeory. it is
transferred to the display device. The review function oper-
ates quickly. thezeby allowing surgeon to see what's already
in memory, which is an important featuee of the system.

The samme method is used to display images in the library
txowser function. but in the browser function, the image
itseif is used as a buttor that. when activated. results in
display of the full screen version of the image associated
with the postage stamp.

The size of the postage stamp size images and the layout
of the browsing screen can be sct by prefersnce. In one
embodiment, it is 3 rows of 4 image each, When the number
of images stored exceeds 12, additional pages are composed
and displayed 12 images at a time.

FIG. 7 iliustrates a “tour” functon performed by system
10. Preference database 20 contains, for each physician who
uses system 10, one or more “scripts” 130 for designated
captares of images. When the tour function is initiated (132),
system 10 prompts the physician (134) to capture images by
anatomic site, pathology or other designation. Prompting is
performed via a graphical object or a text clae imposed on
the displayed image that guides the oparator to the proper
position for capture. The physician has the opportunity (o
skip an image or acquire additional images durigg the tow
(136). Upoen the completion (138) of the script. systzm 10
has captured and identified a series of images (140) specified
in the script.

Multiple tours, ic. pre-op and posi-op tours can be
designated (142), Pre-op and post-op tours advantageously
show pathology and post endoscopic procedure results or
status. If multiple tours are specified. systere 18 selects (144)
the seripts for the tours from preference database 20 ina
logical sequence that corresponds to the natural flow of the
surgical procedure. The format of the printed output may
idendfy the sites as pre- and post-intervention.

A special case of tour is invoked when images acquired at
different times during a procedure are to be displayed cna
single tour print format. In this instancs. it is desirable
interTupt or resume a given tour. When a tour is configured
such that it can ba interrupted, sequential “start tour” com-
mands will cycle through available tour scripts. For
example, 3 tours can be attached to a given form. aad
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desigrated as interruptable. The first start tour command will
initiate tour script #1, 2 second kevpress advances 10 scTipt
#2. a third 10 #3, and a fourth start tour command Fewurns w
script #1. If an image {s preseat for a given prompt in the tour
script, it is displayed to the screen. At this time. the user
presses “skip” to advance to the next prompt, of “capturz”
to return to live video. discard the image associated with that
prompt, and re-capture an image to be associated with the
prompt. Altematively. the user can specify that rz-aclivation
of an incornplete tour will stop only at prompes that do not
aiready reference an associated capture image.

The available tour scripts are refated to the form in use
when the tour function is initiated. The printed ousput of the
tour and its lzbeling are specified by the output formar file
called by the tour. The combination of the system promgts
to the user and the logic used to prepare the tour seript are
what give the system the ability to infer something about the
contznt of the image for use in the tour formats where text
labels. stock images and layouts are added to the hmages
without further user intervention.

Referming also to FIG. 8. the tour function also includes
automatic annotation (156) of images obtained in each tour
with predefined text or graphical information. The tour can
also specify composition of printed or other output. com-
bining acquired irmages and/or stock images or diagrams that
fend clarity and context to the images acquired (step 152).
Page formatting allows multiple images in multiple sizes to
appear on. a single page or on multiple pages.

Printed page layouts can he defined and modified based
on a taxonomy defined when the user defines the functions
of tour. In one embodimert, the page description language is
post-seript level 2, but other interpseters for conversion to
other file formars can be added. The tour mode script will
define how images capmred in the tour mode will be sized,
scaled, displayed. arranged, formatted and labeled. Images
captured in the tour mode will define how they will be
displayed, arranged and labeted. Additional drawings,
diaprams, or stock images can be pulled into the defined
page layout Once defined, the layout can be stored, or
printed to hard copy or slides.

Inapes captured randomly (outside of a defined tour) in
an unstructured capturs (step 146 in FIG. 7) are formatted by
2 user-defined algoritim. or a default format is used in the
absence of user instructions to the contrary. This layout
formats pages to conform to a predstermined optimum
number of images and spatial arrangement based on the
targee printing or display device specified in the user pref-
ercace (as set forth in preference database 29). In addition,
the user has the option to select the maximum number of
irnages to be displayed on a page oa the sclected device. The
selection can be made at the time of printing. In the event no
selection is roade, the system will use the default format
specified in the prefersace database. In all cases, image size.
scale and position will be automatically calculated by the
system prior to printing.

Tnstructured captures are printed in a manner such that
they are visually pteasing and occupy the maximum imaging
area available on the target cutput device. These caleulations
are performed at the time of output. and are specific to the
capability of the target printing device, Video printers are
known that will print %4 of a page if the 4 picnore per page
mode is set if only one image is in memory. In the present
system in contrast. the image print format is selected based
on the number of prints to be printed. up to the maximum per
page specified by the user preference.

In a session in which both tour irnages and rapdom images
are acquired, a page layout for the prints will be generated
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consisting of a tour format plus a random forrmat based cn
desired output device. The user can configirs and modify
the laycut at any time. I no user selection is rnade, a default
layout is used.

Referring to FIG. 9. system 10 also provides a stmple
technique Tor overlaying text or graphics oo the acquired
images (the technique can alsoe be performed via a laptop of
paimtop computer or other suitable computing device that is
externally connected to personal computer 12). The resultant
image is 3 composite of the annotation and overlay. so that
the acquired image remains unchanged. The overlay text is
anti-aliased for improved appearance. Anti-aliased rext is
used extznsively throughout the imeractions with the sys-
tern. The anti-aliased text uses broadcast standard anti-
aliasing technology in which text and background colors are
raanipulated on a pixel by pixel basis to give the illusion of
smooth transidon and well-defined text borders even white
the system is operating in the RS170 display standards.

Thus, the system formats acquired images to improve the
communicating value of the images. Communicating value
is emhanced by cornbination of the images with text infor-
mation from the database or with user-directed text
inforrnation. and by formatting images into a printed amay
that may include backgrounds. previously stored images.
text information, and sizing, scaling, or orientation opera-
tions. The formatting functions are automated based on
user-defined or specialty-defined rules. Image formats are
selected based on context. i.c.. based on the script method
described above, the procedire, of the identity of the user.

Text display by the system is performed in 2 modes: raster
and cutline. In raster anti-aliased text, a color map picaire
for each letter is used. Outline fonts are mathematical
descriptions of the bounding lines of the text. and instruc-
tions to fill the inner portion of the text

The use of anti-aliasing technology is important so that
the text looks good on the interlaced screen.

The system provides the following important features of
annotation:

1. The annotation does not damage the underlying image;

2. The aonotation cac be positioned using either a
keyboard. a mouse, or other pointing device;

3. The starting point for annotation box location can be
specified; in one embodiment, the starting point is in
the center of the screen, which minimizes the distance
the user needs to drag the text;

4.The color of the apnotation (default is vellow with gray
drop shadow) {s selectable, but contrasts well with most
endoscopic images;

5. Proportion and location of annotation is mmaintained
when images are scaled for output.

Annotation generally starts at the image browser or
library page. The desired image is selected by positoning
the cursor around the desired postage stamp size image. The
image file is then opened.

Starting with the image file 160, the operator {e.g.. the
physician) selects the text or graphical objects with which 1o
anpotate the image using one or more suitable data input
devices 22 (FIGS. 1 and 2) (step 162). The input device is
also used 1o locate the text or graphical object on the image
(stzp 164). Object atiributes such as font, color. and size can
be selected manually or may be supplied by preference
database 20 (step 166). The information that specifiss the
size. location. and other attribates of the graphical object are
stored as relative coordinates in an overlay (step 168). and
thus do not affect the scurce image. Finally, the objects and
text are resized as the image is scaled for display (step 169).
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Printed cutput of the image/overkay cormposite will appear as
if the overay were part of the image irself.

Annotation can be performed in a similar manner at both
the image and page layout levels, A single image or page
layout can possess multiple apnotation overlays. Single or
multiple overlays may be presentsd as a composite with the
image. The overlay may also possess the auribute of
ranslucency. ranging from obliteration of the underlying
image o Tansparency in areas in which the overlay is not
visible. Thus. the annotation can be pardy wansparent.
Single or multiple overiays may be atached to an image at
agy time.

System 10 also displays system stafus and functions to the
user in a format and style specified by the user. A CPU-
directed digital video keyer 1084 (FIG. 4) adds the status
overlay to the video signal displayed by the system. in much
the same manner as discussed above, The overlay includes
text information, graphics, or other images. Thus. the system
can use software intsiligence to display the status of con-
nected devices or the status of the system itself so that only
important status information is displayed. The information is
displayed in the way that is most useful to the operator.

FIG. 10 illustrates several different options available to
the operator for entering the apnctation information. An
important functionality is “pen based” computing using a
commercially available pen-based hardware 54 {FIG. 1) as
the input device. but similar functionality may be obtained
with other input devices. The endoscopic image is displayed,
and the input device (e.g., the pen-based system) is used to
annotate, manipulate, or process the image as discussed
above. Using the pen-based systern, the operator actually
priats or writes on the screen. and systern 10 wranslates the
pen strokes into machine-readable characters. System 10
includes a search/shorthand capability to expand characters
to an expecied or defined word or most common “near hit.”

The pen-based system also pravides an extremely
straightforward device for allowing the user Lo draw lines.
squares, and circles, and for controlling area of interest
processing and color.

As discussed above. annotations are stored as text and
location so that when video formats are changed. or irnages
are scaled to larger or smaller sizes, the aspect ratio.
jocaticn, and contrast of the annotations with respect to the
irnages arc maintained.

As discussed in more detail below, system software 14
(FIG. 1) includes an image processing rnodule or engine for
enhancing the visuai quality of images. Techniques iraple-
mented by softwars 14 {nclude multiple methods for video
nojse reduction, masking. smoothing, sharpening. contrast
and histogram adjustment, contrast stretch and contraction.
Software 14 alsa agalyzes the image and adjusts the algo-
rithms to optimize the image based on predictable
procedure. specialty, surgeon, or otber predictive factors.
Software 14 also uses multple analyses of the source image
to dynamically adjust the iage processing pararneters.

Image files created by system 10 are stamped with an
internal “authentication” code not accessible to the user to
designate the file as uncorrupted or sgucturally changed for
legal purposes. Any image process that would substandally
alter the information contained in the file causes this stamp
{dirty bit) to be modified, thereby indicating that the file is
1o longer primary sourcs documentaton. The utilities pro-
vided 1o cause image modification provide an opportunity to
copy the image prior to modification so that alterations can
be performed without compromising the evidentiary quality
of the documentation.

Referring to FIG. 11. s discussed above, video subsystem
34f processes images dbtained during endoscopy for display
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on virmally any type of display device and in anv suitable
format Prefersnce darabase 20 supplies the copversion
information that specifies the file type of the output image
and the process to be performed (step 170 Video subsystem
34 uscs this information to process the raw imags data 172
(stzp 174). Tt is immediately prior to this point that the
authentication code is apptied to the image file (sip 176). If
desired. external conversion utilities are applied to the image
file (step 177). The imags ourput file 178 is then processed
for display (step 17%) in any of the formats listed in FIG. 11.
Processing occurs via a process of color reduction, whereby
in the transition from a high (e.g.. 24) bit depth to a lower
bit depth (e.g.. 16. 8. or gray scale}. the process is one of
calculated seiecsion of specific ‘color representations o be
retained (as opposed to arbitrary file trugcation). The color
reduction techaique is based on commonly used algorithms
including frequency and domain calculation. The available
palette of colors is used to best represent the colors present
in the source image. Processing oceurs via a process of coler
reduction, whereby in the transition from a high {z.g., 24) bit
1o a lower bit depth (e.g.. 16. 8 or gray scale). the process is
one of calculated selection of 2 specific color palette 1o best
represent the coiar fidelity of the source image, as opposed
to arbitrary file truncation.

Referring again to FIG. 2. conmols of a VCR 66 are
programimable using one or more data input devices 22 {e.g..
remote control 48). Signals from remote coatrol 48 are
interpreted by 2 command interpreter in remote control
adapter 3dc according to preferznces stored in database 20
that associate actions taken by remote control 48. such as the
actuation of one or more buttons on the device, with a
command. The command interpreter relays the appropriate
command (e.g.. for record, stop, pause and play) to VCR
subsystem 3dm. which in turn transmits the commands o
VR &6. either via a hardwired connection or via interpreted
and generated infra-red signals.

In the hardwired implementation, the handheld infrared
signal is processed by the receiver. A code is reported 10
CPU 38 via bus 36. and CPU 38 dispatches a command froma
the device driver specified in the database to the end device.
in this case. a VCR. The command is dispatched via an
RS232 interface. or a device-specific interface. In the RS232
implementatio, the device may return an acknowledgment
ar error response that is interpreted and processed by the
CPU. In all cases. the device driver contains the logic and
rules for interpretation. such that the command processor
and CPU interact with controlled and control devices in 2
consistent and standard manoer. .

The invention supports the use of an internally mounted
super-§ format. S-video recording apparatus. This apparatus
is supported as follows: The systemn utilizes high quality
video-8 and high-8 standard miniature video tapes. The
operation of the system (record. play. tape motion and
power) are controlled by an interface to the CPU. as a
subsystem. Tape counter information related to te relative
position of the tape is communicated to the system database.
User commands are issusd to the device using any of the
system-supported contrel interfaces described hereinafter.
When a user issues a record command, the system actuates
the video recorder for a specified pumber of seconds. The
systern indicatss the record operation to the user via a screen
or audio signal. An icon representing the video cHp is saved
in the image browser. An zudic annotation file describing the
video ciip or a text description of the information in the
video clip can be associated with the icon. The {con itself
contains the tape counter address of the clip. The system can
issue comrmands to the tape device to queue the devics to
play the designated segment of the video tape.
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In the infrared implementation. the handheld infrared
ransmittsr 48 generatss a signal that is handled in two
possible manners: 1) the target device dirsetly receives.
interprets and responds to the infrared emission of the
handheld device. or 2) the system infrared receiver interprets
the infrared emission of the handheld unir. and then sends a
command to another infrared emitter to emit an infared
signal that can be interprated by the target device. In the first
case. the handheld upit comtains memory for codes to

o produce the correct infrared signal or sequence of signals.

In the second case. the database contains a taxonomy of the
signals, and rutes for selection of signais. Ia this way. the
systemn remains generic, and able to support a wide variety
of devices. In addition, user-specific definitons can be
applied to the rules for selecton of signals such that the
same keypress may result in different operations of the target
device. Such preferences are stored in the preference data-
base.

A provision is also made fer support of a system in which
frame-by-frame address information is written oot the
video tape. Frame addresses are stored in e imaging
system database. and can be nsed to index. record. and
playback videotape on a frame-accurate basis. Frame-
accuratz code is applied to the videotape by one of several
commercially available personal computer interfaces. The
interface reports time codes to the host computer. while
simultaneously recording the frame informagon on a special
track on the video tape. The host computer relates the frame
numbering information to the database. Later. the host
computer rewieves the frame information. and issues a
command to the VCR conrrol interface. The interface is
capable of controlling all functions of the VCR with frame-
by-frame accuracy in response to commands issued by the
hast computer. A typical command interaction would be as
follows: The host issues a search command, and reports a
frame nember retrieved from the database. The interface
causes the VCR to read the special track of the information.
and advances the tape to the desired frame, where the VCR
pauses. waiting for the next command. A “ready” response
is returned to the CPU via the interface. and the nexi
command is issued.

System 19 is also capable of interactive recording or
playback of audio signals. The audio material is written 10
and played back from digital files by an audio adaprer
subsystern 34 (not separately shown in FIG. 2).

Referring also to FIG. 12. the operation of system 10 in
esponsé to the remote control devices that can be used with
the system is shown. As discussed. the remote control
devices include infrared remote control 48 and voice pickup
50. Other remote contrel techniques. soch as detection of
pupillary ¢ye mavement or the closure of contacts on. ¢.g..
a footswitch, may also be used.

Voice pickup 50 enables the operatar to perform spoken
actions. The spoken speech is processed by a voice activa-
tion subsystem. The speech input is compared to the pref-
erence database taxonomy. and the appropriate action is
communpicated to the target device impacted by the com-
mand.

“Thus. actions taken by the operator can include speaking.
pressing a buttor. contact closure, or other actions.

In response 1o an action taken by the operator. such as the
depression of a button on IR remots control 48 (step 180).

. the subsystern 34 associated with the device {in this

example. remote conTol adapeer Mc) detects the signal (step
182) and interprets the signal (step 184) using information
stored in an internal memory (not shown). Subsystem 3¢
then accesses preference database 20 (step 186) to determine
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the action to take in response o the operator’s command
The action is communicated to ths device driver for the
device that is impacted by the command (stsp 188). and the
action is performed. Thus. a generic acton taken by the
operator is transiated 12 a device-specific irstruction acoord-
ing to the preferences of the particular operator stored in
preference database 20.

The same action can result in diffsrent commands or
actions depending on when in the proczdurs the action is
taken. or what procedure is in effect at the time. The
saxonomy of Tesponses and logic for zesponse selection Is
stored in the preference database. The commands are issued
and received as generic cormands. and then interpreted by
the software of the system based on the rules specified by the
preference database. The responses are governed by identity
of the user. the procedure. or other information input into the
system. Additional functions can be added. using a minimal
number of controls at any given time. Because the selections
will be relevant to the context of the job at hand, the
functions presented to the user will be the smallest sub-set
of all systern functions required to complete the given task
at hand. In addition. the actual operation of the functions can
pe adjusted such that the increments of the response will be
tailored to the expected ranpe of operation in a given
circumstance. For example, in a procedure in which large
differences in brightness are amticipated. the incremental
response to a single brightness incyease command is greater
than the incremental response to the same brightness
increase command issued duriang a procedure in which
gmaller differences in brightness are anticipated. Further.
within a single operation, the sensitivity of increase is
dynarnically. or ballistically, compensated. Jssiance of mul-
tiple repetitive commands results in increasing incremental
change. In this way the system is both rapid ip response, and
sufficiently accurate in response.

The system integrates and distributes comraands to the
appropriate subsysicm. Le.. one & many mechanisms to
capiure operator desires can comrmunicate to one or mote
subsystems.

The available input devices can inctude keyboard. mouse.
hardwire¢ and wireless remote contrel. speech recognition.
and hapdwriting “pen. based” devices. The input devices
accept generic commands such as keypress. switch closure,
ar receipt of an infra-red signal. The input handling eogine
of the interface compares the generic input of the control
device. racches it to the action specified by the user pref-
erence database (deseribed below) and issues the correct
command to perform the action or response specified in the
preference dambase. In this way, the same peneric action can
result in isseance of differcol commands based on the
contsxt of use. identity, or other characteristics of the vser.

The database is structured o contain system-specific
;nformation, user preferesces. patisct text and image data.
The user interface provides different and function-specific
access to each of these database functions. System-specific
information relates w available system resources and pre-
ferred configuration. This information is stored on the main
system hard drive. Access 1o system-specific information is
provided in a structured mend accessed by entering “sstup”
at the login screen. Setap is a reserved login ID. outside the
normal end user operation of the systerm.

User prefevences and jdentity. in contast. are stored on
removable media. and are accessible only after creating or
logging into A user account by enwy of an appropriate
password. In this way. usar preferences are specific to the
user and portable between different focations or host
rnachines. In the svent that a user preference is not suppered
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by a given host device. the host machine interface interprets
the user preference and substisutss the ciossst available
option that the host unit is capable of providing, or desig-
nates the preference sclection as ucavailabie.

Creation of a 02w user requirss specification of user login
. password. secondary password. and speciaity. Defauit
configurations that can include video parameters. forms. and
predefined image caplure sequences are selected based on
tne predicted needs of the operator based on speciaiiy.
Operator-specific modifications can be performed at the time
the database is created. or at a later time by editing the user
preference database usizg tools provided by the user inter-
face for that purpose. The function of logging on to the
systemL once A User is created, provides password security to
user data and resuits in loading of user-specific setup pararm-
eters. A secondary password s provided to aliow other
personnel. such as OULSSS, CCess tc preference and patent
data records with a restricted set of permissions defired by
the primary accouat holder.

Fach removable media stands alone, and contains all
information aceded to initialize and load preferences of a
user on any host system. When removable media is filled to
capacity, the system provides a2 means o transfer user data
lo prepare new media. The system is independent of the
identity of media. or specific media type. The only reguire-
ment for using media on the syseem is that the system
contain the required hardware drive to suppost the specified
media. No sequencing or labeling of media is required As
such. the host unit can read information entered by any
system. as long as it is stored in the appropriate format on
the disk. Similarly, data from the removable carwidges can
also be utilized by database programs external to the sys-
tem's database.

Tn ote embodiment, the video subsystem provides the
abiiity to optimize and cnhance both live and still video
image display based on available system resources and user
preferences stored in the database. The video subsystem
controls are executed by software commands issued to the .
video subsystern by 2 subsystem-specific software driver.
under contro! of the main software engine. The functions of
this portion of the invention relate to decoding and digiti-
zation of the incaming signal, processing the signal. acquir-
ing digital image files and presenting them to the host
interface, digital to analog conversion. and encoding of
output video. Hach step of the process is under software
control mediated by device-specific drivers that implement
the commands by sending control commands to the graphic
processor, A/D and D/A converters and encoding or decod-
ing chips. anithmetic logic units, or digital signal processor
Incomning video signals are decoded to RGB as required. In
the RGB domain, functions are performed relating to man-
aging the video input and output devices including adjust-
ment of pixel clock rate, synchrenization of video signals
from multiple input soerces. conversion of a variety of input
signals to diffsrent output signals or resofutions, histogram
operations on an {mage. contrast expansions, range and
offset adjusnents. everiay functions. combinations of vidzo
inputs. alternation between frame buffer storage of a given
frame and contitucus viewing of live videa. magnificaticn.
scroll and pan functions. look up tablz conversions, frame
averaging. frame doubling. and other functions. These func-
ticns are performed by a combipation of a TMS 34010
graphic processor. an arithmetic logic unit, digital signal
processor. apnalog-to-digital convezters, digital-tc-analog
converters. or ehcoding of decoding chips as required. At
outpur. the RGB signal then undergoes encoding raquired
for the designated display device.
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Enhancement of Still Images:

Stored images are enhanced by a user selection optien for
cphancement that implements a series of standard median.
coavolution. apd contrast enhancement algorithms.
Enhancement algorithms ars run as monochromne algorithms
on each of the red. green, and blue planes of the image where
each pixel consists of an Xy coordinate and a value for the
pixel at the coardinate. In one implementation. the color
value is specified as an 8-bit value. although any value can
be used. The routines to handle this are implemented by
Signal Processing engine. (IGGY 360. described below).
The first siep in processing is to copy. the image data info
EMM. Image processing is perfarmed io memory for spead
The original image file pame is changed. so that the criginal
image can be restored after the processing functions are
completed. The algerithms are written as resclusion inde-
pendent, Resolution changes are handled by bi-directional
interpolation, Linear interpolation can be used for speed. but
bicubic interpolation is useful for quality. The preference
database contains the exact sequence to be followed for the
given instance of selecting the enhance features. The pref-
erence database also contains the informatiot regarding the
desired input and output resoiutions, and parameters for
cach processing algorithm (¢.g.. sharpening factor for sharp-

- ening algorithm}. These values are passed to IGGY 360 at
the time the enhance selection is made.

The following example assumes a pixel value of 8 bits per
red. green and blue value, for 24 bit color scheme. The
image matrix is first interpolated to double the spatial

. resolution of the source image using bicubic interpolator
$01. Next an auto erop function is performed. The mazximum
gray level {corresponding to black for the image) is traced
radiaily outward from the central point of the image matrix
until 5 consecative pixels reflect an assigned maximum gray
level (corresponding to black for the image). In this way the
border around an irnage {which occurs. e.g., when one is
using an arthroscope) is cropped from the image. If the
border criteria is poorly defined (i.e. the edge is not
detected) a bounding band for the crop is presented to the
user for verification or modification using a peinting device.
Image data outside the crop boundary is not modified. but is
excluded from image distribution calculation and subse-
quent processing steps. Next, a distribytion of tha pixel
values versus count is computed for each of the red, green.
and blue component data matrices. In most cases, only a
portion of the available range of 256 pessible valuzs is used.
The values for the pixel values are remapped so that Jowest
pixel value is assigned the value of zero. and the highest
pixel value 255, and each intervening pixel value distributed
among the remaining values by multiplying the orginal
pixel value by a ratio of V2-V1/V2, where V2 is the total
range of the new distribution {Vmax—Vmin) and V1 is the
toral Tange of the originat distribution {¥Vmax—Vmin). In this
way the original pixel valves are distribuied across the
meaxironm range possible for the system while preserving the
sarue relative proportions of cach pixel value to the total,
Next. an appropriate sharpen cozvolution or median filter is
applied to the data using the sharpen or filter parameter
specified by the preference databasc. Sharpen and median
(noise reduction) filters are standard algorithrns based on a
three pixel square (¥ pixel) mawix used on zach of the rzd
green and blue monochrome images. In the sharpen filter.
the values Tor the upper left and upper central pixels are
moultipied by 50% of the value of the sharpen factor. The
upper right corner pixel is multipied by 106% of the value
of the sharpen factor. The lower left pixel is multiplied by
—~100% of the sharpen factor. and the Jower central and lower
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right pixalt are multipiied by -50% of the sharpen factor.
The left and right central pixsls are not changed. The
resultant value for all 9 pixels is summed. divided by 9. and
the cepwal pixel of the mawix is replaced with the resulting
value, The process continues uatil ail pixels are updated. For
noise reducton, a simifar mawix of 3 by 3 pixeis (3 pixals)
is used. replacing the central pixel of the tile with the medizn
vallle. or the median value muitiplied by a factor stored in
the database.

The interlaced noise reduction filter reduces the motion
artifact induced by interlaced acquisition of video, This filter
reduces the “hounds tooth” appearance that results when
motion occurs in the source image between the acquisition
of the odd and even fields of vidzo that comgprise the frame.
This filter results in superior correction of the artifact
without the resolution loss inherent in frame doubling or
frame averaging. The filter works by comparing mono-
chrome pixels in the red geen and blue planes. Pixels in
scan line n and (p+2) are cormpared to the pixel value of scan
line (n+1). starting with scan Hne 1. I the valae of pixel in
scan line (p+1) is more than {a) units (where (a) is a value
specified in the preference database, specified as a=5 in one
implementation) greater than the value of ((mHn+2) 2.
(where (o) and (n+1) are the values of the associated pixel}
then pixel (n+1) is replaced by the valus of ({op<{n+2)72. I
the difference between the calculated values is less than or
equal to {2), then no action is taken. The result is that wheo
significant differences exist between even and odd fields that
cornprise a frarme of video, the differencs will be minimmized,
Whet the difference is within the factor specified. no data
will be altered. Again, this algorithm is implemented on a
data matrix that has been doubled by using bicubic interpo-
lation,

At compledon of the specified chain of processing. the
iaterpolator is called to scale the image to the desired display
size. At cornpletion of the processing. the image is trans-
ferred from memory to the display device or the disk
memory.

Video Printer:

A video printer is operated as follows. The system ger-
erates a video signal that serves as the input for the vidzo
printer, The video signal is created by the system. as opposed
to the live video signal produced by the video input source
during surgery. The signal produced by the system can
include image eghancement, annotation, aod printing of
multiple images on a single priat.

The system generates control signals and receives control
signais from the video printer via a serial connection. These
signals can be used to repiace the operater input normally
required to generate multiple copies of multiple images.
Support of Digital Printing Devices:

Printers capable of imaging and contrel via digital means
can be controlled by serial. parallel, SCSL GFIB. or other
interfaces. In this instance, the system configures a file that
consists of all raster data sufficient to produce the image. and
device-specific digital commands to control the pristing
process. This information is passed to the printng devics.
and status is reported o the system via the interface con-
nection. In this iraplementation. the inveation performs all
scaling, raster image processing. and color opsrations
required to drive a printer that supporis only raster data.
Post Script Compatible Devices:

Printers of devices contaiping raster image processors
cormpatible with post script are handled as follows: The pags
dsscription. control commands. and raw image data are
downloaded to the printer via one of the above-described
intarfaces. The actual coaversion of page description to
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raster datz. including scaling. color corrzction. and other
processes are handled by the raster Image processor €on-
tained in the device. This configuration is much faster than
the wansmission of raster data to the copnectzd deviee.
Interface Operation: Heuristic Process:

The systern minimizes the number of opticns presented 1o
the user at any given tme. The system will select and present
1o the user the smallest subset of available system Tesources
that is likely to bs used for the job at hand. The selection
process is based upon: 1) the resources currently available 10
the system; 2) the resources likely to be used ata given tiroe:
3) identity of the user. or the procedure: and 4) the nsk of
inadverient operation of the system during critical functions.
The preference database contains the rules for operadon of
esource identification and ajlocation. so that the rules may
be updated as system usage changes, or as new requiremeats
or devices are added
Available Resources:

The system will display only those options that pertain to
features that are actbally installed and operational. At system
startup, and intermittently during operation of the system, a
poll of available devices will be performed. Devices that are
present and operational will be made available to the inter-
face. Corrzspending icons will display based on the likeli-
hood thar they will be used, Systems that respond with an
ervor message will activate device-specific diagnostic rou-
tines to attempt to change the device to an operational mode.
or will activate device-specific error handling messages.
These error messages are ported to the user interface by
changing the color of the affected icon tored. and by issuing
atext error message that reports the identified fault. Tssuance
of the error seport is prieritized based on the likelihood that
the error will impede operation of the basic endoscopic
functioaality. For example, deficits in a video acquisiion
source will immediately flag the operater. and suspend
further operation of the system. Non-critical deficits. for
example. a printer for which paper has rut out, will flag the
user when the device is selected.

Context of Operation:

Only available options that are likely to be useful in the
context of the current operational mods of the system will be
presented at a given time. For example. during live video
operation of the system. live video ranipulation and image
capture operations will be available. Options not likely to be
used. such as printing or cutput selections, or options likely
to suspend operation of live video. such as image
processing. are not presented to the yser,

Identity of the User:

Based on the user preference database, the user Is pre-
sented with a user-defined subset of devices and functions.
The available functions are a subset of all available func-
tions and operations.

Two user sign-on passwords are provided. The preference
database contains a table of authorities ihat determine which
functions a user may access. Based on user training, and
authorization. specific functions of the systern may be
Tesmicted. For example, inexperienced users will have
access to system initialization. or preparations for endo-
scopic operation, but will be denied access 10 potentially
desmructive operations such as image or record deletion.
Likelihood of Inadvertent Operation:

During live video operation, the user {5 presentzd with the
most restricted subset of available features and operations.
Most of the feamres presented relate to the oparation of the
real time image processing features. All features have an
immediate sscape, or renirn to live vidso operaticn. Errors
that oceur in an option setected from the live video mode are
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handled by resurn to dispiay of live video mods. with a small
annotation of the error at the top of the screen. Further
operation of other optons will be restrictsd until the con-
dition causing the eror is comectec.

Referring to FIG. 14, the device handling architectirs 192
impiems=nted by sysiem 10 is lustrated This architecture
allows many devices 16, 18, 22, 26 (FIG. 1} t¢ be supponed
by a single operating program 14, Custom configurations are
stored in a taxonomy in preference database 20. which is
refersaced during the configuration and operation of system
10. This architecture. and the structure and organization of
the database (described beiow) allows system 10 to be
platform and device indzpendent—that is, when a device is
added to or removed from the systern. only the software
driver that controls that device need be changed. Portions of
the programs or device drivers may reside in host processor
34, the device itself. of on other media or memory accessible
to host processor 30 and the device.

FIG. 15 illustrates the connectivity and operation of a
PCMCIA adapter 196 (c.g.. adapters 34347 and 34p of
FIG. 2). PCMCIA is az evolving standacd for an array of
devices that include storage. communicating and other
external fuactions. Tn system 1€, the PCMCIA {or any other
suitable standard, such as JEIDA) is used to interface to
multipie input and output devices in a standard mapger
PCMCIA adapter 196 is self-contained and durable, and is
equipped with a standard edge connector for ease of use. No
additional wiring is required; the adapter slot provides
operating power. Thus, the action of inserting adapter card
196 into the siot i host processor 30 is all that is required
to initiate appropriate identification and management of the
device that is inserted.

A PCMCIA adapter 196 may alternatively be located
externally to host processor 30, For example, a PCMCIA
adapter 196 may be disposed in another device (such as a
laptep or palmtop computer 54 (FIG. 2) that communicates
with host processor 30).

FIG. 16 illustrates options 200 provided to the user by
prefercnce database 20 and shows haw the user and CPU 38
interact with preference database 20. Options 200 include
specifications as to video format 202, processing 204. the
videa sources to be used 206, and the configuration of the
hardware 208. In addition, information concerning the users
210 and the hospital 212 {or other facility in which system
10 resides) is also provided. The attributes of the stored data
214, relationships between the data 216 {e.g., one-fo-one,
one-To-many, many-io-one. and many-to-many) are also
provided, as are calculated data field attributes 218. such as
required entry, text, date. numeric, or decimal. Other types
of data fields are date and time.

Different physicians whe use system 10 typically have
different preferences as to how endoscopy images are 1o be
‘obtained, processed. stored. and displayed. Indeed. a given
physician's preferences for these options may vary accord-
ing to the procedure being performed. or ¢ven according to
the particular stage of any one procedure. Preference data-
base 20 classifies the preference information according to
the individual physician. specialty. procedurs, and stage of
procedurs to give the physician the capability of configuring
and operating the devices in system 10 rapidly. according t¢
his or her pre-stored preferences.

When the physician begins the procedure. the physician
entars his or her name, specialty. and any cther informaticn
that comesponds to the physician’s desired semup. e.g..
identification of the procedure to be performed (step 220).
CPU 38 rerieves the preference information for this physi-
cian and procedure and uses it to configure the devices (e.g8..
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cameras, CRT displays) preferendally used by the physician
during the procedure {step 222). CPL 38 also maintains and
updates the preference information in response to changes
ardered by the physicians.

FIGS. 17 and 18 Hlustrate procsdures for storing imagss
in and retrieving images from an imape database. The image
database can reside in any suitable memory device in system
10 {e.g.. disk storage).

Slide Presentation System:

The system automates production of slides by means of a
style engine. The style engine takes sirnple text information
to be displaved on the slide. and produces a complex
graphical design that is pleasing to the eye, and copsistent
throbghout a presentation. The graphical desige includes
color, spatial arrangement. bullet marks, justification, and
other graphical enhancement instructions. The style engine
automatically positions text, graphical clements, and images
without additional opetator input. other than the user typing
in the desired text or selecting the desired image. In one
embodiment the styles are tailored to meet the needs of the
medical presenter, but the engine is generic, and additional
style parameters can be added.

The style engine is also responsible for updating existing
presentations. Sclection of a style changes the appearance
and attributes of slides previously created. or imported
Colors. sizes. positioning. font, and text selections are
changed so that all images in the presentation are consistent
in jcok. feel and layout.

Following are some examples of the style engine func-
tionality: The shide construction screen has designated areas
for titles, subtitles, body text, bullet text. multi-column text.
and images. Not all slide screens coatain all elements. The
user simply enters text, and the style engine adjusts the font
size, position. and color of the slide composition by style
engine rules. The style engine determines what information
the user has entered. and maximizes use of the available
imaging of the slide film. Elements are sized aad colored
according to a schema for the designated style. Each element
is dynamically scaled so that the propordon of title to
subtitle to body text or other elements is maintained. and the
margins are not violated. The engine automaticalty compen-
sates for elements without entry by centering, sizing, and
scaling the information on the slide. Algorithms are used to
determine leading spaces, which are preserved, from trailing
space, which is truacated. When proportional fonts are
selected. the style engine performs kerning operations to
normalize the appearance and spacing of the text. The style
engine will determine global limits from text font and size
for a given presentation, so that slide to slide variation of
font, size color, and positionirg will be constrained accord-
ing to good presentation guidelines. These limits, or
guidelines, are stored in text files, so that the operating range
of the style engine can be modified at any time.
Clipboard Function:

Images and data can be collected from across many
records or starage devices without respect to user or media
identity using the clipboard device. A record ar device is
designated as the recipient for data, Searches of single or
muitiple databases and devices may be performed without
respect to media or database identification, When the desired
infopmation is located. the clipboard function copiss the
selected information or images to the specified recipient
media and file.

The clipboard mechanism can be used to collect images
and data from across multiple wsers. multipie media. and
multple storage formats or databases. This function is used
to collect 2 pertinest subset of images, actoss media, formats
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and users. For exampie. a collection of images may be
created to provide ready access to images to be used by the
slide module in creating a presentation. This mechanism can
also be used o import or export data to external database
applications or storage devices. Far example, a small num-
ber of relevant images may be placed onto a PCMCIA
storage device for use in a laptop computer or presentation
Program.

Arithmetic Logic Unit:

The system Includes signal processors running at real
time pixel clock speeds that perform signal-to-noise
analysis, and apply comection to the signal prior to display.
Slide-Making Function

Referring to ¥FIG. 13. system 1€ also performs a slide-
making function 199. Slide functior 190 allows:

1. rapid and easy integration of high quality digitally
processed images acquired using the OR image capture
system discussed above; and

2. a method for copstructing presentations. A presentation
consists of a series of slides that contain formatted
layouts of image, text and graphic infocrmation.

Image information may be used by many preseniations.
and stored only omce. The svstem database (discussed
below} allows for this by supporting “one-lo-rnany” and
“many-to-roapy” data relatiopships. Slides, images on
slides, or any other element comprising a slide may be
shared by greater than one presentation. An object will
continue to exist untl all presentations that call it are
modified or deleted.

Slide function 190 performs the fellowing operations:
Image Processing Functions

This part of the system allows the user the ability ©
specify pararoeters normaily specified by the preferenes
database, thereby allowing manual control of digital image
processing functions in additon to the preference database
based processing methods.

Scaling and Positioning

Multipte images may be scaled and positioned on asingle
skide. The appropriate scaling and positioning are done on
the iy from the appropriate source image, leaving the source
irnage uncharged.

Text

High quality anti-aliased text is available in multiple fonts
and point sized for overlay and text functions.
Preview Mode

Image information is displayed in a “rough cut”™ or
approximate view version for processing speed. A presen-
tation may be viewed as multiple miniature representations
of the component slides on a single screen, The slides can be
moved or modified using any pointing device to restructure
the presentation. This can be done on a faptop. personal
computer, pen based system. or workstation.

Batch Print

A presentation may be queued for printing. The system
will automatically conirol a digital filrn recording davice.
transferring the digital files to film Automakic recording af
aumber of availabje frame and errors will be incorporated
This shouid allow for most slides to be printed and
discarded, allowing all filing to be conveniently located on
the machine.

Preview and Edit

A simpie intzrface allows the cperatoer 1o view and edit
slides ia a so-called *“‘what you see is what you get”
presentation. During the preview mode, the actual visual is
formattzd and presented to the user at the full resolution of
which the selected display device is capable.
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System Software—Overview

The external view of system 10. to th2 =nd user. is that of

a medical-specific application. designec to handle both the
capture and storage of real-time data. 25 well as the maiu-
tenance and manipuladon of the data and reiationships of the
data to othar associated information. This ext=raal view can
be represented by FIG. 19,

As shown by FIG. 19. the ¢nd user first encounters & logiz
procedure 249, which admits him or her 1 system 10. The
user may then go to either Datz Acquisition (Procedure) 260
or Information Processing {Query) 258. Both of these two
sub-systems can invoks a signal processing subsystern 270
and an output subsystem 280, -

The primary non-medicat fearures of program 14 (FIG. 1.
from the end user’s view. include:

1) Simplicity of use

Program 14 has been designed to be as simple as possible
to the end user. This means that program 14 uses heuristic
approaches, in many cases, to avoid having to ask complex
questions to the user.

2} Platforme Independence

Program 14 is designed to run on a multitude of platforms,
and to allow many forms of input and output. This allows
program 14 to be easily maintained, upgraded and expanded.
and is not limited to availability of specialized equipment.
Program 14 is designed to run on multiple platforms, inclod-
ing DOS, WINDOWS, UNIX. NEXTstep. and workstatien
architecture.

System Software—Technical Description

Program 14, as illustrated in FIG. 19, embodies a much
larger set of crgines (i.e.. software modules) runaing under
the surface. Each engine is designed to provide a fairly easy
mechanism for maintaining a flexible enpvironment. Flex-
ibility includes the ability to make major changes in both the
functionality and presentation of the software, as well as to
provide platform independence for easy integration of new
software and hardware.

Referring also to FIG. 20, program 14 is divided into
several engines each of which is devoted to a particular
portion of the application, and is designed to Integrate weil
with the other engines in the application. The engines
included ia this application are described below:

MOM 300 Memn management engine

EMM 310 Memory management engine

RA 320 Raster engine

DAD 330 Platform independent display engine

THE 340 Input device engine

GENERAL 350 general handlers for system
independence

IGGY 360 Sigoal processing engine

POP 370 Qutpat device engine

SIS 380 Darabase engine

FIG. 20 shows the interconnectivity of the engines. and
their overall location within the application.
The following sectons describe in detail each of the
engines. its purpose and features:
Menu Manager Engine (MOM) 300
Menu management engine 300 handles the creation and
maintenance of the entire software application that exscules
in systam 10, To conmol MOM 300. the application
describes menus as a series of encapsulated data arrays. The
data arrays embody the follewing information:
1) Top Level Menu Array
A) Menu Logadon
B} Menu Size
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> Meapu Background Graphics
a) RA Graphic tokern list
D) Menu Help Data
E) Menu EMM memory address
F) Menu etficizncy tables
G} Menu Bunon Information
a) Button Count
b) Button ID
¢} Bution Location
d) Button Size
e) Button Graphics
1) RA (Graphic Token List
f) Button Function Pointer
g; Button Attributes
h) Button help text

With this technique, the entire control path of the appli-
cation is described in data arrays, instead of embodied i
code. This flexibility allows the program control. as well as
the look and feel of the programw to be changed by simple
manipulaticn of data. instead of with cade. Furthermore, this
technique allows the program itself to make critical control
path and look/feel changes. on the fly, while the user is
running it. This capability allows the users to custom design
the program to thelr tastes. affording an individualized fit to
each and every user. The only thing the applications pro-
grammer needs to provide is the coatrolling data arrays
(described above) and the functionality (action) for each
“butten” described in those arrays.

MOM 300 is designed to handle any pumber of “win
dows"” on a display screen. The above data amays describe
both the look and feel, as well as the functionality of ¢ach
window. A “window™ may consist of a background and one
or more buttons. A background describes how the window
appears, and s not limited to any particular look. A button
is an entity that exists on top of the background, and
provides either information or functionality. When provid-
ing information, the button remrieves some data and displays
it to the user in an understandable manner. When providieg
functionality, the button causes some action or actions to
oceur when the user “pushes” the button (e.g.. by touching
the button on a tonchscreen or activating it with a mouse).

MOM 300 uses an integrated help system to allow the
user to query both windows as well as buttons to see their
functionality or use before being required to actually use the
system. As can be seen by the above array, the help system
is embodied in the menu and button descriptions themselves,
and thus afford easy change and upgrade with the software.

MOM 300 allows the display of windows to overlap. and
handles complete maintenance as to the order and dzpth of
windows, as well as the displaying of the windows that
become revealed through use.

In addition to the multi-window approach used by the
menu mmanager. MOM 300 also provides multi-processing
on the window level, as the user is never resmicted to
warking only on the “top” window. Through dynamic array
switching. MOM 300 allows the vser 10 select any visible
button. regardiess of the associatzd window or its depth in
the screan. Because of this. MOM 300 implements a flat
window scheree in which no window has precedence over
any other window.

By providing this level of management. the ease of use to
users is greatly improved by always allowing the users to
“have their way.” However. to provide total fexibility,
MOM 300 doss include an ability to simulate the mors
traditional hierarchical menu structures. if the need arises.

MOM 300 performs its work in a fairly staightforward
manner. Wher an application begins to run the first thing
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done by the program is to invoke MOM 300 routies to open
one or mors windows. Qnee this is accomplished. the
prograw then invokes MOM 300. which takes complste
control of the program from that point on.

MOM 300 analyzes the existng menu structures and
begins to query the users requests via THE engine 340.
Display of the menus. as well as display of the user’s input
device and selection of choices. is handled within MOM 300
by calling RA engine 320 to draw the desired information.
and DAD engine 330 10 display it to the current output
device.

No rules are placed on what can be performed by the
functiopality invoked by MOM 300 via the data strucrires.
If desired. windows that were opened at the beginning of the
program may be closed. and mew windows opened.
Likewise, any number of additional windows may be
opened. These actions may occur in response to users
activating various fuactions on the existing windows, This
may even include the restructuring of buttons and data
within existing windows. For example. the user may sclect
a button that causes half of the buttons on a current window
to be replaced with an image. This type of dynamic remod-
¢ling of the meny manager environment is totally handled by
MOM 300. The functionality merely expresses the changed
data arrays and MOM 300 handles the reintegration of the
data into the existing environment in a seamless way.

MOM 300 is also responsible for all event handling at the
menu level. MOM 300 can be made 1o poll events at every
input device cycle, and maintains, among other things, a
real-time clock for timing of events and maintenance of a
time-of-day clock. MOM 300 uses THE cogine 340 for
event polling, but allows button fanctionality to uncouple
event polling for specialized event handling within a but-
ton’s action.

MOM 300 never terminates, unless-all windows are
closed without a new window being opened pricr to func-
tionality return. Besides this method, the only other method
of termination is dirsct exit within a function.

Memory Mapagement Engine (EMM) 310

EMM engine 310 is responsible for the allocation, maia-
tenance and irecing of the data arrays used by RA cogine
320 and the other functicnality portions of the program
Despite the fact that modern programming software pro-
vides memory allocation, the use of EMM engine 310
assures platform independence when moving between soft-
ware platforms as well as hardware memory platforms.

EMM engine 310 is a fairly simple code system that
allocates memory in “pages” or "blocks” when requested by
the rest of the software, EMM 310 maintains data lists to
track the memory. and provides boundary checking as well
as freeing of the data when its use is complete,

Finally. EMM 310 also provides the ability 10 query the
memory system for remaining quantity and availability,
allow the software to provide status, as well as predict
Terairing capability.

EMM 310 is used by MOM engine 300 1o allocate the
memory used for the windows (see the section below on RA.
engine 320 for a more detailed description) as well as being
available to all the other engines as needed.

Raster Engine (RA) 320

RA engine 320 is the main drawing engine responsible for
drawing the menus and their associated buttons and back-
grounds. Because this software system is designed to be
platform independent. RA 320 does cot deaw to any output
device. Instead. RA 320 interfaces with EMVDM engine 310
and draws to EMM allocated memory. Actual display of the
windows on the users display device is handiad by DAD
engine 330. This type of architecture is termed a virtual
frame buffer.
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RA320{s driven directly by MOM 300, and in some cases
by the application functionality itself. RA 320 is a tabie
dispatched service and takes as inpmn a pointer to a hetero-
gensous dafa array. This data array consists of poiaters and
data. where the pointers corespond to a token list that
embodies a primitive graphics language.

The token list described by RA 320 contains the minimum
needed set of drawing deviees to render all menu drawing,
This includes gradient rectangles. anti-aliased and non-anti-
aliased text. circles and lines. as well as more complex
concepts such as butfops. sliders, controls, LED's, and
textured backgrounds. In order to provide capabilities that
may be needed later in the development cycle, RA 320 also
provides programroer definable tokens, via a functional
toker, with which programmers can vector to their own code
during a RA token execution. This erables the program to
draw any type of object, cven objects never conceived
before in the software.

" RA 320 is limited to drawing to a single window at a time,
and may not mix drawing to different windows within a
single token download. Thereforz, it is up to MOM 300 to
direct RA 320 as to the appropriate window for drawing. as
well as providing RA 320 with the comect token list, as
extracted from the menu arrays.

Because of the self-modifying nature of the software, as
well as its platform independence, RA 320 is designed to
allow self-modification during the execution of an RA token
list. In other words, a token list can self-modify while
exceuting, allowing decisions to be made og the fy, as to
future drawing thar is still down-stream from the carrent
point of token execution.

RA 32¢ always draws via EMM engine 310. in a standard
method. While the method is modifiabie. it s a fixed in code
by the programmer. For example, within this application,
RA 320 is defined to be 24 bit (8 bit per pixel) in a Packed
architecture (RGBRGBRGB . ., ). By splitting RA 320 and
DAD 330 apart, and allowing DAD 330 to handle device
particulars, DAD 330 can color reduce/expand. as well as
resolution reduce/expand the RA maintined EMM Toemory
buffers when displayiog to any device.

Font drawing is handled in RA 320 by use of precomputed
raster font tables. The font tables contain one byte per pixel,
which indicates the natural antialiasing of the font at that
pixel. Foats aze encoded so as to be bath proportional as well
a5 nol-proportional, and any font may be displayed in any
combination of antialiasing and proporticnality. When fonts
are displayed, an additional fout wansparency sets the level
of opacity, allowing for drop shadows and other effects. Font
color is specified as a 24 bit (RGB) value, which is used with
the ransparency and antialiasing information to caleglace
the appropriatz color for each pixel. The software allows any
nurmber of fonts to be loaded concurrently, and fonts may be
switched dynamically, on a character by character basis if
desired. Font concurrence is only limited by available
merory (as all fonts used are always resident).

Platform Indeperdent Display Engine {DAD) 330

DAD engine 330 handles actual updates of information to
the user’s end display device, Since the software system is
device independent. DAD 330 coordinates requests from
MOM 300 and the user’s functionality, and reads EVIM
memory and displays the contents of EMM memory to the
cuireat device.

Basically the cycle werks as follows: MOM 300, follow-
ing advice from the menu strucmres, instructs RA 320 to
draw the various windows to EVEM memory. After R4 320
completes the drawing. MOM 300 then insmucts DAD 330
to take the completed EMM memory and display it on the
current display device.
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When DAD 330 receives ag instueton (o display a piece
of EMM memory. it consults the MOM data structures to
determine the location of the mersory. and the desired
focation of its display. Because DAY 330 is pursly BLIT
oriented (c.g.. high speed reciangies), the drawing is both
efficient and space saving, Because all display devices have
inherent differences. it is DAD’s responsibility to call the
appropriate routines at the proper tme. for each dispiay
device,

When a new device is added to the system. only a smail :

handful of routines need to be supported for the device. Of
the total roster of routines, only routines which the display
device is capatle if need be supported. Routines that are not
possible for that display device need not be stubbed, and
DAD 330 is simply informed of their absence and handles
it gracefully. The routines required embody a small set of
primidves, which include area blitzing, line blitzing. high
speed rectangle drawing. high speed or outlined rectangle
drawing and curser support. Other routines. not necessarily
supported by all devices inciude, acquisition. high-speed
unpacked blitting and automatic packiog and unpacking
routines.

Because the amount of code for support of a driver is
relatively small, the drivers are compiled directly into the
software, This capability aliows DAD 330 to actually main-
tain and provide cutput to multiple devices simultanecusly,
making it attractive for maltiple displays as well as switch-
ing between hardware on the fy.

In order to make DAD 330 handle the platform indepen-
dent drivers. the software calls a standardized set of routines,
which are tabie dispatched at ruatime. Because of the table
dispatch method. ro comparisons are required to locate a
routine within a driver. Instead, all execution is handled by
hashed indexing that provides near-instantansous access W
all drivers an all functions. Note that because DAD 330 is
responsible for both input and output dispiay devices. it
handles any video acquisition required by video data sofi-
ware within the user's procedure progratn. This requires that
DAD 330 coordinate with SIS 380 and MOM 300 at the
proper time, for control and decoding of incoming video.
Input Device Engine (THE) 340

THE engine 340 is designed to be a device-independent
input event handler. THE 340 is invoked by both MOM 300
and the user's functonality. to retrieve spatial and textual
information from the user, Because the software is input
device independeat. THE 340 is sesponsible for the combi-
mation of muttiple pointing devices 58, and can handle more
than one input device simultaneousty, as well as being able
to switch input device context on the ly.

THE engine 340 is basically divided into two sections:
textual and spatial. The textmial handler involves reading
taxtual data from keyboard devices and wansmitting them,
when 1cquested. 1o MOM 300 and functional software.
Textual handling includes not only input and maintepance of
text baffers. but also flushing of all textual queues,

Spatial handiing is performed by determining the location
and types of input devices. Because input devices fall into
two categories. absclute and relative, THE engine 340
automatically converts all coordinate, regardless of their
type. into absolute coordinates. These coordipates are auto-
matically clipped. by THE engine 340, against the curreat
screen resolution as defined by DAD engies 330.

One aspect of THE engine 340 is its coupling with MOM
300 for rpouseless handling of menu stuchures., Because
MOM 300 allows menus and burtons to exist anywhere on
the screen. even lavered., the software that allows the user to
move from “field” to “field” (including buttons) must be

L

25

40

50

33

43

36

abis to dynamically analyze the “‘best next” button to go to.
from the current button. This is sspecially important whea
considering the fact that the user may modify the look for the
menus. on the fy. While the program allows for a fixed
transition from burton to button. a dvnamic methed of
determining the most logical ‘‘next choice™ for the user is
implemented as follows. THE sngine 340 handles this. with
help from MOM 300. by keeping track of two cursor
locations: the current absoluse cursor locadon. and the
current fieid cursor lecation, The ficld cursor marks the
current {or most regent) choice executed by the user (e.g.
the last button picked). When a cursor movement command
is detected by THE 340. it uses MOM engine 300 to retrieve
the menu descriptivas, and analyzes these descriptions in an
attermpt to determine the best location to move te. and then
performs the move o that location. This form of dynamic
sensing affords the most flexibility to the entire application.
General Handlers for System Independence (GENERAL)
350

GENERAL eagine 350 handles all routines that are fairly
standard, but that for ene reason or another are desirable to
have under platform independent control of the application.
This iocludes items such as non-EMM engine memory
acquisition and freezing. as well as file VO, GENERAL
engine 350 is present to give a sirople and global mechanism
for error control and handling. This provides the software
package with a uniform mechanism for ermror recovery,
which otherwise may be handled in a less than elegant way
by the operating sysiem of run-time prograt.

Signal Processing Engine (IGGY) 360

IGGY engine 360 is responsible for all digital signal
processing of acquired wave-form (iLe., image) data. IGGY
360 is cormmanded primarily by MOM 300 and the func-
tionality used to perform some form of wave-form process-
ing (usually image processing). Instead of being an inte-
grated engine (as are MOM 300. RA 320. DAD 330. and the
other engines). IGGY 360 is a set of separate routines, which
may be used and combined to perform high level processing
of acquired data,

Due to the nature of the applicaticn, in that the end user
does not possess the education necessary to perform high-
end signal processing. ¥GGY 360 is designed to have heu-
ristic processes that allow it to analyze wave-form data asd
determine the best enhancements necessary. IGGY 360 can

use MOM 300 to request minimal information from the user, -

but in general does not do so except in the simplest of cases.
1GGY 360 embodies at least the following basic signal
processing technigues:
1. Histogram Analysis
2. Histogram Stretching
. Histogram Equalization
. Noise Analysis
. Noise Reduction
. Area of Interest Location
. Unwanted Area Removal—i.e., rather than compress
the data. only meaningful data (such as the picture of
the surgical site) is retained, while other data (such as
borders that contain no real picture informatien) are
discarded.

8. Sharpening

9, Blumring

10, Feature Extrzction
11. Feamrz Highlighting
12. Blending

13. Arntifact Removal
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14. Nop-linear balancing

13, Colorization.

Though IGGY 360 provides these services in an on-call
manner. the analysis services utilize heuristic techniques to
determine whether the other services are required to provide
the best output data possible.

Cutput Device Engine (POP) 370

POP cngine 370 is to the output devices as DAD 330 is

to the input devices. For each output device supported. POP
7Q provides interface mechanism for that device. POP 370

also provides limited input from some cf these devices, as

the device requires. POP 370 is responsible for maintaining

output (and sometimes input) to the following devices:

. Printers (color and black and white)

. Film Recosders

. Data Recorders

Tape Drives

. Disk Drives (hard and foppy)

. FLASH cards (PCMCTA)

. Networks

. Modems

It can be seen from the above list that POP 370 is
responsible for some diverse device handiing. POP 370
places the devices into "like” categories, and provides a
uniform mechanism for calling “like” devices. For example.
al] drives, flash cards and networks ace driven in a like
manner, while modems have their own mechanism. as do
printers and film recorders. Since MOM 300 directs the
output activities. POP 370 is never confused as to how the
service is intended (e.g.. each service is specialized. and thus
POP knows the appropriate need and duty).

While most of handling provided by PCP 370 requires
simple interfacing to outside drivers, or the operating
system, the printer and film recorder interfaces of POP 370
are highly particular to the device being addressed.
Furthermore, because of all the possible formats for output
devices, POP 370 interfaces with MOM 300 to provide the
user with a visual mechanism for the specification of output
format, For example, under printer interface, POP 370 can
direct MOM 300 to display a grid of images, and have the
user . select the appropriate image and its location.
Furthermore, POP 370 interfaces with RA 320 to allow the
user to annotate the irnages prior to output. POP 370 handles
interpolation of incorrectly sized data. and can utilize
in-memory fonts as well as printer provided fonts, depend-
ing on the hardware capabilities,

Database Engine (SIS) 380

SIS engine 380 is the database handler. It is responsible
for handling all database activities that include user
raapagement, forms management, data management and
signal processing management.

User managerment is invokzd by MOM 300 1o confirm a
user and to set a users prefile for the display of MOM menus.
Forms management handles the design, storage and retrieval
of forms. Data management handles the sterage and query of
data from within forms. Signal processing management is a
subset of data management. and is responsible for the
nandling of signal data within a form.

Overview of Flow Control

As disenssed above. progratn 14 is designed to be a
specific medical application. even though the engines pro-
vide a much greater. and universal capability.

The overriding low contol is a section of the scftware
that dictates to MOM 300. POP 370. 813 380. and IGGY 360
a particular method to follow for user flow control. It is this
overriding low control that provides muck of the automatic
handling that is required by the naive gser.
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Referming also to FIG. 19, when the user invokes program
14 at login ume. the useris greeted by an opening screan and
requested to enter a user nans and sassword. Once entered,
these elements are cross comparsd, via SIS 380, against the
valid users in the darabass. When a valid user is identified,
his user profile is loadzd. and MOM 300 is izformed of any
changes to the environroeat.

If the user has an associated procedure form with his or
ter login, the user is asked whether this is a procedurs. If the
answer is affirmative. procedure Aow conwol 260 is fol-
lowed: otherwise. information fow control 250 is followed,
Procedure Flow Control 260

Once procedure flow coniwrol 260 is accessed. the proce-
dure handler accesses the user's procedure form and dis-
plays it to the user. This is some form. entered for or by the
user. when the user is given original access to the software.
The form that is assigeed to the user may be modified at any
time via the information processor.

Once the user fills out the form. the procedurs flow
control 260 is launched. This canses DAD 330 to invoke
acquisition and control is switched to the user. THE engine
340 monitors a special remote control, used during proce-
dures (or, opticnally, the keyboard), and causss various
video functions 10 be executed. These inciude, but are not
limited to:

1. Zoom IN and OUT of the live video image

2. Freezing the live video signal. and then discarding it

3. Freezing the live video signal. and then saving it

sequeatially via POP 370

4. Reviewing all currently acquired video signals

5. Executing a TOUR {directed capture sequencz)

6. Adjustment of the input video parameters

Captured images are scquentiatly numbered and named.
and are stored on the current mass storage device via POP
370. At the end of the procedure, SIS 380 is auwtomatically
called to store all, or only approved images into the database,
associated with the current form.

During the REVIEW process {122, FIG. 6). the user may
review all captured images, and optiogally delete unwanied
images or invoke special image processing on selected
images. Images seiected for special image processing are
processed automatically and overwritten with the new
results. When images are overwritten with the new results,
an undo file is created. which aliows the user 10 restore the
original image file.

Upon exiting procedure 260, the user is given the ability
to download the acquired data to a removeble media device
(e.g.. FLASH mesnory. etc.j, and then is logged off the
program.

Information Processing Control 250

Informatior handler 250 is invoked upon successful login,
when the user either does not have an associated procedure,
or does not wish to access procedure. Once in the informa-
ticn processing system. the user is first greeted with a list of
available forms (via SIS 380). The user may select an
existing form. or select a2 “new form™ option (o create a new
forr If the user opts to create a new form. the various form
elements that are available are shown to the user. plus the
ability to create npew form elements. A form slement is any
item when exists on any other form.

When the user picks an existing form. the form is loaded
with blank data. The user may fill out cne ar raore of the
fizlds in the form, and either enter the form inwo the databass
(e.g.. enter the instance of the new data) or else requesr a
query. When a guery is requested. SIS 380 will atternpt to
fulfill the missing elements of the form. based on the fields
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that have been filled in. Upon rewieving the list of available
responses, the user is shown the list and ailowsd to pick an
itam from the list. Once picked. SIS 380 will lcad the form
with the appropriate data, and wil display it 1o the user
Images. or other signal processing data within the forre.
when selected. will invoke a Unage browsing menu that
displays all associated images with the form Further selec-
ton of an image will canse IGGY engine 360 to be accessed
for full signal processing by the user.

Informatice processing procedure 25¢ also allows the
user to format and output query responses to the printer. in
a variety of looks. all haadled by POP 370,

Finally. for systern adminisgative users. information pro-
cessing procedure 250 aliows new users 1o be added to the
system, and existing users to be removed from the system.
Database Configuration

Referring to FIG. 21. preference database 20 and all
image databases are orgenized in 2 manner that maximizes
the flexibility of adding. modifying, or deleting information
from the databases at will. without rebuilding or restricting
availability of data. The structure of the databases is rela-
tively simple. which keeps the data model independent of
features of host data storage. In addition, database subsets
(datasets) can be derived. extracted and mapipulated
remotely and then merged back,

Each data element is stored independently in database
storage. That is, there is no record relative pointer structure
in the dataset. All “pointers” are data relative. One advan-
tage of this arrangernent is that if 2 database file is damaged,
pointer chain corruption (which could damage ather stored
dats) is avoided.

A dataset may be transformed imo plain text to allow for
portability.

Two methods are used to stere data;

System oriented data such as user accounts and associated 3

settings. attached device configurations {printers aad video),
and other such information is stored in standard “flat” fles.

Patient data records are stored in a relational database
designed specifically for the present system. The database is
designed to meet the following criteria:

1) host machine independent;

2) unlimited data types;

3) ability 1o add/delete data types during run time;

4) variable-length, co-existing records;

5) speed of access regardless of the number of records;

6) ability to extract a sub-database, modify that subset,
and merge the data back into the host database while
retaining complete relational integrity;

7) no data space is used for fields thar coatain no data;

8) all data (including numeric data) is stored as character
strings allowing quick. consistent query operations.

“what/Its” Design Elements:

The datzbase consist of just two record types:

1) the “what” recards that hold the definitions deseribing
the kinds of data in the dataset;

2) the “Tts" records that contain the actual data along with
information on the type of data and the owner of that
data (another *“Its™ record).

Implementation:

“what/Tts™ is implemented as a “laver” on top of an
existing database. This allows for maximum flexibility and
portability to future computing platforms. In one
implememtation, the commercial database product “Raima™
is the host database.

ere is the “what/Its” schema as implemented in
"Raima™:
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database What'Tts {
data d'e “Emsurdat” contans whatits;
key dle “dimsun ey coctains what id,what_owner,
its_id its _ownernits__whatits_1agc
kev fils “dimsur- " contains is__da:
record what { /*0eld types*’
unigue key long whar_id: J*feld key®/
kev Jong what_owmer, /*key of its owner®/
char whay_pame{32}, /*Secld nama=*/
long whar_jook; /*it's appearance®
ing what_unigues 7*it's 3 unique feld™
record it { f*data item*/
umique key long s id; =it key d*/
key fong its_owmner, *key id of ils owner'
key long its_what /* what kind of daga i5 #1?%
key char its__tag; *query dag*/
key char its . data[64]; J*the data itself™/
}

[AREANT IR AR s SR AR LA NS A AR R ESIEANAR RN/

Record the Field Descriptions:
“what” records
These hold the field “what” definitions describing the
kinds of data in the dataset.
“what__d"” fieid
is a (long) generated when a new “what” is instanced. Tt
will aiways be a number that is umique to the dataset.
“what__id" is used as the internal key within a dataset used
to specify wirat an “it” record’s “data™ field record contains
(i.e. “Last Name.” “Patient Address™).
“what_ Look” field
contains a (long) whose value is used internally by
dimsum to define how the data field is interpreted (i.e..
string integer,date imagefile)
“what_ Name" field
contains the ascii text narme of a field type, It is used when
choosing a field when defining a form. This field is filled
when a new field type is created at form definition.
“its” record
These records contain the actual dataset along with infor-
mation op the “what™ of the data and it’s owner (as a pointer
to another “it" record).
“its__key” field
contains a {long) that is uniquc among “its_key” fields
within the dataset. It is the true and ultimate identifier of the
data item in 2 dataset.
References to “its__key” occur in two other fields in an
“it” record.
1. If the “its_owner"” field is nen-0. it will be a “its_ key”
to the data's owner “it"” record.
2. If “its_type" is 0 (specifying a reference record), the
“its_ data” field will coatain a “its-key™ in ascii format.
This allows one-to-many relations within the dataset,
“its-owner” field
contains a {long} “its_key™ that points to the data’s owner
“it” record.
“jrs-what” fleld
contains a {long} “what_id" that specifies the nature of
what is contained in the “jts__data” field.
“jrs_data” field ‘
is an ascii swing that holds the data. “Iis-data” might
optionally contain an ascii representaton of a “its-key"”
defining a reference “it” record
In the specific implementadon described above, data is
limited to a maximum of 32 bytes for one specific data
elernent. Any length may be used.
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Images and free-form text files are used in operaticn of the
invendon. Instead of storing the frmage and text data in the
database, only the file name containing the data is storad iz
“what/Its.”

ANSI (" Code Example:

This is an exampls routine showing how the “what/Tts”
database is used. The example given here shows how z
record might be added 1o the database.

'lllll EELATA TR LA IR SRR EJ LI AR L el Y] D-I'R.llllll/
Routine: 5I5__enter
Description:  Add 2 What/Tts record 10 the database
Syntax: =SIS_ enter{strings, whats count);
char *swings = list of Helds w/queries
fong whats[ ] = list of what sirings are
int count = # of string/whats pairs
mt 1= 2if no key existed to allow enter of 3 new record
r =1 if record already existed and no enter took place
1 =0 if record enter was suceessful

R A N AT AR AN RN R AT A RANARE RS AR IR AR

mt SIS_enter{char *strmgs| ],long whats{ },int count)

{
int pokey, ik decpest;
long keywhat,
char key[65];
nokev=1;
for(=Cii<count;r+} {
if{SIS_what__is_unique{whatsfi])) {
strepyikey,strings(i]y;
keywhat = whas(i],
nokey=0J;
break;
H
¥
fnokeyjreturn(Z);,  /*po key ... can't coatel ¥
if{d_keyfinds(TTS__DATA key,5IS_DB) = SIS_NOTFOUND) {
gota notakey;
}else {
mwkey = 1;
while(1) {
d__recread((char*}&its, SIS DB): /*get existing */
if(its.its._what == keywhat) {
mokey =0
break:
i
if(d_keynext(ITS . WHAT.SIS_DB) = SIS__NOTFOUND) break;
}
if('nokey) retarn(1};
}
notakey:
For(3=0<MAX i) {
tglist[i} = 0;
ownerlistii} = &;
deepset = 0
for(i=0;<count;i++) { I*clear buffers®/
raglisti] = SIS__what_ depth{whats[i]; /*get it's
depth=/
if{deepest<taglist[i} decoest=taglistfi];
I*remember decpest®/
t
for{i=0:m=deepestii++) { f2thr the depths*/
for{j=0j<comti+) { /*do all that are
this deep*/
if{taglistl})==1) { /*this is one at our leval®/

{1815 __whai_is_unique(whats{j])){ /*HERE*/
its.its__id =), /*its_ides
its.its__owrer = ownexlisifi]; 1*its owner®/
its.ats-what = whats[j]; F%its_ wihat*/
stepyits.its _data swings{i}s s _data/®
SIS, crearc. U ) fstore 1o db¥/
}else {

iffd__kevSad(TTS_DATA strings{j|,.SIS_DB ==SIS__NOTFQUND) {
its.irs_id =C; /=it 3d*
its.ies__owznar = ownarlisii]; /=1ts_ oorners/
its.dts _what = whatsfjl; I~ whatef
strepy(its. s _data, strmgs{j1; its__dam?/

SIS__zreate_ Us{ J;
}oaise {

f*store 1o ch

42

~contnuad

d_rocreadi{char=)&irs, SIS__DB) J/*ge! existung®’

fork=lg<count: k—: 1 /75T (e owDer st

5 d_Leyfad(WHAT_ID.Ewhars{k], SIS_ DB/ zet sach
whar«f
d_recread{(char*)&what, SIS_D3 FuE s
et/
if(whats|jj==whnt.what__gwner)
owoerlist{ ki=is.its._ 1d;
10 }
}
}
¥
TOP_show(“New record created.”,OK_COLORY,
retern(0);
15 }!lil! (YL Y] - t‘-.-’-t--..--“UIUI"I."-”[
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Record Stucture

Dataset storage is implemented using two record types.
the “what" record 400 and the “it” record 410. “what”
records 400 describe the data dictionary, while “it" records
410 contain the actual data,

Consider the following sample schema definition {in this
case. using the RATMA. database):

record what { /ficld types*/
unigque key Jong what_id:  /"Held key+s
key  long what_owner,  /*key of its owner®/
char  what_pame(32 ]; {*8zald name*!
long what _look; *it's appearance®/

} record it { /*+data item®f
wnigue key Jong its_id; i*its key id*/
key long its_owner: f*key id of iis owner<f
key long its__what; I*what kind of data is it?*/
key char its_data[64]; /*the daza itself*f

}

Each “what" record 400 and “it” record 414 has a ran-
domly generated numeric key that has na special signifi-
cance other than that it is unique to that specific record in the
database.

The data dictionary (i.c.. the mechanjsm that describes the
types of data contained in the dataset) is held in “what"
recards 400. For example. a simple address book data set
could require just two “what"” recards 4080—one for a name
and one for 2o address, The actual address book data is held
in “it” records 418. Onc “it” record 410 is used for each
name, and one “it” record 414 stores each address.

If the daraset needs to be expanded to imclude, for
example, the telephone oumber of each address entry. a new
“what" record 400 is created for the teleplons number
Then, any new ectrdes in the database can also include an
associated telephone number-~but note that the existing data
is not impacted at atl. Consider the following exampie layout
of such an address book database:

The *“what” records 400 are:

A. 1024:0:narme:1 1024 is the random key; 0 is owner
{pone); “name" is the texr name of the field; 1 depotes
alpha string.

B. 3046:1024:address:1 3046 is the key: 1024 denotes
that address is associated with “pame™; “address™ is the
text name of the field; 1 again denotss an 2lpha string.

C. 4096:10241elephone number:2 4056 is the key; 1024
indicatas that telephone is alse associated with “name™;
“telephons number” is the text name of the field; 2
denotes this is telephone number ficld.

The addresss book entry “it" records 410 are:

D-’
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1234:0:1024:John Doe

§748:1234:3046:511 Main St.

B674:1234:4096:(312) 555-1212

In the first it record 414, 1234 is the random key of the
record. O shows this record has no associated “owrer.,” 1024
indicates that this is 2 “name” record, and “John Doe” is the
name data.

In the second it record 410, 5748 is the random kev.
assaciates this record with the first (John Doe) it racord 410.
3046 indicates that this is an address record. and “911 Main
St.” is the address data.

Finally, in the third it record 418, 8674 is the random key.
1234 associates this record with “John Doe.” 4096 denates
that this is a telephone number. and *(312) 555-1212" is the
phone number data.

The what/it structure allows several query methods. To
find every data item associated with *John Doe” we search
the “it" records data fields for “John Doe.” read it's key field
(1234), and then find all of the records that have 1234 in the
owner field.

To obtain a list of phonc numbers, we simply scan the “it”
records looking for “4096" in the “its_what" field. If we
need the name associated with these phone oumbers, we
look at the “its__owner™ field (in Johe Doe’s case it would
be 1234) then locats rzcords with 1234 in the “its_id"”
ficld-and-1024 in the “its_what” field.

The whatfit structure allows several types of data rela-
tionships to exist including one-to-one, one-to-many, many-
to-one and many-to-many associations. All of these can be
created dynamically simply by defining the appropriate
“what” records.

Also note that no storage is taken for non-existent data. In
the address book example. if there is no telephone number
for a given entry. then no “it” record is allocated.

The what/it method also lets us extract a subset of records
by first obtaining alf of the “what” recerds and then obtain-
ing all of the desired “it" records by the “its__what” felds.
Prefercues System: :

The preference system integrates system-available
resources with user-specified preferences. specialty-specific
preferences. or procedure-specific preferences. Entry onto
the data entry forms, or logging on as a user results in
configuration of the operating environment. Information
such as sex, age. left or right side are used by the system so
that the operator is not presented with options that would be
excluded given other choices already known to the system.
The preference database does more than control only the
image capture routines. It sends commands to any connected
devices that cause them to behave in a specified manner, The
Contcols are implemented at 3 levels that are hierarchical so
that the most specific preference specification will be a
procedure-related specification, which builds on a specialty-
specific or user-specific preference, all of which are subject
to system availability of resources,

The system determings the total operating range for a user.
Le.. a user can only use what's there. The system overrides
user preferences with a substtution if the user seiects an
unavailable option. The sysiem sets the available range of
operation for each device. Te.. it determines what choices
are there for the given device.

Serup of the system occurs on two levels: 1) setup of the
system, and 2) setup of a user (typicallv registered on the
removable media).

Setup of the System:

When a svstem that k:as not been previously configured is
turned on, the system looks for devices that can identify
themselves 1o the software program. Some devices (2.g..
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video subsvstermn 34j) cap De identified by the software
program. Other devices (2.2.. an external video camera) may
zot repert o the software program. The interface provides a
list of possible connected devices (printers. carneras, storage
devices). specification of the identrty of the installation (site
name) and access to sat the systemn date and tme clock
Options regarding operation of devices can be selectzd at
two levels. For devices such as video cameras that have
generic classes (e.g., RGB input, Y/C input). option selec-
tion is done by selection of the class of devices given in the
first option. For devices that have specific control options,
selection of the device brings up a second menu of user
choices that are preset to the system specified defaults. Once
selected. these options form the basis for the connected
devices. This may result in changes in the commands that
initjalize the system. Changes made in the setup will remain
in force untl the commands are overridden by a user
preference, or the setup procedure is repeated. Date and time
functions are used to set the system clock and will be
maintained by the system clock. Internal accounting is
performed for both daylight savings time and a perpetual
calendar. The site information is transferred to individual use
sessions of this instance of the invention where the indi-
vidual data form calls for recording of site informaticn,
While this setup inforrmation can reside om any storage
device, in one embodirment, this information is stored on the
system storage drive, which is normally not accessible to
user accounts.

Setup of a User:

Setup of a user presents a form that contains fields for
entry of user login identity, primary aad secondary
password, user-specific identification, specialty, storage
device and other preferences. The login identity. primary.
secondary passwords, specialty and storage device selec-
tions are required entry. The login id and passwords are
stored to the specified user account. In one embodiment, this
information is stored on the removable media. The specialty
selection copies data entry forms and preferences, and an
eropty data structure from the system accessible files to a
user accessibie file. Further user preferences or modifica-
tions are copied to the user’s account. The inforrmation
copied occupies oaly a small amount of storage space oo the
user's media so that this division of storage is practical. This
division of storage ailows a single usar to use many
instances of the machine. Because user-specific information
is stored on the removable media, system maintenance and
systern storage requirements are coatrclled, and reliability is
enhanced. .

In the event that operation prefarences stored in the user
account result in requests of the sysiem that may not be
physically possible, the system contains a substitution tabie
that aliows the system to substitute the most reasonable
alternative to the user choice given available system
resources. If no suitable substitute is available, the requested
option is simply not allowed. However. all data is stored in
such amanner that even if access to a feature is denied. when
the same user signs on o a system that has the necessary
resources. the system will utilize them as specified by the
user preference.

Forms are the final place where preference is
implemented, and system and user data integrated. Forms
serve both as tools to obtain user keyboard input of data. and
dirsctor of operations far the system. Selecdon of specialty
loads the specialty specific forms for procedures commonly
performed by the selected specialty. and containivg data
fields for the information commonly associated with the
procedure(s) that will be documented using the form. The
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form alse coptains the specification for the tour scripts that
will be used during the procedure. The forms also contain
selections for right. left. male and fernale that may alter the
tours, or prints of the images. and available szlections such
that only choices related to the corredt side and sits will be
available until a pew form is selected or the side. sex or site
" informaton is changed (e.g., on a hysterectomy. all prints
will show only female anatomy. and mate will not be an
appropriate choice. whereas on a hernia. male or femaie will
be both necessary and relevant). System and user informa-
tion including date. time. user id. name and site are auto-
matically catered inte the form. Sequence of operations. and
availability of systern cptons. and how they are present=d to
the user can also be specified by the forms. The forms also
contain insuctions for how the cursor wikl traverse the form
(i.c.. where the cursor will move aftar a given keypress).

Video preferences, remote control operation specification,
or other parameters may be attached to a given form. As
such, the form is the final entry point pricr to starting a
procedure. Completion of the form is required before pro-
cedures can be initiated.

Setup of Forms:
. In general. setup of a user will result in access to all forms
normally required by the general user. The system contains
a capability 1o modify or design forms. The form builder is
considered an advanced feature, and can oniy be selected by
users with appropriate permissions. The form builder con-
sists of a set of tools to specify the appearance of the form,
and a visual means to specify the actions of the form. The
user can specify data fields, length, content and attribute of
fields (text. alpha. pumeric, validation range), and can
specify what field the carsor should go to next. whether a
field is required or optional, and relationship. if any. to ather
fields in the form {i.e., right excludes lzft. male excludes
female ctc.), and the position of the field on the form. The
user can also specify a new tour or series of tours associated
with the form. This is done by sequential use of the tour
creating function. Each sequential image prompt is desig-
pated, The filing of the tour images is handled by the system
automatically.

The farms car alse call on output layout files, such that a
form will specify how Emnages captures while using the form
will be formpatted by the system. In general. these formats are
stored on the system storage devices, and used by the forros.
The output Jayouts are constructed such that the form builder
cap substitute information from the form into existing lay-
outs referenced by a pew form. Alternatively, new output
layouts can be created and added to system storage to
support the form. If this is done. the layout will be attached
to the user account, since it will not be available in the
general release.

The ability to modify fonms is dependent on the What/its
data structure. In a typical relational database struciure,
changes in forms would require an update of the database
schema. Records created using the old schema may a0t be
accessible to the new schema and visa versa. With the
whal/its structure, modifications of the form and additicns or
deletions of fields are tolerated without compatibility prob-
lems, Forms themselves are stored as data files that contain
pointers ic the appropriate long aray that are used o
consauct them. Data Is stored in a schema independent layer
as data itself. The database schema. and key management is
independent of the data. In one embodiment, Raima data
manager is selected for the underlying key management
scheme. and hard database schema bzcause of its spesd in
retrieving data stored with multidirectional pointers that the
what/its sgucture implies.
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The presesce of tours. and associatec printing formats
pecessitates a method for managing selection of the comect
form when a query is performed. For exampls. 2 gencral
surgeon has forms for laparoscopic hysterectomy. cholecys-
tectomy and a generic form. A query for patient name Johz
Smith vields a st of matches that have images and data
related to specific forms. The systzm stores a hidden mark
that associatas a given patient’s data with the correct form
type. On selection of a given record. the system fetches and
displays the data to the user on the proper forre. even if it is
different than the form used to initiate the query.

Cther embodiments of the invention are within the scope
of the following clzims. For example, while system 10 has
been described with reference to endoscopy, the system may
also be used for other medical procedures, surgical or
otherwise.

What is claimed is:

1. A system for acquiring images during a medical pro-
cedure and using the arquired images. comprising

at least one input device for obtaining said images.

at least one output device for using the images obtained by
said input devics to ¢nable image data to be commu-
nicated to a medical practitioner,

a preference database for pre-storing. for cach one of a
plurality of users of said system. respective preference
information that indicates ome or morz processing
operations that said one of said plurality of users of said
system prefers to be performed on said images obtained
by said input device and that indicates a configuration
of at least one of said input and cutput devices that said
one of said plurality of users of said system prefers. and
wherein said preference information further indicates.
for cach one of said users, a sequence of images that are
tc be obtained during said medical procedure, and
wherein said system further comprises means for
prompting said current user to obtain the images in said
sequence, and

a processor for 1eceiving an indication of an identity of
one of said users, who is currently using said system.
and, responsive to said indication of said identty of
said one of said users who is currently using said
system. for rewieving said preference information for
said one of said -users pre-stored in said preference
database, for paforming processing operations on said
images obtained by said input device and applying said
images to said at least one output device based on the
preference information in said preference database that
corresponds to said current user. and for establishing a
configuration of at least one of said input and cutput
devices based on the preference information in said
preference database that comesponds to said current
USsEer.

2. The system of claim 1 wherein said information further
indicates, for each cne of said users, a configuration of said
at least one input device. and further comprising means for
establishing said configuration in response t0 said identity of
said current user.

3. The system of claim 2 wherein said configuration
includes a formoat in which said at least one iapur device
producss said image.

4, The syster of claim 1 wherein said information further
indicates. for each one of said users. a configuration of said
at Jeast one output device. and further commprising means for
establishing said configuration in response to said idexatity of
said current User.

5. The system of claim 4 wherein said configuration
includes a format in which said at least one outpat device
uses said images.
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6. The svstem of claim 1 wherein said preference database
m=ans to stare said jnformation for a plarality of surgical
procedures. said processor beilng further responsive to an
identificadon of a cument ooe of said surgical procedures
and performing said processing based on said informaticn
that corresponds to said curreat surgical procedare.

7. The system of claim 1 firther comprising a plurality of
said input devices. sald preference database storing said
information for each one of said input devices, said proces-
sor sclectively processing images from said input devices
based on the identity of said current user and said informa-
tion.

8. The system of claim 1 further comprising a plurality of
said ootput devicas, said preference database storing said
information for each one of said output devices. said pro-
cessor selectively applying said processed images to said
output devices baszd on the identity of said current user and
said information. .

9_The systemmn of claim 1 wherein said preference database
stores said information as a plurality of linked records. a first
one of said records identifying a type of said informatios.
and a second one of said records containing data asseciatad
with said type of information.

10. The system of claim I wherein said at least one output
device includes means to cnable said [mage data to be
comnunicated to said medical practitioner by displaying
said irmage data.

11. The system of claim } wherein said at least one cutput
device includes means to enable said image data to be
communicated to a medical practitioner by storing said
image data for later retrieval.

12. A system for acquiring images durirg a medical
procedure and using the acquired images. comprising

at least one input deviee for obtaining said images,

at least one output device for using the images obtained by
said input device to cnabie image data 1o be commu-
nicated to a medical practitioner,

a prefzrence database for pre-storing, for each one of a
plurality of users of said system, respective preference
information that indicates a script of designated images
that said one of said plurality of users of said system
prefers to have captured. and

a processor for receiving an indication of an identity of
one of said users, who is currently using said system,
and, responsive to said indication of said identity of
said one of sakd users who is currealy using said
system., for retrieving said preference information for
said one of said users pre-siored in said preference
database, and for causing 2 script of images to be
captured based on the preference information in said
preference database that corresponds to said curreat
user, and said processor including prompting means for
causing said script of images to be captured by prempt-
ing a physician to capture said images in accordance
with said seript.

13. A system for acquiring images doring a roedical

procedure and using the acquired images. comprising

at least one input device for obtaining said images.

at least one output device for using the images obtained by
said input device to enable image data to be commu-
nicated to a medical practifioner.

a preference database for pre-storing. for each one of 2
plurality of medical procedures, respective preference
information that indicates a script of designated images
that a user of said system prefers to have caprured in
connection with said one of said plurality of medical
procedures. and

a processor for receiving an indication of an identity of
one of said plurality of rmedical procedures. and.
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responsive to said indication of said ong of said pie-
rality of medical proceduzes. for retrisving said pref-
er=ace information for said one of said medical proce-
durgs pre-stored in said preference database. and for
causing a script of images to be captursd vased on the
preference information in said preference database that
corresponds to said ore of said medical procedures, and
said processor including prompting means for causing
said script of images to be captured by prompting a
physician to capture said Lmages in accordance with
said script.

I14. A system for acquiring images during a medical
procedure and using the acquired images. comprising

at least ope input device for obtaining said images,

at least one output device for using the images obtained by
said input device to ¢nable image data to be commu-
nicated to a medical practitioner.

a preference database for pre-storing, for ¢ach one of a
plurality of users of said system, respective preference
information that indicates one or more visual represen-
tatjiops that said one of said plurality of users of said
system prefers t¢ be applied to said at least ons output
device together with said images obtained by said input
device, said one or more visual representations cotn-
prising graphical objects, and

a processor for receiving an indication of an identity of
one of said users. who is currently using said system.
and. responsive to said indication of said identity of
said ome of said users who is currently using said
system, for retrieving said preference information for
said one of said users pre-stored in said preference
database, for combining said one or more visual rep-
resentations with said images obtained by said input
device based on the preference information in said
preference database that correspends to said ope of said
users, and for applying said images to said at least one
output device together with said one or more visual
representations.

15. A system in accordance with claim 14 wherein said

one or more visual representations comprise text.

16. A system in accordance with claim 15 wherein said
processor includes means to anti-alias said text for improved
appearance.

17. A system in accordance with claim 14 wherein said
one or more visual representations comprises at least one
additional image.

18. A system in accordence with claim 17 wherein said
processor includes means to obtain said additional image
from an additional input device.

19. A system in accordance with claim 17 wherein said
images applied to said at least one output device comprise
immages that said processor has caused to be stored in a
memory upon receipt of a save command during said
medical procedure.

20. A system in accordance with claim 19 wherein said
processor incluées means to cause said at least one output
device to display said images as a composite of postage
starnp size images.

21. A system in accordance with claim 19 wherein said
processor includes means to cause said at least one output
device to displav said ima2ges as a sequence of full size
images.

22, A system in accordance with claim 19 wherein said
processor includes means to invoke image processing on
images selectzd by said user from said images applied to
said at least one cutput device.

23. A system in accordance with claim 19. wherein said
procassor includes means to delete an unwanied image
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selected by said user from said images applied to said at least
one output device.

24. A system in accordance with claim 14 wherein said
visual represzntation possesses the atribute of ransiucency.

25. A system in accordance with claim 14 wherein said
one or mere visual representations comprise prompis for
promgting said one of said users to capture images in a
desired sequence.

26. A system in accordance with claim 14 wherein said
processor includes means to maintain an aspect ratio of said
one or more visual representations with respect to said
images as said images are scaled in size.

27. A system in accordance with claim 14 wherein said
mrocessor inciudes means to maintain relative appearance of
said oge or more visual representations with respect to said
irpages as a format of said images Is changed.

28. A system in accordance with claim 14 wherein said
processar is configured to store said ong o more visual
representations in overlays in order not to affect said images.

29, A system for acquiring images during a medical
procedure and using the acquired images, corprising

at least one input device for obtaining said images.

at least one output device for using the images obtained by
said input device to enable image data to be commu-
nicated to a medical practitioner,

a preference database for pre-stering, for each one of a
plurality of medical procedures, respective preference
information that indicates one or more visual represen-
tations that are preferred to be applied to said at least
one output device together with said images obtained
by said input device in conpection with said one of said
plurality of medical procedares, said one or more visual
representations comprising graphical objects. and

a processar for Teceiving an indication of an identity of
one of said medical procedures, which is currently to be
performed and, responsive to said indication of said
identity of said one of said medical procedures that is
currently to be performed. for rerieving said prefer-
cnce inforrmation for said one of said medical proce-
dures that is pre-stored in said preference database, for
combining said one or more visual representations with
said {mages obtained by said input device based on the
prefzzrence information in said preference database that
corresponds to said medical procedure, and for apply-
ing said images to said at least one output device
together with said one or mere visual represzntations.

30. A system iz accardance with claim 29 wherein said
one or more visual representations comprise text.

31. A sysiem in accordance with claim 30 wherein said
processor includes means to anti-alias said text for improved
appearance.

32, A system in accordance with claim 29 wherein said
one or more visual representations comprises at least one
additional image.

33, A system in accordance with claim 32 wherzin said
processor includes means 1o obtain said additional image
frem an additional input device.

3. A systzm in accordance with claim 32 wherein said
images applied to said at least one outpur device comprise
images that said processor has caused to be stored in 2
memory upon receipt of 2 save command during said
medical procedure.

35. A syst=m in accordance with claim 34 wherzin said
processor includss means to cause said at lzast one output
device to display said images as a compusite of postage
stamp size images.

36, A systzm in accordance with claim 34 whersin said
processor inclodss means to cause said at least one output
device to display said images as a sequence of full sizs
images.
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37. A systemn in accordance with claim 34, wherein said
processor includes means to invoke image processing on
images selected by a user from saict fmages appiied to said
at least ons output device.

38. A system in accordance with claim 3. wherein said
processor includes means o delere an unwanted image
selected by said a from said images applied to said at least
one omput device,

39. A systern in accordance with claim 29 wherein said
visual representation possesses the amribute of ransiucency.

40. A svstem in accordance with claim 29 wherein said
one or more visual representations comprise prompts for
prompting safd one of said users to capture fmages in a
desired sequence.

41. A syster in accordance with claim 29 wherein said
processar includes means to maintain an aspect ratio of said
ope or more visual representations with respect to said
images as said images are scaled in size.

42. A system in accordance with claim 29 wherein said
processor inclades means to rnaintain relative appearance of
said one or more visual representations with respect to said
images as a format of said {mages is changed.

43, A system in accordance with claim 2% wherein said
processor includes means to store said one or more visnal
representations in overtays ia order not to affect said images.

44, A system for acquiring images during a medical
procedure and using the acquired images, comprising

at least one input device for obtaining said images.

at least one output device for using the images obtained by

said input device to enable image data to be commu-
nicated to a medical practitioner.

a still frame buffer configured to temporarlly store an

image obtained by said at least one input device.

a memory configured to store images obtained by said at

least one input device on a long-term busis, and

a processor configured to receive a freeze command and

in response thereto to freeze in said still frame butfer an
image obtained by said at least one ipput device, and to
receive a save command and in response thereto to save
in said memory a frozen image.

48, A system in accordance with claim 44 wherein said
processar is further configured to receive a live command
and in response thereto to cause said at least one ourput
device to display live images obtained by said at least one
input device, said processor being configured to toggle
between frozen and live images until a desired image is
frozen and then saved in said memory.

46. A system for acquiring images during 2 medical
procedure and using the acquired images. comprising

at feast ooe input device for obtaining said images.

at least one output device for using the images obtained by

said input device to enable image data to be commu-
nicated to a medical practitioner.

a preference database for pre-storing, for each one of a
plurality of users of said system. respective preference
information that indicates one or more visual represen-
tations that said one of said plurality of users of said
system prefers to be applied to said at least one oarput
device sogether with said images obtained by said inpat
device. said one or mare visual representations pos-
sessing the attributes of translucency, and

a processor for receiving an indication of an identity of
one of said users. who is carrently using said systerr.
and. responsive 1o sald Indication of said identity of
szid one of said users who is cumrently using said
system. for retrieving said prefersnce information for
said one of saild users pre-stmed in said preference
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darabase. for combining said poe or morz visual zzp-
resentations with said images obtained by said input
device based on the prefersnce information in said
preference database that corresponds to said one of said
users. and for applying said images to said at least ons
oztput device together with said one or more vistal
representations.

52

a praferencs database far pre-sworing. for sach ops cf 2
plurality of users of said system. respective prererence
izforzration thatindicates one or more visual represen-
1ations that said one of said plurality of users of said
system prefers to be appiled w said at least one eutput
device together with said images obtained by said imput
device.

47. A system for acquiring images durieg 2 medical

procedere and using the acquired images. comprising

at least one input device for obtaining said images.

at least one output device for using the images obrained by 10
said input device to enable image data to be commu-
nicated to a medical practiioner.

a preference database for pre-storing. for each one of a
plurality of users of said system. respeciive preference
information that indicates one or mere visual represen-
tations that said one of said plurality of users of said
system prefers to be applied to said at least one output
device together with said images obtained by said input
device. said one or more visual representations com-
prising prompts for prompting said onc of said users to
capture images in 2 desired sequence. and

a processor for receiving an indication of an identity of
onc of said users, who is currently using said system.
and. responsive to said indication of said identity of
said one of said users who is currendy using said
system, for retrieving said preference information, for 235
said one of said users pre-stored in said preference
database, for combining said one or more visual rep-
resentations with said images obtained by said input
device based on the preference informaation in said
prefexence database that corresponds to said one of said 3
users, and for applying said images to said at least one
output device together with said onme or more visual
representations.

48. A system for acquiring images during a medical

procedure and using the acquired images, comprising

at least one input device for obtaining said images,

at least one output device for using the images obtained by

a processer for receiving an indicadon of an identity of
one of said users, who is currently using said system.
and, responsive to said indieatior of said identity of
said one of said users who is cumently using sazd
system, for retrieving said preference information for
said one of said users pre-stored in said preference
database, for combining said one or more visual rep-
rasentations with said images obtained by said input
device based on the preference information in said
preference database that coresponds to said ops of said
users. and for applying said images to said at Jeast one
output device together with said ome or more visual
representations, and

said processer including means for maintaining relative
appearance of said one or more visual representations
with respect to said images as a format of said images
is changed.

50. A system for acquiring images during a medical

procedure and using the acquircd images. comprising

at least one input device for obtaining said images.

at least one output device for using the images obtained by
said input device to enable jmage data to be commu-
nicated to a medical practitioner,

a preference database for pre-storing, for cach one of a
plurality of users of said system. respective preference
information that indicates one or more visual represen-
tations that said one of said plurality of users of said
system prefers to be applied to said at least one catpu
device together with said immages obtained by said input
davice.

a processor for receiving an indication of an identiry of
one of said users, who is curently using said system.

—
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said input device to snable image data 1o be commu-
nicated to a medical practitioner,

a preference database for pre-storing. for each one of a
pluratity of users of said system. respective prefereace
information that indicates one of more visual represen-
tations that said one of said plurality of users of said
systern prefers to be applied to said at least one output
device together with said images obtained by said input
device,

a processor for receiving an indication of an identity of
one of said users, who is curently using said system.
and. responsive to said indication of said identity of
said one of said users who is currently using said
system. for retrieving said preference information for
said one of said users pre-stored in said preferznce
database, for combining said one or more visual rep-
Tesentations with said images obtaiped by said inpuat
device based on the preference information in said

45

and. responsive to said indication of said identity of .

said one of said users who is currently using said
syster, for rerieving said preference information for
said one of said users pre-storcd in said preference
database. for combining said one or more visual 1ep-
resentations with said images obtained by said input
device based on the preference information in said
preference database that corresponds to said one of sald
users, and for applying said images to said at least one
outpur device together with said one or meore visual
representations, and

said processer including means for storing said one or
more visual representations in overlays in order not to
affect said images.

51. A system for acquiring images during a medical

procedure and using the acquired images. comprising

at least one input device for obtaining said images.
at least one outplr device for using the images obtained by

preference database that corresponds to said one of said 55 said input device 1 epable image daua to be comrmu-
users. and for applying said images to said at least one nicatsd to a medical practitionst,
output device together with said one or more visual a preference database for pre-storing. for cach one of a
representations, and ‘ plurality of medical procedures, Tespective preference
said processor including means for maiptaining an aspect informaticn that indicates ons or more visual represen-
ratio of said one or morc visual representations with & tations that are preferred to be applied 1o said at least
respect to said images as said images are scaled in size. one output device together with sald fmages obtained
49. A system for acquiring images durng a medical by said inpat device in connection with said one of said
procedure and using the acquirct images. comprising piurality of medical procedures. said one or maore visual
at feast one input device for obtaining said images. representations possessing the attributss of
at least ane output device for using the images obtained by 65 translocency, and

said input device 1o enable image datz to be commu-
picated to a medical practitioner,

a processor for receiving an indication of an idendty of
one of said medical procedures. which is currently to be
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performeed and. responsive to said indication of said
ideptity of said one of said medical procedurss that is
currerdy to be performed. for retrisving said prefer-
ence information for said one of said medical proce-
dures that is pre-stored in said preference database, for
combining said one or more visual representations with
said images obtained by said input device based on the
preference informarion in said preferencs database that
corresponds to said medical procedure, and for apply-
ing said images to said at least onc output davice
together with said one or more visual representations.

<
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54
said processor including means for maintaining an aspect
ratio of said ofe or more visual reprasentations with
respect to said images as said images are scaled in size.
54. A system for acquiring images during a medical

procedure and using the acquired irmages. comprising

at least one input deviee for obtaining said images.

at least onc output device for using the images obtained by
said input device to enable image data to be commu-
nicated 1o a medical practitioner,

a preference database for pre-storing, for each one of a

52. A system for acquiring images during a medical
procedure and using the acquired images, comprising

at least one input device for obtaining said images,

at least one output device for using the images obtained by

plurality of medical procedures, respective preference
information that indicates one or more visual represen-
tations that arc prefemed to be applied to said at least
one cutpuit device together with said images obtained

bas
w

said inptr device to enable image data to be commu-
njcated to a medical practitioner,

a preference database for pre-storing, for each one of a
plurality of medical procedures. respective preference
iaformation that indicates one or more visual represen-
tations that are preferred to be applied to said at least
one cutput device together with said images obtained
by said input device in connection with said one of said
plurality of rnedical procedures, said one or more visual
representations comprising prompts for prompting said

20

by said taput device in connection with said one of said
plurality of medical procedures. and

a processar for receiving an indication of an identity of
one of said medical procedures, which is cumrently to be
performed and. responsive to said indication of said
identity of said one of said medical procedurss that is
cugrently to be performed, for retrieving said prefer-
ence information for said one of said medical proce-
dures that is pre-stared in said preference database, for
combining said one or more visual representations with

obe of said users to capture images in a desired 2 said images obtained by said input device based on the
sequence, and preference information in said preference database that
a processor for receiving an indication of an identity of corresponds to said mcg-i;ca] procedure, and for apply-
one of said medical procedures, which is currently to be ing said images lo sald at !casf one output dgwce
performed and. responsive to said indication of said together with said ons or more visua! representations,
identity of said cne of said medical procedures that js 2° 204 o o _
currently to be performed, for retrieving said prefer- said processor including means for maintaining relative
ence information for said one of said medical proce- appearance of said one ot more visual representations
dures that is pre-stored in said preference database, for with respect to said images as a format of said images
combining said one or more visual representations with is changed. L . .
said images obtained by said input device based onthe 35 55 A system for acquiring images during a medical

preference information in said preference database that
corresponds to said medical procedure, and for apply-
ing said images to said at least ome output device
together with said one or more visual represertations.

procedure and using the acquired images, comprising

at Jeast one input device for obtaining said images,

at least one output device for using the images obtained by
said input device to coable image data to be commu-

53. A system for acquiring images during a medical 40
procedure and using the acquired images, comprising

at least one input device for obtaining said images,

at Jeast one output device for using the images cbtained by

nicated to a medical practitioner,

a preference database for pre-storing. for each one of a
piurality of medical procedures, respective preference
- information that indicates one or more visual represen-

said input device to ¢nable image data to be commu-

picated to a medical practitioner, 45 ons output device together with said images obtained
a preference database for pre-storing, for each one of a by said imput dcy‘ice in connection with said one of said
plurality of medical procedures, respective preference plurality of medical procedures, and .
information that indicates one or more visuat reprasen- a processor for receiving an indication of an identity of
tations that are preferred to be applied to said at least one of said medical procedures, which is currently to be
one output device together with said images obtained 50 performed and, responsive to said indication of said

by said input device in connection with said one of said
piurality of medical procedures, and

a processor for recetving an indication of an identity of
one of said medical procedures, which is currently to be
performed and, responsive to said indication of said
identity of said one of said medical procedures that is
curently to be performed. for remieving said prefer-
ence information for said one of said medical proce-
dures that is pre-stored in said preference database. for
combining said one or more visual representations with
said images obtained by said input device based on ths
preference information in said preference database that
coresponds to said medical procedure, and for apply-
ing said images to said at least ome output device
together with said one or mere visual sepresentations,
and

tations that are preferred 1o be applied to safd at least

identity of said one of said medical procedures that is
cumently to be performed, for retrieving said prefer-
ence information for said one of said medical proce-
dures that §s pre-stored in said preference database, for
combining said one or more visual representations with
said images obtained by said input device based on the
preference information in said preference database that
corresponds to said medical procedure. and for apply-
ing said images to said at least one outpur device
together with said one or more visual representations.
and

said processor including means for storing said ome or
more visual representations in overlays in order aot to

affect said images.
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