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(57) ABSTRACT 

Systems and methods are disclosed for displaying data on a 
head’s-up display screen. Multiple forms of data can be 
selectively displayed on a semi-transparent screen mounted 
in the user’s normal ?eld of vieW. The screen can either be 
mounted on the user’s head, or mounted on a moveable 
implement and positioned in front of the user. A user 
interface is displayed on the screen including a moveable 
cursor and a menu of computer control icons. An eye 
tracking system is mounted proximate the user and is 
employed to control movement of the cursor. By moving and 
focusing his or her eyes on a speci?c icon, the user controls 
the cursor to move to select the icon. When an icon is 
selected, a command computer is controlled to acquire and 
display data on the screen. The data is typically superim 
posed over the user’s normal ?eld of vieW. 
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SELECTIVELY CONTROLLABLE HEADS-UP 
DISPLAY SYSTEM 

FIELD OF THE INVENTION 

[0001] The inventions relate to electronic display systems 
and control systems therefor. More particularly the inven 
tions relate to selectively operable heads-up display systems 
for presenting information and/or image(s) to the user. In its 
preferred form, the heads-up display is con?gured for use by 
medical technicians or personnel, such as surgeons perform 
ing an operation. 

BACKGROUND OF THE INVENTION 

[0002] A heads-up display is generally de?ned as an 
electronically generated display containing information or 
data that is superimposed on an observer’s normal ?eld of 
vieW. As explained in greater detail beloW, heads-up display 
(“HUD”) systems have been used in various applications. 
One such application is for use by pilots of aircraft. In the 
typical aircraft HUD system, a semi-transparent display 
screen is located generally in front of the eyes of the pilot 
(i.e. a screen mounted on the pilot’s head or helmet, or in the 
vieW of the aircraft Windshield). Such a system enables a 
pilot to concentrate on the dif?cult tasks associated With 
?ying the aircraft, Without diverting his attention to scan or 
examine a Wide array of instruments. 

[0003] It is also Well knoWn that medical technicians or 
personnel, such as surgeons, must keep track of many 
different types of information during an operation. For 
example, a surgeon must carefully vieW or monitor the 
physical surgery While simultaneously monitoring a 
patient’s condition (e.g., blood pressure, heart rate, pulse, 
etc.). In addition, depending on the procedure, the surgeon 
must also monitor the status and settings of surgical equip 
ment and tools. Although the additional information is 
necessary and important, monitoring such information often 
diverts the surgeon from the immediate task at hand. 

[0004] Some surgical operations require that the surgeon 
divert his eyes to vieW a video monitor, for example, When 
performing highly complex laser or internal surgery con 
ducted through scopes. See US. Pat. No. 5,222,477, Which 
discloses an endoscope or borescope stereo vieWing system. 
In addition, the surgeon may from time to time need to refer 
to data, such as de?ned by a patient’s recorded or Written 
history, or to previously taken x-rays or other computer 
generated images (e.g., CAT, NMR, 3D, etc.). For example, 
US. Pat. No. 5,452,416 discloses an automated system and 
a method for organiZing, presenting, and manipulating medi 
cal images for vieWing by physicians. See also US. Pat. 
Nos. 5,251,127 and 5,305,203, Which disclose a computer 
aided surgery apparatus that positions surgical tools during 
surgery or examinations. In each of the above-described 
systems, in order to vieW the displayed information, the 
surgeon must divert his or her eyes to a remote monitor. 

[0005] Thus, surgeons use many different types of displays 
and must continually monitor many different sources of 
information. HoWever, as more tools and sources of data 
become available to surgeons for use during operations, 
more opportunities for distraction arise. It is dif?cult for a 
surgeon to focus on his or her conduct during a surgical 
procedure While also continually shifting focus aWay from 
the patient to other monitors or indicators. Therefore, a need 
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exists for conveniently, ef?ciently and accurately displaying 
to a surgeon various types and sources of information, 
vieWs, and images of a patient undergoing a critical medical 
procedure. As explained in greater detail beloW, prior 
attempts in the medical ?eld to ful?ll that need have been 
unsatisfactory. 
[0006] For example, video signal sources have been 
adapted to scan vieWs or images for different types of 
medical uses and applications. US. Pat. No. 4,737,972 to 
Schoolman (“Schoolman I”) discloses a head-mounted 
device that provides stereoscopic x-ray images. Further 
more, US. Pat. No. 4,651,201 to Schoolman (“Schoolman 
II”) discloses an endoscope that provides stereoscopic 
images of the patient on a display. Both Schoolman I and 
Schoolman II alloWs for the selective transmission of other 
video data to the display. HoWever, Schoolman I and 
Schoolman II do not use a “see through” display that alloWs 
the surgeon to monitor both the environment around him and 
the video image. If the surgeon Wishes to monitor or vieW 
the real-World environment, as opposed to the displayed 
graphics, the head-mounted display must be removed. 

[0007] Efforts have also been made to use head-mounted 
displays in augmented reality simulations for medical appli 
cations Wherein a desired image or three-dimensional model 
is superimposed on the real scene of a patient. For example, 
it Was reported that a research effort in the Department of 
Computer Science at the University of North Carolina has 
attempted to develop a see-through head-mounted display 
that superimposed a computer-generated three-dimensional 
image of the internal features of a subject over the real-life 
vieW of the subject. Information describing those research 
efforts may be found on the World Wide Web in a document 
maintained by J annick Rolland at the site on the World Wide 
Web Pages of the NSF/ARPA Science and Technology 
Center for Computer Graphics and Scienti?c Visualization 
at the University of North Carolina, Chapel Hill (http:// 
WWW.cs.unc.edu/~rolland, cited February, 1996, copies of 
Which are included in the information disclosure statement 
that has been ?led concurrently With this application). That 
World Wide Web site in turn referenced the folloWing 
publication: A. R. Kancheral, et al., “A Novel Virtual Reality 
Tool for Teaching 3D Anatomy,”Pr0c. CVR Med ’95 (1995). 
Other research efforts at the University of North Carolina 
attempted to use a video see-through head-mounted display 
and a high-performance computer graphics engine to super 
impose ultrasound images over the real vieW of the subject, 
thereby alloWing a user to “see Within” the subject. A set of 
trackers captured the motion of the body part With respect to 
the ?eld of vieW of the user, and a computer updated the 
position of the body part in real time. The computer 
attempted to correlate the “tracked” position of the body 
With the three-dimensional model and to display the model 
on the heads-up display in a manner that gave the appear 
ance of “x-ray vision.” 

[0008] In the above-described University of North Caro 
lina research efforts, the focus Was primarily to help teach 
students by superimposing a single computer-generated 
image over a moving, real-life, image of a subject. HoWever, 
as explained in the associated literature, the “tracking” 
requirements made the research effort quite complicated, 
and the results appeared less than satisfactory. Moreover, 
such a teaching system is not applicable to the real-World 
environment of a surgeon, Where the patient is not moved 
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(and “tracking” is unnecessary), and Where the surgeon 
needs or desires other information to be made readily 
available for viewing. 

[0009] Still another research program associated With the 
University of North Carolina is described in Fuchs, et al., 
“Virtual Space Teleconferencing using a Sea of Cameras, 
”Proceea'ings of the First International Symposium on Medi 
cal Robotics and CompaterAssistea' Surgery (Pittsburgh, Pa, 
Sep. 22-24, 1994). That article describes research efforts that 
attempted to use a multitude of stationary cameras to acquire 
both photometric and depth data. The acquired data Was 
purportedly used to construct a remote site in accordance 
With the head position and orientation of a local participant. 
According to the article, each participant Wears a head 
mounted display to look around a remote environment 
having surface geometries that are continuously sensed by a 
multitude of video cameras mounted along the Walls and 
ceiling, from Which cameras depth maps are extracted 
through cross-correlation stereo techniques. VieWs acquired 
from several cameras are then displayed on a head-mounted 
display With an integrated tracking system to provide images 
of the remote environment. The explained purpose of the 
effort Was to duplicate, at a remote location, a three-dimen 
sional virtual reality environment of a medical room. HoW 
ever, the article does not disclose the use of see-through 
displays providing a surgeon With the ability to select and 
display additional forms of data, or to superimpose data over 
a real-life vieW of the patient or surgical site. 

[0010] Another type of head-mounted display is described 
in Yoshida, et al., “Optical Design and Analysis of a Head 
Mounted Display With a High-Resolution Insert,”Proc. SPIE 
2537 (1995). That article describes yet another research 
program associated With the University of North Carolina in 
Which a small area of a high-resolution image is inserted on 
a large ?eld of a loW resolution image displayed on a 
head-mounted screen. The system is described as using 
eye-tracking information to dynamically place the high 
resolution insert at the user’s gaZe point. The system pur 
ports to provide the user With both high-resolution imagery 
and a large ?eld of vieW. In essence, using eye-tracking 
electronics, the “inserted image” corresponding to the user’s 
gaZe point is converted from loW resolution to high-resolu 
tion. HoWever, as above, the user can not select additional or 
alternative forms of data or different images to be superim 
posed over the primary image on the head-mounted display. 

[0011] Thus, feW head-mounted displays have been devel 
oped for the medical industry, and all those described above 
have had limited purpose and utility. On the other hand, and 
as discussed brie?y above, a Wide variety of head-mounted 
devices are commonly used in military applications. As 
mentioned, aircraft pilots, tank commanders, Weapon opera 
tors and foot soldiers have all used head-mounted displays 
to display various forms of Weapon or image information 
along With other data de?ning the real-World environment of 
the person Wearing the display. For examples of such 
systems, see the following US. Pat. Nos. 4,028,725; 5,281, 
960; 5,000,544; 5,227,769; 4,994,794; 5,341,242; 4,878, 
046; 3,940,204; 3,923,370; 4,884,137; 4,915,487; and 
4,575,722. LikeWise, helmet or head-mounted displays have 
also been used for motorcycle riders. US. Pat. No. 4,988, 
976 discloses a motorcycle helmet that displays data or 
information such as speed, time, rpm’s, fuel, oil, etc. on the 
transparent visor (i.e. vacuum ?uorescent display) of the 
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rider. Head-mounted displays that are Worn in front of the 
user’s eyes or Worn as eye spectacles also exist. For 
example, see the following US. Pat. Nos. 5,129,716; 5,151, 
722; 5,003,300; 5,162,828; 5,331,333; 5,281,957; 5,334, 
991; 5,450,596 and 5,392,158. 
[0012] The ?eld of virtual reality also has driven advances 
in the use of various types of head-mounted displays. For 
example, see the following US. Pat. Nos. 4,636,866; 5,321, 
416; 5,347,400; 5,348,477; 5,406,415; 5,414,544; 5,416, 
876; 5,436,765; 5,479,224; 5,473,365; D363,279; 5,485, 
172; 5,483,307; 5,130,794. See also the publication How 
Virtual Reality Works, by J. Eddings (Ziff-Davis Press, 
Emeryville, Calif., 1994), and the site maintained by 
Rolland (referenced above) relating to telepresence systems 
and augmented reality. 

[0013] Advances have also been made in the area of 
heads-up displays or screens that are not attached to or Worn 
by the user. Most commonly, such systems are employed in 
automotive or military environments, to provide vehicle 
performance, Weapon status, and other data for the driver or 
pilot. For examples of such systems, see the following US. 
Pat. Nos. 5,278,696; 4,652,870; 4,711,512; 4,729,634; 
4,799,765; 4,927,234; 4,973,139; 4,988,976; 4,740,780; 
4,787,711; 4,740,780; 4,831,366; 5,005,009; 5,037,182; 
5,231,379; 4,824,228; 4,763,990; 4,669,810; 4,688,879; 
4,818,048; 4,930,847; 4,932,731; 5,198,895; 5,210,624; 
5,214,413; 5,302,964; 4,725,125; 4,188,090; 5,028,119 and 
4,769,633. 
[0014] Numerous advances have occurred in the speci?c 
forms of, and materials used in, heads-up display systems. 
See, for example, US. Pat. Nos. 4,987,410 and 4,961,625 
(use of Liquid Crystal Displays (LCDS)); US. Pat. Nos. 
5,108,479 and 5,066,525 (laminating glass plates or panels); 
and US. Pat. No. 5,457,356 (making a ?at panel head 
mounted display). 

[0015] Also pertinent to this invention is the ?eld of 
eye-tracking to control various computer or imaging func 
tions. Various systems unrelated to the medical ?eld have 
used eye-tracking for controlling a ?eld of vieW. For 
example, see US. Pat. No. 4,028,725, Which discloses an 
eye and head tracking system that controls a beam-splitter 
and retains the high-resolution part of the image in the ?eld 
of vieW. The eye-tracking is carried out by infrared detection 
(i.e. see US. Pat. No. 3,724,932). See also US. Pat. Nos. 
5,287,437; 4,439,755; 4,349,815; 4,437,113; 4,028,725 (ref 
erenced earlier) and the article “Optical Design and Analysis 
of a Head-Mounted Display With a High-Resolution Insert,” 
referenced above, particularly at footnote 19, Which refers to 
the Eye-tracking Systems Handbook, Applied Science Labo 
ratories, Waltham Mass. (1992). 

[0016] Finally, video recording systems for recording 
scenery and heads up displays have been taught by the prior 
art. US. Pat. No. 5,241,391 to Dodds (“Dodds”) discloses a 
video camera system that records scene conditions and 
heads-up displays. 
[0017] NotWithstanding the large number of articles and 
patents issued in the area of heads-up or head-mounted 
displays, there has been no such display that is designed for 
the special needs of individuals performing detailed but 
critical tasks on relatively stationary subjects. Such a system 
Would be extremely useful to personnel Working in the ?elds 
of medicine, forensics, and micro-electronics. 
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[0018] Presently, there is a need for a selectively operable, 
head-mounted, see-through viewing display system for pre 
senting desired information and/or images to a user, While at 
the same time alloWing the user to vieW the real-World 
environment in Which he or she operates. There is a further 
need to provide a convenient selectable vieWing system that 
can be easily controlled by an eye-tracking cursor and 
speech recognition to control different images or displays on 
a videomonitor or to control a ?eld of vieW, While keeping 
the user’s hands free to conduct precision operations. 

SUMMARY OF THE INVENTION 

[0019] Accordingly, it is an object of this invention to 
provide an improved heads-up display system. 

[0020] It is another object of the invention to provide a 
“hands-free” heads-up display system that is useful to indi 
viduals performing detailed procedures, such as those Work 
ing in the ?elds of medicine, forensics, micro-electronics, 
biotech, etc. 

[0021] It is another object of the invention to provide an 
improved head-mounted display that alloWs the user to vieW 
both the subject and selected data. 

[0022] It is another object of the invention to provide an 
improved heads-up display that includes a user-friendly 
interface to a command control computer. 

[0023] It is another object of this invention to provide an 
improved heads-up display that interfaces With a command 
control computer and includes an eye-tracking cursor to 
select menus to control computer performance and the 
display of data. 

[0024] It is another object of this invention to provide an 
improved heads-up display that interfaces With a command 
control computer and includes a speech recognition circuit 
to control computer performance and display of data. 

[0025] It is another object of the invention to provide an 
improved heads-up display that can be positioned betWeen a 
surgeon and a patient in the surgeon’s line of sight. 

[0026] It is another object of the invention to provide an 
improved heads-up display that alloWs the user to vieW the 
subject While simultaneously monitoring the output from a 
number of different information sources, including imaging 
devices and remote or netWorked computer systems. 

[0027] It is another object of the invention to provide an 
improved heads-up display that alloWs a medical technician 
to control medical imaging devices to obtain images of 
select parts of a patient and to display those images on the 
heads-up display. 

[0028] It is another object of the invention to provide an 
improved heads-up display that alloWs a user to control a 
computer to acquire and display data de?ning a subject’s 
history While simultaneously vieWing the subject. 

[0029] It is another object of the invention to provide an 
improved method for conducting surgery on a patient While 
simultaneously obtaining access to and conveniently dis 
playing on a heads-up display a variety of types of data 
relating to the patient. 

[0030] It is another object of the invention to provide an 
improved method of controlling a heads-up display by 
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employing a “point-and-click” type user interface and cursor 
controlled by tracking movement of the eye. 

[0031] It is another object of the invention to provide an 
improved method of controlling a heads-up display by 
employing speech recognition, both alone and in combina 
tion With an eye-tracking cursor. 

[0032] It is another object of the invention to provide an 
improved heads-up display system that alloWs the user to 
control tools or instruments in a hands-free manner. 

[0033] It is another object of the invention to provide an 
improved heads-up display system that alloWs a surgeon to 
control surgical tools or other instruments in a hands-free 
manner. 

[0034] It is another object of the invention to provide an 
improved heads-up display maintained in an eyepiece of a 
scope or instrument and that is controlled With integral 
eye-tracking and speech recognition systems. 

[0035] The above and other objects are achieved in an 
improved, selectively controllable system for presenting 
desired data on a head-mounted (or “heads-up”) display. The 
system includes a command computer processor for receiv 
ing inputs that represent data and for controlling the display 
of desired data. The computer communicates With and 
controls the heads-up display system, Which is con?gured to 
display the desired data in a manner that is aligned in the 
user’s ?eld of vieW. The heads-up display includes a user 
interface incorporating “hands-free” menu selection to alloW 
the user to control the display of various types of data. In its 
preferred form, the hands-free menu selection is carried out 
using an eye-tracking cursor and a speech recognition com 
puter to point to and select speci?c menus and operations. 

[0036] The above and other objects are also achieved in an 
user-controllable heads-up system for presenting medical 
data to a physician. The system includes a command control 
computer for receiving inputs de?ning medical data and for 
controlling the display of that data on a head’s-up display 
screen in the normal ?eld of vieW of the physician. The 
heads-up display provides the physician With a “user inter 
face” including menus and associated operations that can be 
selected With an eye-tracking cursor. The system also 
includes a microphone and speaker so that a physician can 
communicate With other personnel and computers both 
locally and remote from the cite. The command computer 
includes a speech recognition processor to respond to spo 
ken commands of the physician. The command computer 
also communicates With and receives a Wide array of data 
from other computers netWorked thereWith. The physician 
can select the speci?c data to be displayed on the screen. In 
addition, the physician can, With the eye-tracking cursor, 
control various medical imaging devices. 

[0037] The above and other objects are also achieved in a 
method of selectively displaying multiple forms of data on 
a head-mounted display. In accordance With the method, a 
see-through computer display screen is mounted on a head 
piece that is Worn by the user. Acommand computer controls 
a user interface so that command icons or menus are 

displayed in a super-imposed manner on the see-through, 
head-mounted display, thereby alloWing the user to see both 
the normal ?eld of vieW and the user interface. The user 
interface is provided With a “point-and-select” type of 
cursor. An eye-tracking system is integrated With the com 
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mand control computer and the user interface to monitor the 
user’s eye movement and to correspondingly control move 
ment of the cursor. The user selects various computer 
operations from menus contained in the user interface by 
moving the eye-tracking cursor to selected menus or icons. 
By using the eye-tracking cursor to select various computer 
operations, the user can control the command computer to 
selectively display on the see-through HUD screen numer 
ous items of data or images, While still seeing the normal 
?eld of vieW. 

[0038] The preferred embodiments of the inventions are 
described beloW in the Figures and Detailed Description. 
Unless speci?cally noted, it is the intention of the inventors 
that the Words and phrases in the speci?cation and claims be 
given the ordinary and accustomed meaning to those of 
ordinary skill in the applicable art(s). If the inventors intend 
any other meaning, they Will speci?cally state that they are 
applying a special meaning to a Word or phrase. 

[0039] Likewise, the use of the Words “function” or 
“means” in the Detailed Description is not intended to 
indicate a desire to invoke the special provisions of 35 
U.S.C. Section 112, ll 6 to de?ne his invention. To the, 
contrary, if the provisions of 35 U.S.C. Section 112, ll 6 are 
sought to be invoked to de?ne the inventions, the claims Will 
speci?cally state the phrases “means for” or “step for” and 
a function, Without also reciting in such phrases any struc 
ture, material or act in support of the function. Even When 
the claims recite a “means for” or “step for” performing a 
function, if they also recite any structure, material or acts in 
support of that means of step, then the intention is not to 
invoke the provisions of 35 U.S.C. Section 112, ll 6. More 
over, even if the inventors invoke the provisions of 35 
U.S.C. Section 112, ll 6 to de?ne the inventions, it is the 
intention that the inventions not be limited only to the 
speci?c structure, material or acts that are described in his 
preferred embodiments. Rather, if the claims speci?cally 
invoke the provisions of 35 U.S.C. Section 112, ll 6, it is 
nonetheless the intention to cover and include any and all 
structures, materials or acts that perform the claimed func 
tion, along With any and all knoWn or later developed 
equivalent structures, materials or acts for performing the 
claimed function. 

[0040] As a primary example, the preferred embodiment 
of this invention is con?gured for use by a surgeon perform 
ing an operation on a patient. HoWever, the invention is 
equally applicable to any environment in Which the user is 
conducting precision or detailed procedures With his or 
hands on a relatively stationary subject, and Where the user 
Would ?nd it advantageous to see data superimposed over 
the normal ?eld of vieW. The potential applications are too 
numerous to mention, but Would include forensics, micro 
electronics, biotechnology, chemistry, etc. Thus, even 
though the preferred embodiment refers to use by a surgeon, 
and to the acquisition and display of medical data, its 
applicability is much broader, and the claims should be 
interpreted accordingly. 

[0041] Further, the description of the preferred embodi 
ments make reference to standard medical imaging devices 
that are used to generate images to be displayed on the 
heads-up display. The disclosure speci?cally references sev 
eral examples of such devices, including video cameras, 
x-ray devices, CAT and NMR scanners, etc. HoWever, 
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numerous other medical imaging systems are Well knoWn to 
exist, and most likely, numerous improved imaging devices 
Will be developed in the future. Thus, the present invention 
does not depend on the type of imaging device that is 
implemented. The inventions described herein are not to be 
limited to the speci?c scanning or imaging devices disclosed 
in the preferred embodiments, but rather, are intended to be 
used With any and all applicable medical imaging devices. 
LikeWise, the preferred embodiments depicted in the draW 
ings shoW a single generic imaging device mounted on a 
manipulator arm. Numerous other tool and manipulator 
con?gurations, and multiple imaging devices, can be sub 
stituted for the single device. 

[0042] Further, the speci?cation in some places refers to 
several computers or controllers that perform various control 
operations. The speci?c form of computer is not important 
to the invention. In its preferred form, applicant divides 
several of the computing, control and analysis operations 
into several cooperating computers or embedded systems. 
HoWever, With appropriate programming Well knoWn to 
those of ordinary skill in the art, the inventions can be 
implemented using a single, high poWer computer. Thus, it 
is not the intention to limit the inventions to any particular 
form or any number of computers, or to any speci?c 
computer netWork arrangement. 

[0043] LikeWise, the detailed description beloW shoWs at 
least tWo embodiments for the display screen. The preferred 
embodiment discloses the display screen mounted on the 
head of the user. The second embodiment shoWs the display 
screen positioned betWeen the user and the subject, in a 
manner that is not mounted upon or supported by the head 
of the user. Additional embodiments also exist, and need not 
be disclosed. For example, the ?rst embodiment can be 
modi?ed for use in the eye-piece of a scope of any form, 
such as used in micro-electronics, biotech, medicine, foren 
sics, chemical research, etc. 

[0044] Similarly, the speci?c arrangement of the icons and 
menus that appear on the HUD screen, and the associated 
operations performed by those icons and menu items, are a 
matter of choice for the speci?c application. Thus, the 
invention is not intended to be limited to the speci?c 
arrangement and contents of the icons and menus shoWn and 
described in the preferred embodiments. For example, the 
icons and menu items for a selectively controllable heads-up 
display used by a dentist Would likely be different than the 
arrangement used for a micro-electronics engineer. 

[0045] Further examples exist throughout the disclosure, 
and it is not the intention to exclude from the scope of the 
invention the use of structures, materials or acts that are not 
expressly identi?ed in the speci?cation, but nonetheless are 
capable of performing a recited function. 

BRIEF DESCRIPTION OF THE FIGURES 

[0046] The inventions of this application are better under 
stood in conjunction With the folloWing Figures and Detailed 
Description of their preferred embodiments. The various 
hardWare and softWare elements used to carry out the 
inventions are illustrated in the attached draWings in the 
form of block diagrams and How charts. For simplicity and 
brevity, the Figures and Detailed Description do not address 
in detail features that are Well knoWn in the prior art, such 
as the literature listed in the Background of the Invention, 
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above. However, to assure an adequate disclosure, the 
speci?cation hereby expressly incorporates by reference 
each and every patent and other publication referenced 
above in the Background of the Invention. 

[0047] FIGS. 1A, 1B and 1C depict side, top and front 
vieWs, respectively, of a selectable heads-up display Worn by 
a technician, such as a surgeon. 

[0048] FIG. 2 shoWs an eXample for a basic con?guration 
of an integrated head mounted display (HMD) and associ 
ated computer system used by a technician, such as a 
surgeon. 

[0049] FIG. 3 is a block diagram of the primary compo 
nents of the heads-up surgeon’s display of FIG. 2. 

[0050] FIG. 4 is a more detailed block diagram of a 
preferred embodiment of the heads-up display system. 

[0051] FIG. 5 depicts an embodiment for the physical 
eye-tracking system implemented With an infrared laser. 

[0052] FIG. 6A depicts an embodiment for the display 
vieW and associated icons and menu items as seen by the 
surgeon Wearing the heads-up display on a transparent or 
see-through screen. 

[0053] FIG. 6B depicts an embodiment for the display 
vieW and associated icons and menu items as seen by the 
surgeon Wearing the heads-up display, With a patient’s vital 
signs selected for display on a transparent or see-through 
screen. 

[0054] FIG. 6C depicts an embodiment for the display 
vieW and associated icons and menu items as seen by the 
surgeon Wearing the heads-up display, With a vieW from one 
of the cameras selected for display on a transparent or 
see-through screen. 

[0055] FIG. 7A depicts an embodiment for the display 
vieW and associated icons and menu items as seen by the 
surgeon Wearing the heads-up display, With a vieW from one 
of the cameras selected for display on a portion of the screen 
that has been made selectively non-transparent. 

[0056] FIG. 7B depicts an embodiment for the display 
vieW and associated icons and menu items as seen by the 
surgeon Wearing the heads-up display, With multiple X-ray 
images from the computer or one of the cameras selected for 
display on a portion of the screen that has been made 
selectively non-transparent. 

[0057] FIG. 7C depicts an embodiment for the display 
vieW and associated icons and menu items as seen by the 
surgeon Wearing the heads-up display, With multiple forms 
of data and images displayed in WindoWs on a portion of the 
screen. 

[0058] FIG. 7D depicts another form for the display vieW 
and associated icons and menu items as seen by the surgeon 
Wearing the heads-up display, With multiple forms of data 
and images displayed in various WindoWs on a portion of the 
screen. 

[0059] FIGS. 8A, 8B and 8C depict various vieWs of an 
alternative embodiment implemented With a transparent 
heads-up display that is not Worn by the surgeon, but rather, 
is movably stationed over the patient. 
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DETAILED DESCRIPTION 

[0060] ShoWn in FIGS. 1A, 1B and 1C are three vieWs of 
a head-mounted, selectable, display system 10. In the pre 
ferred embodiment shoWn in the Figures, the display system 
10 is Worn by a surgeon 12 performing an operation. 
HoWever, the system is easily programmed for use by any 
individual performing detailed procedures in Which it is 
advantageous to see the normal ?eld of vieW, While also 
having access to and seeing in that ?eld of vieW a variety of 
forms of data relating to the procedure. Thus, it is envisioned 
that a display in accordance With this invention Will have 
many applications, but is primarily intended for procedures 
Where detailed Work is performed on relatively stationary 
objects. Accordingly, While the description beloW refers 
repeatedly to the user as a “surgeon”, it should be understood 
that the other users are included in the scope of the inven 
tion. 

[0061] For convenience, the phrases “head-mounted dis 
play,”“heads-up display” and “HUD” are used interchange 
ably throughout this speci?cation. The major components of 
the HUD system 10 as Worn by the surgeon 12 include a 
display screen 14, microphone 16, speaker 17, display driver 
18, camera 29, display mirrors 20 and 22, light 31, eye 
tracking laser 24, eye-tracking detector 26, and eye-tracking 
optics 28. In its preferred form, each of these components 
are integrated into a single, adjustable head piece that is 
placed on the surgeon’s head 30. Once placed on a surgeon’s 
head 30, the various components are adjusted for proper 
operation. More speci?cally, the screen 14 is positioned 
comfortably in front of and in the normal line of sight of the 
surgeon’s eyes 32, and the microphone 16 (placed in front of 
surgical mask 19) and speaker 17 are positioned so that the 
surgeon 12 can communicate With selected medical assis 
tants and computers including an electronic speech recog 
nition system, as discussed in greater detail beloW. The 
display driver 18 and display mirrors 20 and 22 are adjusted 
to superimpose selected images and data With light rays 4 
from outside of HUD 10 on the display screen 14 via optical 
path 6. LikeWise, the eye-tracking laser 24, eye-tracking 
detector 26, and eye-tracking optics 28 are aligned to detect 
and communicate eye movement to an eye-tracking com 
puter, as also discussed beloW. In more compact versions of 
the head mounted display system discussed above and 
shoWn in FIGS. 1A, 1B, 1C, and 2, an eyeglass frame may 
be used to support the display surface 14, eye-tracking laser 
24, eye-tracking detector 26, eye-tracking optics 28, or other 
components as desired. 

[0062] Referring to FIG. 2, the surgeon 12 Wears the HUD 
system 10 to simultaneously vieW selected data and images 
While performing an operation on a patient 34. In a preferred 
form, the surgeon 12 can selectively control the display 
screen 14 to operate betWeen opaque or translucent modes. 
In the opaque mode, the screen 14 Will display primarily the 
data or images generated from a control computer 36 or one 
or more video or medical imaging input device(s) 38, for 
eXample, When conducting particularly detailed or internal 
surgery. In the translucent mode, the surgeon 12 Will be able 
to see through display screen 14 to the patient 34, While at 
the same time seeing the data or images generated by the 
computer 36 or imaging input device(s) 38. 

[0063] To simplify the disclosure, only one imaging input 
device 38 is shoWn in FIG. 2. HoWever, it is expressly noted 
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that multiple numbers, and any and all forms, of image 
generating systems can be employed in the proposed system. 
Thus, CCD, video, X-ray, NMR, CAT, and all other medical 
imaging systems can be employed. In its most basic form, 
the imaging input device 38 is mounted on a moveable and 
computer controllable manipulator assembly or arm 39, so 
that it can be controlled by the surgeon 12 through the HUD 
system to move to selected parts of the patient 34, and to 
obtain and magnify images of particular parts of the body, 
tissue or organs undergoing surgery. For a more detailed 
discussion on automatically controlled and moveable cam 
eras, see US. Pat. No. 5,249,045 and the patents cited 
therein, all of Which are incorporated herein by reference. 

[0064] In operation, the surgeon 12 can command the 
HUD system 10, under control of computer 36, to selec 
tively display on screen 14 various forms of data, graphics 
or images, including magni?ed or otherWise modi?ed 
images from the imaging input device(s) 38, While at the 
same time looking through the screen 14 to vieW the patient 
34 and the normal, real-life environment of the operating 
room. Thus, the surgeon 12 is able to directly vieW the 
patient 34, While at the same time, select from many forms 
of data for display on the HUD screen 14. For eXample, if 
the surgeon 12 is performing surgery in close proXimity to 
critical organs, the surgeon may Wish to see both the 
movements of his or her hands, and a superimposed mag 
ni?ed vieW from one of the image input device(s) 38. The 
surgeon 12 can control the video device 38 to move to and 
focus on the critical area or surgical site, and to obtain and 
magnify and image for display on the HUD display 14. In 
addition, the surgeon can control the computer system 36 to 
record the generated images, and then to display on the HUD 
screen 14 selected parts thereof after being magni?ed or 
otherWise computer enhanced. In accordance With the inven 
tion, the surgeon 12 has the great advantage of being able to 
simultaneously control the HUD and data acquisition sys 
tems, While also looking through the HUD display 14 to 
Watch minute hand movements and other aspects of the local 
environment. 

[0065] As explained in greater detail beloW, the surgeon 
12 may command the computer 36 in several Ways. In the 
preferred mode, the HUD system 10 incorporates eye 
tracking to control a curser that is displayed on the HUD 
screen 14. More speci?cally, as shoWn graphically in FIGS. 
6A-6C, the standard display 14 includes menu items or icons 
that can be selected by a curser 40 that is in turn controlled 
by an eye-tracking system. For eXample, When the surgeon 
12 focuses his eyes on a selected icon or menu displayed on 
the HUD screen 14, the eye-tracking system Will corre 
spondingly cause the curser 40 to move or “track” over the 

selected icon or menu item. The surgeon can then select the 
speci?c icon or menu by voice command or With a foot 
operated select button (not shoWn) operating in a manner 
similar to the Well knoWn “mouse” button. Thus, the surgeon 
operates eye-tracking curser 40 in a “hands-free” manner to 
move onto icons and to select various imaging systems, 
computers or other data sources for display on the HUD 
display 14. 

[0066] Alternatively, or in combination With the eye 
tracking curser 40, the HUD system 10 includes a standard 
speech recognition sub-system integrated With the command 
operations. Thus, the surgeon 12 can speak select speech 
commands or select Words to select speci?c menus or to 
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initiate computer operations to acquire and display select 
images or data. In the combined speech and eye-tracking 
mode, the surgeon can use his or her eye to move the curser 
40 to a particular menu or icon, and then speak commands 
to perform various operations associated speci?cally With 
that menu or icon, such as obtaining or magnifying images, 
selecting particular parts of patient histories, etc. 
[0067] As shoWn in FIG. 2, the HUD display system 10 
preferably communicates With the command computer 36 
via any appropriate form of Wireless communication, as is 
Well knoWn in the art of computer netWorking. Thus, the 
surgeon is shoWn Wearing a radio transmitter 44 and an 
antenna 46 that operate in a manner that is Well knoWn in the 
art to communicate With computer 36. Although it is pre 
ferred to use Wireless communication, it is expressly noted 
that any and all forms of Wireless or Wired communication 
can be used, and as a result, the invention is not intended to 
be limited to any speci?c form of data communication 
betWeen the HUD system and the computer 36. 

[0068] As discussed above, the surgeon may use the HUD 
system as a hands-free interface to control an imaging input 
device 38 (shoWn as a camera in FIG. 2) and its associated 
manipulator assembly 39 to obtain images of the patient 34, 
and to display the images on the HUD display 14. In 
addition, the surgeon can operate the HUD system as an 
interface to obtain from computer 36 (or from additional 
remote or local computers not shoWn) reference or other 
patient data, and to display that data on the HUD display 14. 

[0069] ShoWn in FIG. 3 is a general block diagram of the 
HUD system integrated in a surgeon’s environment in 
accordance With the present invention. The HUD system 10, 
including the referenced display, eye-tracking, speech rec 
ognition and communication elements, is coupled to a main 
command control computer 36. Also coupled to the com 
mand computer 36 are the numerous sensor inputs 47, such 
as those that monitor vital signs and acquire medical images. 
An electronic data base 48 of the patient’s history is either 
coupled to or included in the memory of the command 
computer 36. The command computer 36 has access over a 
standard netWork 50 to remote sites and computers (not 
shoWn). 
[0070] There are numerous types of sensor inputs 47 that 
Will monitor the patient 34 and generate data of interest to 
the surgeon 12. Each such sensor 47 is considered old in the 
art, and operates to monitor and generate computer data 
de?ning the characteristics of the patient 34 in a manner Well 
knoWn to those of ordinary skill in the art. Thus, it is 
eXpressly noted that While several speci?c types of sensor 
inputs may be described in this speci?cation, any and all 
types of sensor inputs 47 can be used, as long as the data is 
generated in a manner that is made accessible to the surgeon 
12 by the command control computer 36. 

[0071] The patient data base 48 includes any and all type 
of patient data that a surgeon may Wish to access, including, 
for eXample, the patient’s history and prior medical images. 
While the data base 48 is shoWn in FIG. 3 as being separate 
from the command computer 36, the data base can also be 
loaded into the data storage portion of the command com 
puter 36. LikeWise, the patient data base 48 may be located 
remote from the command computer 36, and can be accessed 
over the netWork 50. 

[0072] In its preferred form, the netWork 50 may access 
not only the standard hospital netWork, but also remote sites. 












