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EYE TRACKING HEAD MOUNTED DISPLAY 

FIELD OF THE INVENTION 

The present invention relates to head mounted display sys 
tems and more particularly, to head mounted display systems 
Which use eye-tracking technology. 

BACKGROUND OF THE INVENTION 

Head mounted display systems (HMDs) are devices, Worn 
on a user’s head, Which display information to a user. Some 
HMDs project their display onto large, ?xed surfaces in front 
of a user’s eyes. The display surface can be a partially-re?ec 
tive, partially-transmissive surface, knoWn in the art as a 
beam- splitter, attached to the user’ s face and enabling the user 
to simultaneously vieW the display and the environment. 
Altemately, the display surface can be a retro-re?ective 
screen as in US. Pat. No. 5,572,229 to Fisher, entitled “Head 
Mounted Projection Display System Featuring Beam-splitter 
and Method of Making Same.” Other HMDs use optics (like 
mirrors and beam-splitters) to project a display directly onto 
a user’s eye. 
HMDs are currently used for a Wide range of applications, 

both military and civilian. Historically, head mounted dis 
plays have been used by pilots and soldiers to supplement the 
information they draW from their environment With real-time 
computer-proces sed information to better enhance their vieW 
and inform their decisions. Other users of head mounted 
display systems include: video gamer players seeking a vir 
tual-reality playing experience; Warehouse managers seeking 
an enhanced stock location and coordination system (see US. 
Pat. No. 6, 744,436 to Chirieleison, Jr. et al, Which is incor 
porated herein by reference); television and movie vieWers 
seeking privacy and/or an enhanced vieWing experience; 
vehicle operators seeking greater feedback about vehicle and 
environmental conditions; and, computer users seeking a 
compact Working environment. HMDs are used in many more 
environments than so-called “heads-up displays” or HUDs, 
as HMDs may be Worn by a user in many environments, 
including those in Which the use of a HUD might be dif?cult 
or impossible. 

For all their uses, hoWever, HMDs have historically had a 
number of problems for Which solutions have seemed either 
impossibly costly, or impossibly dif?cult to execute. For 
example: 

To produce even a small display area, HMDs have typically 
required equipment that is bulky, heavy, unWieldy, 
uncomfortable, and expensive. 

Typical HMDs fail to cover all of the directions in Which 
the eye can look, leading to a discontinuous image, an 
unenhanceable “blind spot,” or a lack of image alto 
gether at the periphery. For such a head mounted display, 
see US. Pat. No. 6,452,572 to Fan et al. 

Typical HMDs have elements that obscure a ?xed portion 
of a user’s ?eld-of-vieW. Optics such as lenses, and 
mechanical elements such as servos, motors, and sup 
port structures occupy valuable property in the user’s 
visual ?eld. For an example of an early attempt at a 
high-resolution vision system Which folloWs the line-of 
sight With such elements, see US. Pat. No. 4,028,725 to 
LeWis. 

Producing a large ?eld-of-vieW With an HMD typically 
requires a reduction in display resolution, leading to less 
information, and less precision. Alternately, the use of a 
high display resolution requires a narroW and constrict 
ing ?eld of vieW. 
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2 
While the distribution of rods, cones, and other structures 

Within the eye is not even or symmetrical, HMDs typi 
cally produce the same pixel density and image type for 
every part of the eye, leading to a discontinuous, uncom 
fortable, and suboptimal vieWing experience, Which 
Wastes information density Where the eye is ill equipped 
to handle it. 

HMDs often produce images from a single source in space, 
leading to variations in the image perceived When the 
eye is at different angles from the source. Systems to 
compensate for this angular distortion can involve digi 
tal alteration of the image, Which can squander process 
ing poWer and require specialiZed hardWare. 

Delivering an image from a location on the HMD to the eye 
often requires a large number of optical components like 
mirrors, beam-splitters, and lenses. Each of these com 
ponents not only increases the Weight of the device, but 
can distort or dim the image; collectively, they require a 
source image of the highest precision and brightness to 
provide an image of acceptable quality to the eye. For an 
example of a HMD Which uses multiple mirrors in this 
manner, see US. Patent Application Publication No. 
2002/0167462 to LeWis et al. 

HMDs Which project directly onto the retina pose unique 
safety risks and alignment problems. For an example of 
a HMD of this type, see US. Pat. No. 5,467,104 to 
Furness, III et al. 

The demand for a display that covers a large ?eld of vieW 
but With su?icient resolution has led some to superim 
pose tWo or more images in a single HMD, adding a high 
resolution inset image to an image With a loW resolution 
but a Wide ?eld of vieW. Such system designers often 
encounter an exponential increase in system complexity, 
as they must use tWice the equipment and processing 
poWer to produce tWo images per eye, and then keep 
these images spatially and temporally synchroniZed at 
all times. Further, When the user turns his gaZe outside of 
the inset area, the fovea of his eye is presented With 
loW-density information, While his periphery receives 
high-density information, Which is the opposite of ideal. 

The ?eld of Head Mounted Displays Would bene?t greatly 
from a display Which could continuously present very 
detailed imagery in the center of a user’s eye, Wherever the 
user looks, Without requiring heavy equipment or demanding 
image processing for basic image projection. A novel inven 
tion providing these features Will noW be described. 

SUMMARY OF THE INVENTION 

The present inventive subject matter is directed to a head 
mounted display device having a mount Which secures the 
device near a user’ s head, and a beam-splitter attached to the 
mount With movement devices, Wherein the movement 
devices displace the beam-splitter about a center of rotation of 
an eye of the user. The beam-splitter re?ects at least one 
output image toWard the user’s eye, and transmits light inci 
dent on the beam-splitter to the user’ s eye. An image projector 
projects the output image onto said beam-splitter, an eye 
tracker measures the vieWing direction of an eye of the user 
and produces corresponding coordinate information, and at 
least one processor, in communication With the eye-tracker 
and the movement devices, commands the movement devices 
to reposition the beam-splitter based on the coordinate infor 
mation. 
The present inventive subject matter is also directed to a 

method of displaying an image, the method comprising: pro 
ducing an image at an image projector, projecting the image 
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onto a beam-splitter, the beam-splitter re?ecting the image 
toward a user’s eye, the beam-splitter transmitting light inci 
dent upon it to a user’s eye, tracking changes in the direction 
of a user’s eye’s gaZe, producing coordinate information 
based on changes in the direction of a user’s eye’s gaZe, 
applying the coordinate information to determine a position 
for said beam-splitter Which Would place it Within a user’s 
eye’s gaZe, and moving the beam-splitter so as to place it at 
the center of the user’s eye’s gaZe. 

The present inventive subject matter is also directed to a 
system for displaying an image, the system comprising: 
means for producing an image at an image projector, means 
for projecting the image onto a beam-splitter, the beam-split 
ter having means for re?ecting the image toWard a user’s eye, 
the beam- splitter having means for transmitting light incident 
upon it to a user’s eye; means for tracking changes in the 
direction of a user’s eye’s gaZe, means for producing coordi 
nate information based on changes in the direction of a user’ s 
eye’ s gaZe, means for applying the coordinate information to 
determine a position for the beam-splitter Which Would place 
it Within a user’s eye’s gaZe, and means for moving the 
beam-splitter so as to place it in the user’s eye’s gaZe. 
One embodiment of the present inventive subject matter is 

a moveable, or “?ying” head mounted display that uses eye 
tracking technology. (Alternately, the device may be though 
of as an “eye-mounted display,” as the display direction is 
slaved to the direction of the eye’s gaZe.) The device includes 
a mount for attachment to a user’s head, a beam-splitter 
attached to the mount With movement devices, an image 
projector, an eye-tracker, and at least one processor. The 
beam-splitter re?ects images projected by the projector 
toWard the user’s eye. The eye-tracker alWays keeps the 
beam-splitter in the same position, and facing the same direc 
tion, relative to the eye’ s center of rotation and center of gaZe. 
As the eye turns beyond a tolerance threshold, the eye tracker 
informs the processor, Which commands movement devices 
to reposition the beam-splitter so that the direct line-of-sight 
of the eye is again through the beam-splitter. 

In another embodiment, there is provided a head mounted 
display, With motors attached to a mount, and With beam 
splitters attached to motors by rigid elements. The rigid ele 
ments remain essentially outside of the user’s vieW, While 
alloWing a beam-splitter to move in a spherical plane centered 
on one of the user’ s eyes. A beam-splitter is positioned in the 
user’ s line-of-sight, and an image projector With display pro 
ducer projects images onto the beam-splitter. In this Way, the 
user may simultaneously vieW projected images and objects 
behind the beam-splitters. Optionally, a second combination 
of motors, mounts, projector and beam-splitter may be dis 
posed at the user’s head, and the motion of the second beam 
splitter centered on the other of the user’ s eyes. With tWo such 
combinations, the user simultaneously vieWs three-dimen 
sional projected images and real-World objects. An eye 
tracker monitors the user’s gaZe With a camera attached to the 
rigid element and placed betWeen the beam-splitter and the 
display. The camera has direct vision of the eye. The proces 
sor receives measurements from the eye-tracker. When the 
user moves his eyes, the processor uses these measurements 
in instructing the motors to move the beam-splitter back into 
the user’s line-of-sight and the camera again looking directly 
into the user’ s eye. TWo such eye-trackers may be used When 
tWo beam-splitters are used (again, one before each eye.) The 
rigid elements absorb undesirable resonance and vibrations 
that may occur While moving the beam- splitter. The motion of 
the beam-splitter is fast, and optionally not salient to the user. 
Additional optics and digital image control can be used to 
adjust the intensity, focus, and pixel distribution of the image 
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4 
to better match characteristics of the user’ s eye and the user’ s 
eye resolving poWer. Beam-splitters of varying transmission 
indices can be used to match the intensity of the image to the 
intensity of ambient light. Additional adjustments can be 
made to the image to compensate for any angular displace 
ment from the user’s eye. 

In yet another embodiment, there is provided a head 
mounted display With beam-splitters attached to motors by a 
rigid element, Wherein the motors move along the mount on 
tracks. The tracks can guide the beam-splitters in any combi 
nation of roll, pitch, and yaW about the center of each eye. The 
rigid element remains essentially outside of the user’s vieW, 
While alloWing the beam-splitters to move in a sphere Where 
the center of all device rotations is about the center or rotation 
of the observer’ s eye. Additional motors attached betWeen the 
beam-splitter and the mount can adjust the angle of the beam 
splitter to maintain direct projection toWard the user’s eye. 
Again, a second combination of motors, mounts, projector 
and beam-splitter may be disposed at the user’ s head, and the 
motion of its beam-splitter centered on the other of the user’ s 
eyes. 

In yet another embodiment, there is provided a head 
mounted display Which uses both an eye-tracker and a head 
tracker. The eye-tracker is in communication With a processor 
that commands the motors. The eye-tracker and head-tracker 
are both in communication With an image processor, Which 
may be a second processor, or the same processor that com 

mands the motors. The image processor uses the information 
from the eye-tracker and the head-tracker to select images for 
projection by the display. Again, a second combination of 
motors, mounts, projector and beam-splitter is disposed at the 
user’ s head, and the motion of its beam-splitter is centered on 
the other of the user’ s eyes. In this Way, the display can 
present three-dimensional images Which correspond to the 
real-World objects in the user’s line-of-sight. The display can 
also present images Which change as the user’ s vieW changes, 
creating a virtual environment for the user in Which virtual 
objects can seem to exist in a ?xed point in space. In this Way, 
the user can look at or aWay from these objects by moving his 
eyes and/ or head toWard or aWay from them, respectively. The 
display can present images as if they are attached to the 
beam-splitter (and thus in a constant region of the user’s eye’ s 
?eld of vieW), as if they are attached to a vehicle or other space 
occupied by the user, or as if they are attached to objects in the 
outside World (Which may be moving independently of such 
a vehicle). 

In all of these embodiments, a single beam-splitter can be 
used to present information to only one eye, or tWo beam 
splitters may be controlled separately to provide a stereoptic 
display. When tWo displays are used, one for each eye, an 
illusion of depth is maintained just as in a natural environ 
ment, Where each eye gathers independent images Which 
form a stereo image in the brain. Although the method beloW 
generally describes the device as applied to one eye, it is to be 
understood that tWo devices can be simultaneously disposed, 
each With an independent range of motion, one for each eye, 
Which can together produce such a stereoptic display. 

In yet another embodiment, measurements from the eye 
tracker alloW the user to control objects in the virtual envi 
ronment With his gaZe. 

These and other aspects, objects, features and advantages 
of the present invention Will be more clearly understood and 
appreciated from a revieW of the folloWing detailed descrip 




















