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(57) ABSTRACT 

Apparatus is disclosed for viewing computer generated 
images and for tracking the positions of the user’s head and 
hand. One alternative of the apparatus includes a frame 
element, versatilely mountable, With sensors for the head 
tracking of a user Whose bodily movement is constrained to 
a small area. Short range and inexpensive sensors are 
deployed for tracking the position of the user’s head; these 
sensors are deployed partly on a on the user’s head and 
partly on the tracking frame. All the electronics for tracking 
and user input are enclosed in a mobile pack. In another 
alternative of the tracking invention natural forces such as 
gravity, the Earth’s magnetic ?eld, and inertia are used, so 
additional references. The display alloWs for interchange 
able optical elements so that it may be tailored to suit the 
needs of a particular user or application. One optical element 
disclosed is a bicolor polariZer, Which alloWs an lcd to 
inexpensively provide a bicolor display Without loss of 
resolution. 
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Another embodiment: 
headtracking sensing elements arrayed 
on adjustable arms, on stand 

FIG. 7B 
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LOW COST VIRTUAL REALITY 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to the ?eld 
of devices for data entry, viewing, and manipulation in 
computers. More particularly, this invention relates to a loW 
cost human interface system for interactive computer simu 
lations, most particularly a loW cost human interface for a 
virtual reality system. 

[0002] Three of the key aspects of a virtual reality inter 
face are tracking the user’s head and other body parts, 
sensing user input actions and display of sensory informa 
tion to the user in such a Way that the sensory information 
displayed replaces the corresponding senses arising from the 
physical World. Such systems are typically quite expensive. 

[0003] Position and orientation of the user’s head and 
other body parts are continually tracked in order to keep the 
simulation updated to correspond correctly to the user’s 
changing point of vieW. Tracking technologies have been 
relatively high cost components of a virtual reality system, 
and typically involve electromagnetic transmitter/receiver 
systems such as manufactured by Polhemus Inc., of 
Colchester, Vt. 

[0004] The display of sensory information from the virtual 
reality simulation must be proximal to the user’s head at all 
times, so that the relative position of the display to the user’s 
eyes and ears remains constant as the user moves. Such a 

system is generally termed a Head Mounted Display 
(HMD), though it is not limited to devices mounted directly 
on the head. It contains visual and auditory displays for each 
sense organ and has typically also been an expensive com 
ponent. 

[0005] Of particular interest here is the visual display 
portion of the HMD. Weight concerns generally dictate a 
liquid crystal display (lcd). The general structure of a lcd 
display includes a source of unpolariZed light, a ?rst polar 
iZer, a polariZation rotating array (Which creates the indi 
vidual pixels), and a second polariZer Which serves as an 
analyZer. Light travels in the above named sequence. The 
?rst polariZer gives the light a uniform polariZation, either in 
the angle transmitted by the analyZer or perpendicular to it. 
The polariZation rotating array operates on the polariZed 
light in a pixel-Wise manner, either passing it unchanged or 
rotating the polariZation by 90°. This light then continues on 
to the analyZer, Which in one polariZation angle transmits all 
Wavelengths, and perpendicular to that blocks all Wave 
lengths, to leave light and dark pixels for display. Since in 
an HMD the pixels are so close to the vieWer’s eye, many 
people focus on the pixels at an individual level and don’t 
perceive the overall shapes Within the image as Well. For this 
reason a diffusion screen may be superimposed over the lcd, 
Which slightly blurs the image and ?ne detail, but facilitates 
the perception of patterns and shapes. Understandably, not 
all vieWers like this trade off. 

[0006] Color lcds can be made by including a mask Within 
the display, dyed With red, blue and green pixel siZed dots. 
This-mask is lined up With the pixels of the polariZation 
rotating array, and each grouping of three monochromatic 
pixels masked to form a red, blue and green pixel then forms 
a color pixel. This conversion to a color lcd obviously results 
in a 3:1 reduction in resolution. 
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[0007] Color versus resolution is just one of the many 
trade-offs that must be resolved in choosing a display. 
Another important consideration is Whether and hoW much 
the ?elds of vieW of the right and left eyes overlap. The most 
natural classi?cation is into tWo groups—separate images 
for each eye and totally shared images. Using separate 
images for each eye instead of a totally shared image has the 
advantage of alloWing stereoscopic vision and improved 
depth perception. Unfortunately, having tWo separate 
images requires more computing poWer, and for an lcd of 
given pixel siZe and distance from the eye only half as many 
pixels are available for each image, resulting again in loWer 
resolution. 

SUMMARY OF THE INVENTION 

[0008] The present invention provides an apparatus and 
method for vieWing computer generated images With a 
variety of display characteristics easily modi?able and With 
a high resolution bicolor lcd available, and for inexpensively 
tracking the positions of the user’s head and hand. 

[0009] The tracking invention in one alternative includes 
a frame element for the head tracking of a user Whose bodily 
movement is constrained to a small area. In a particular 
embodiment the tracking frame is mountable on a chair, in 
Which the user Would sit. Short range and inexpensive 
tracking elements are deployed for tracking the position of 
the user’s head; these tracking elements are deployed partly 
on the user’s head and partly on the tracking frame. The 
electronics for tracking and user input are enclosed in a 
mobile pack, placed near the user or affixed to the chair. In 
another particular embodiment, some of the hand tracking 
elements are located near the head, and hand tracking is 
referenced from the head. This limits the range of hand 
tracking to an arm’s length radius, Which further simpli?es 
the electronics and processing involved. In yet another 
alternative of the tracking invention sensors are employed 
Which use natural forces such as gravity, the Earth’s mag 
netic ?eld, and inertia as their reference, so additional 
references are unnecessary. In a particular embodiment of 
the invention directed to the display, the head mounted 
display alloWs for interchangeable optical elements so that 
the display characteristics may be tailored to suit the needs 
of a particular user or application. One optical element 
disclosed is a bicolor polariZer Which alloWs an lcd to 
inexpensively provide a bicolor display Without loss of 
resolution. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a block diagram of a particular embodi 
ment of a virtual reality system. 

[0011] FIG. 2 is a side perspective vieW of a particular 
embodiment of a tracking hood according to the present 
invention. 

[0012] FIGS. 3a, 3b and 3c illustrate a particular embodi 
ment of a collapsible tracking hood according to the present 
invention. 

[0013] FIG. 4 illustrates a particular embodiment of the 
Head Mounted Display With bar coding for optical tracking 
of the head’s yaW and pitch. 

[0014] FIG. 5 is a spring loaded frame With interchange 
able optical elements for use in an HMD. 
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[0015] FIG. 6 illustrates the effect of a bicolor polariZer on 
light. 
[0016] FIGS. 7a and 7b are particular embodiments of the 
tracking frame. 

[0017] FIG. 8 is an alternative embodiment of the tracking 
frame. 

DETAILED DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

[0018] FIG. 1 is a block diagram of a virtual reality 
system, and FIGS. 2 through 5 of the draWings depict 
various particular embodiments of the present invention for 
purposes of illustration only. One skilled in the art Will 
recogniZe from the folloWing discussion that alternative 
embodiments of the structures and methods illustrated 
herein may be employed Without departing from the inven 
tion. 

[0019] Reference to FIG. 1 is helpful for an understanding 
of the present invention. World Model 10, information 
Which is stored in a storage device such as magnetic disk or 
an interchangeable ROM cartridge, is linked to the Interac 
tion Decision and Control Module (IDCM) 20, Which 
includes a host computer and appropriate softWare. IDCM 
20 in turn is linked to the Video Rendering Subsystem 30 
and Audio Rendering Subsystem 40, Which typically com 
prise special coprocessors. These tWo rendering subsystems 
30 and 40 are also linked to the Video and Audio Display 
Subsystem (VADS) 100, Which generally includes a Head 
Mounted Display (HMD) and appropriate drivers. The 
visual display portion of the HMD is usually an lcd; but in 
some particular embodiments is a liquid crystal shuttered 
(LCS) crt (LCSs are available from Tektronix, Inc. of 
Beaverton, Oreg.), and in alternative particular embodi 
ments is a Private Eye (available from Re?ection Technol 
ogy, Waltham Mass.). Tracking Subsystem (TS) 200 and 
User Input Subsystem (UIS) 300 are closely related and both 
provide information to IDCM 20: TS 200 is responsible for 
tracking the position and/or orientation of the user’s head 
and other body parts, Whereas UIS 300 is responsible for 
more conscious forms of input from the user, such as 
through DataGloves, DataVests, DataSuits, or a variety of 
other devices including eye tracking devices, voice recog 
nition devices, video tracking devices, keyboards and other 
conventional data entry devices, pneumatic devices (oral sip 
and puff), facial expression sensors (optical, ?beroptic, 
electromyometric), sensors for biological data such as tem 
perature, heart rate or blood pressure, joysticks, pressure 
sensitive ?oormats, etc. One example of a virtual reality 
system can be found in US. patent application Ser. No. 
535,253 ?led Jun. 7, 1990 entitled Virtual Reality NetWork 
incorporated herein by reference. 

[0020] In a particular embodiment of the present invention 
as directed to tracking, VADS 100, TS 200 and UIS 300 are 
closely linked physically, so a dotted line has been draWn 
around them in FIG. 1. FIG. 2 illustrates a key feature of TS 
200 in this embodiment, Which is a tracking frame formed 
as hood 210. Tracking hood 210 is shaped to partially 
surround the user’s head, and it may be used to limit the 
freedom of movement of the user’s head so that shorter 
range tracking sensors may be used. Position tracking ele 
ments are disposed on the hood and on the user’s head. The 
particular embodiment shoWn in FIG. 2 employs transmitter 
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220 and receivers 230 and tracking is performed as 
described in US. patent application Ser. No. 317,107, 
entitled Computer Data Entry and Manipulation Apparatus, 
incorporated herein by reference and commonly oWned. The 
close proximity of the position tracking elements on the 
frame to the position tracking elements on the head alloW the 
use of any variety of optical, infrared, or ultrasonic short 
range inexpensive sensors knoWn to those skilled in the art. 
In embodiments Where HMD 110 is strapped to the user’s 
head, the tracking elements disposed on the head are pref 
erably incorporated into the HMD. In an alternative embodi 
ment the head tracking is done through spring loaded strings 
on pulleys disposed on the frame and attachable to a 
mounting on the user’s head. Potentiometers or shaft encod 
ers Within the pulleys then accurately and inexpensively 
track the head’s movements. In a particular embodiment of 
the present invention directed to the hand tracking system, 
such is achieved through similar spring loaded string pulleys 
incorporated into the head tracking frame, Which further 
simpli?es the tracking and input process. 

[0021] FIG. 4 illustrates another embodiment of the head 
tracking system, Where a counterbalanced HMD 110 
includes bar coded strips 225 and 226 Which are read by 
optical sensors on the tracking hood for measuring the 
head’s pitch (rotation about the left-right horiZontal axis) 
and yaW (rotation about a vertical axis). Limiting tracking to 
the head’s pitch and yaW alloWs the use of very inexpensive 
sensors and greatly simpli?ed softWare. In an embodiment 
With even cheaper graphics the user’s virtual vieWpoint is 
kept eye-level With the horiZon and objects are arranged to 
straddle the horiZon. Only the head’s yaW is tracked, so 
relatively feW vieWs of the object may be perceived. Only 
image scaling and block image transferring (blitting) are 
necessary, resulting in graphics that can be handled by an 
inexpensive processor. 

[0022] Further alternative embodiments are shoWn in 
FIGS. 7a, 7b and 8. FIG. 7a shoWs frame 240 With support 
members 216, sensors 230, backing 212, and clamps 216. 
FIG. 7b shoWs frame 250, similar in design but With stand 
217 for resting on a desk or similar structure. FIG. 8 shoWs 
portable frame 260, Which dismantles into holloW rods 263, 
connectors 261, 262, and elastic retaining cords 264. Sen 
sors 230 respond to head tracking transmitter 265 and hand 
tracking transmitter 266. 

[0023] Other alternative embodiments of the head tracking 
system do not require a tracking frame, but instead use 
natural forces present in the World as references. The sensors 
for these embodiments are disposed on the person’s head. 
One such alternative embodiment employs tilt sensors 
(available from Technical Designs, Inc. of Seattle, Wash.), 
Which use gravity as a reference and provides the head’s yaW 
and pitch. Another alternative embodiment employs elec 
tronic compasses and provides the head’s yaW. Yet another 
alternative embodiment employs accelerometers and With 
appropriate softWare provides the head’s x, y and Z coordi 
nates relative to the starting position, as Well as yaW, pitch 
and roll. A particular embodiment of the invention directed 
to yaW-only tracking (for blit graphics), as mentioned above, 
employs an electronic compass for head yaW tracking. 
Another particular embodiment of the present invention as 
directed to hand tracking systems employs accelerometers 
on a glove for hand tracking. 
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[0024] FIGS. 3a, 3b and 3c illustrate a particular embodi 
ment of the head tracking system: collapsible tracking hood 
210, With clasps 211 suitable for mounting onto a chair, and 
support frame 212. Arcuit members 213 are covered by 
sheath 214 and pivot at a common point so they may 
collapse together. Sheath 214 is opaque to reduce ambient 
light Which might interfere With optical head tracking sys 
tems. For different mounting purposes, different clasps can 
be used instead of those shoWn. 

[0025] An embodiment of the invention directed to the 
display involves the HMD and is illustrated as display 
element 119 in FIG. 5. FIG. 5 shoWs frame 120, Which is 
part of the HMD and is positioned betWeen the lcd and the 
user’s line of sight. Expandable frame 120 holds various 
optical elements Which may be interchanged; it includes 
front retaining beZel 121 toWards the user’s eyes and rear 
retaining beZel 122 toWards the lcd elements, connected by 
spring loaded connectors 123 so that it may expand to 
accommodate the selected optic elements. Element 130 
replaces the analyZer of the lcd and is an interchangeable 
polariZer; it may be a normal monochrome analyZer, a color 
masked analyZer, or a bicolor analyZer as described beloW, 
Whichever better suits the user or virtual environment. 
Interchangeable ?lter 140 may be a diffusion screen or other 
optical element desired by the user. Interchangeable lens 150 
alloWs modi?cation from application to application of 
Whether both eyes have separate images or share the same 
one. The selection of lens 150 also determines the angle 
Which the image subtends on the user’s eye, alloWing 
adjustment of the angular resolution versus the angular ?eld 
of vieW. In a particular embodiment of this invention the 
interchangeable optical elements are coded so that IDCM 20 
and VADS 100 may automatically account for the selected 
display characteristics. 

[0026] In a particular embodiment of the present invention 
directed to a multicolored display, an lcd is used Wherein the 
second polariZer is a bicolor polariZer. Alternatively, the ?rst 
polariZer may be a bicolor polariZer and the second polariZer 
a normal polariZer. A bicolor polariZer is made of tWo 
colored polariZing sWatches, each of Which transmits all 
Wavelengths in one polariZation angle but only one Wave 
length, or a limited range of Wavelengths, perpendicular to 
that (such polariZers are available in a variety of colors from 
sanritsu Electric co., Habashi-Ku, Tokyo, Japan). These tWo 
sWatches are placed With their selective transmission axes 
perpendicular to each other, so that at one polariZation angle 
light of one frequency is transmitted and at a second 
polariZation angle perpendicular to the ?rst, light of a second 
frequency is transmitted. FIG. 6 illustrates this operation: 
incoming White light has components in the ot direction 
(angle), and in the [3 direction (angle). Colored polariZer 101 
passes all light in the a direction, but blocks everything but 
green light in the [3 direction. This light continues to colored 
polariZer 102 Which passes everything in the [3 direction and 
blocks everything but red in the ot direction. The resulting 
light has only red light in the ot direction (angle), and only 
green light in the [3 direction (angle). Used as one of the 
polariZers of an lcd, this results in a red against green 
display. 

[0027] In an embodiment of the present invention directed 
to tracking, the close interaction betWeen the VADS 100, TS 
200 and UIS 300 is aided by placing all electronics for these 
subsystems in a mobile unit Which may be placed near the 
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tracking hood and connected to it by cable. This close 
placement increases speed of operation and reduces noise. 
UnitiZed enclosure alloWs cost reduction through shared 
electronics. In a particular embodiment this mobile unit is 
housed Within a backpack upon Which the tracking hood is 
mountable. 

[0028] The foregoing is the description of particular 
embodiments of the invention. It should be understood that 
speci?c details, such as component types, have been pro 
vided to explain the construction of the invention. The scope 
of the invention may be determined from the appended 
claims. 

We claim: 
1. A device for measuring the position and orientation of 

a person’s head, comprising 

a) a frame element disposable in close proximity to the 
person’s head; and 

b) tracking means disposed on the frame and on the 
person’s head, for tracking the position of the head 
relative to the frame. 

2. The device of claim 1 Wherein the frame element is 
shaped as a hood. 

3. The device of claim 2 Wherein the frame comprises a 
plurality of arcuit members covered by a sheath. 

4. The device of claim 3 Wherein the arcuate members 
pivot at a common point so that the frame may collapse. 

5. The device of claim 2 Wherein the frame is mountable 
on a chair. 

6. The device of claim 1 Wherein the frame is mountable 
on a backpack. 

7. The device of claim 1 Wherein the head tracking means 
comprises 

a) a transmitter on the person’s head; and 

b) at least three sensors on the frame. 
8. The device of claim 6, further comprising 

a) electronic drivers for the head tracking means; 

b) electronic drivers for a hand tracking means for track 
ing the position or orientation of the user’s hand; and 

c) electronic drivers for a display system, Wherein the 
head tracking drivers, the hand tracking drivers and the 
display drivers are all housed Within a single unit Which 
?ts inside a backpack. 

9. The device of claim 1 Wherein the tracking means 
comprises 

a) at least one ultrasonic transducer disposed on the 
person’s head; and 

b) at least three ultrasonic receivers disposed on the 
frame. 

10. The device of claim 3 Wherein 

a) the tracking means comprises an optical encoder; and 

b) the sheath is opaque to light. 
11. A device for measuring the orientation of a person’s 

head for a virtual reality system, comprising at least one 
accelerometer disposed on the person’s head Wherein said 
accelerometers are the only sensors used for tracking the 
position and orientation of the person’s head. 

12. The device of claim 1, further comprising means for 
tracking the position and orientation of the person’s hand, 
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wherein the hand tracking means are disposed in close 
proximity to the person’s head and on the person’s hand. 

13. A bicolor liquid crystal display, comprising 

a) a ?rst polariZer optically coupleable to a light source; 

c) a polariZation rotating array; 

d) a bicolor analyZer, Which passes only a ?rst narroW 
range of Wavelengths at a ?rst polariZation angle, and 
passes only a second narroW range of Wavelengths at a 
second polariZation perpendicular to the ?rst polariZa 
tion angle. 

14. Adevice for providing interchangeable optic elements 
for use in a display unit of a virtual reality system compris 
ing 

a) an expandable frame including 

1) a front retaining beZel; 

2) a rear retaining beZel: and 

3) means for urging the front retaining beZel and the 
rear retaining beZel together; and 

b) at least one optic element Which ?ts inside the expand 
able frame. 
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15. A display apparatus suitable for use in a virtual reality 
system, comprising 

a) a light source; 

b) a ?rst polariZer optically coupled to the light source; 

c) a polariZation rotating array optically coupled to the 
?rst polariZer; 

d) an expandable frame for holding interchangeable optic 
elements, positioned so that selected optic elements are 
operably coupled to the polariZation rotating array, 
including 
1) a front retaining beZel; 

2) a rear retaining beZel; and 

3) means for urging the front retaining beZel and the 
rear retaining beZel together; and 

e) at least one lcd analyZer suitable for being inserted into 
and removed from the expandable frame; and 

f) at least one lens suitable for being inserted into and 
removed from the expandable frame. 

* * * * * 


