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HYBRID VEHICLE OPERATIONS SIMULATOR 

FIELD OF THE INVENTION 

[0001] This invention relates to vehicle simulation, and 
more particularly to methods and apparatus for simulating 
the human operation of a moving vehicle under selected 
operating conditions. 

BACKGROUND OF THE INVENTION 

[0002] Since the advent of computer technology ?rst made 
them possible, vehicle simulators have been used for a 
number of purposes, including research, training, and 
vehicle engineering. Simulators have become increasingly 
prevalent and useful for reproducing the experience of 
operating aircraft, motor vehicles, trains, spacecraft, and 
other vehicles. Aviation simulators have become particularly 
prevalent, With nearly every airline noW using simulators for 
training and research—the ?rst time a commercial pilot ?ies 
a neW aircraft, it is often ?lled With passengers. The military 
services use simulators extensively for training personnel in 
the operation of ships, tanks, aircraft, and other vehicles. 

[0003] Despite their varied usage, simulators, especially 
those providing the operator(s) With motion cues, have 
primarily remained the tools of large organiZations With 
signi?cant ?nancial resources. The use of motor vehicle 
(i.e., driving) simulators has not yet progressed beyond 
manufacturers, suppliers, government agencies (including 
the military), and academic institutions, largely because of 
their cost. HoWever, driving simulators have a number of 
valuable safety applications. First, they offer research into 
driver response behavior. HighWays are becoming populated 
by more vehicles, moving at greater speeds, With a greater 
portion of drivers comprised of older adults With reduced 
sensory and response capabilities. Cellular telephones, navi 
gation systems, and other devices (often developed by third 
parties and added to vehicles Without suitable integration 
With manufacturer-supplied devices) place increased 
demands on the driver’s attention, and drugs continually 
arrive on the market that affect driver alertness. These 
factors mandate a better understanding of driver limitations, 
particularly those of older drivers. Researching driver 
behavior in emergencies by examination of real accidents 
has limited yield, because every accident is unique to some 
extent, determining causation is dif?cult, and controlled 
experimental research is inherently not possible for real 
accidents. Driving simulators could provide data on the 
driver’s response to emergency situations Without exposure 
to actual risk. 

[0004] Second, simulators can provide an improved means 
for training and evaluating drivers. Most driver training is 
conducted either in classrooms or in automobiles in normal 
traf?c, Which rarely exposes trainees to unexpected haZards. 
Devices that Would alloW trainees to experience potential 
collision situations, visibility haZards, or other unusual driv 
ing situations, Without actual exposure to risk Would provide 
useful training. 

[0005] Third, simulators provide manufacturers and sup 
pliers useful data from Which to further develop their 
products. Vehicle manufacturers, suppliers and car/truck 
?eet oWners usually perform developmental tests in actual 
vehicles, but this is limited to experiences not involving 
collision or other haZards. The use of simulators to perform 
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these functions is costly, particularly for programming and 
measuring motion and con?guring the simulator to represent 
the appropriate vehicle, limiting the usefulness of these 
simulators for most research applications. 

[0006] Simulators are primarily tasked With recreating the 
sensory cues their “real-World experience” counterparts 
offer. Most state of the art simulators do a credible job 
recreating visual and audible stimuli, but only the most 
expensive provide credible cues for the vestibular senses 
(controlled by semicircular canals in the inner ear, Which 
sense rotary acceleration, and otolith organs, Which sense 
translational acceleration) and the muscle and joint sensors 
of motion. Motor vehicle simulators, in particular, struggle 
to provide a faithful motion representation Without exorbi 
tant cost. Because of the cost of providing such functionality, 
relatively feW driving simulators even attempt to provide 
motion cues, despite the fact that tests reveal subjects tend 
to over-steer or experience vertigo because of a mismatch 
betWeen visual and motion cues. Those that provide motion 
cues usually do so With an expensive hydraulic simulator 
base, but very feW motion-base driving simulators are in use, 
and even these lack the ability to accurately convey trans 
lational acceleration. Some state of the art simulators prom 
ise to rectify this problem, but this capability typically 
entails a signi?cant cost. Clearly, simulators that represent 
motion cues faithfully are not cost-effective research or 
training tools for most applications. 

[0007] The same ?nancial barriers that prevent more Wide 
spread use of driving simulators have also prevented the 
development of simulators for the operation of Wheelchairs, 
skis, snoWboards, and many other vehicles Which move, 
sometimes at high speeds, When in actual operation. Clearly 
the availability of more cost-effective simulators could 
enable better research, training, and engineering, resulting in 
safer and more user-friendly vehicles, both those indicated 
above and others, and in better, safer operation thereof. 

SUMMARY OF THE INVENTION 

[0008] The present invention overcomes the cost and 
motion ?delity issues of other vehicle operation simulators 
With a novel combination of existing devices. In order to 
generate realistic motion cues, the operator is carried by and 
operates an actual vehicle. Vehicle examples include but are 
not limited to an automobile, motorcycle, aircraft, Wheel 
chair, bicycle, skis, and a ship. According to one aspect of 
the invention, the vehicle is operated in a “natural environ 
ment” using its normal vehicle control, and in accordance 
With visual and audible cues provided by a virtual reality 
device. The natural environment may be an open space (e. g., 
a large ?eld or a parking lot), a track, an unused or seldom 
used roadWay, snoW-covered mountain slope, air space, or 
other environment appropriate for the mobile vehicle being 
used. The virtual reality device takes advantage of recent 
advances in computer processing and image generation 
speeds to create a realistic vehicle operation environment, 
including haZards Which are not present in the actual/natural 
environment. Thus the invention provides realistic motion 
cues at reasonable cost, thereby creating training, research, 
and product development opportunities not previously pos 
sible. 

[0009] In its most preferred embodiment, the present 
invention is operated in a large, open area free of obstacles 
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and hazards. Since its intent is to provide a realistic vehicle 
operation experience, these areas provide the greatest oppor 
tunity to simulate all types of uninterrupted operation expe 
riences. For example, if the invention Were to simulate the 
operation of an automobile, it Would be difficult to simulate 
driving on a highway for any useful period if the invention 
Were used in an urban area, or even in a small ?eld. 

HoWever, for certain uses, it is envisioned that the invention 
may be operated on certain less-traf?cked roads or streets. 

[0010] The present invention provides both apparatus for 
a vehicle operation simulator and a method for simulating 
vehicle operation. The apparatus includes a mobile vehicle 
having vehicle controls, a scene generator, and a scene 
display that receives input from the scene generator and 
presents at least a partial virtual environment vieW to the 
operator of the vehicle. Amethod for use includes the scene 
generator creating at least one element Within an environ 
ment vieW, transmitting an electronic signal comprising the 
at least one element Within the environment vieW to the 
scene display, the scene display presenting the environment 
vieW to the vehicle operator, and, based on resulting operator 
actuation of vehicle control or vehicle movement, regener 
ating the environment vieW to provide continually updated 
cues to the operator, including visual and/or audible cues. 

[0011] The scene display may present the operator an 
environment vieW consisting of arti?cial elements (pro 
duced by the scene generator) or a combination of arti?cial 
and natural elements. The components of the scene display 
may, for example, include a head-mounted unit, a projector, 
and/or a projection screen Which is either partially transpar 
ent (e.g., half-silvered) or opaque (e.g., a ?at screen). 
Depending on the equipment used, the environment vieW 
may consist of a vieWable image presented Within the 
head-mounted unit Worn by the operator, an image projected 
onto ?at or curved screens shaped like the Windshield and/or 
side and rear WindoWs, or images projected onto a semi 
transparent screen so as to superimpose arti?cial elements 
on the operator’s vieW of the surrounding natural environ 
ment. 

[0012] The scene generator transmits an electronic signal 
to the scene display comprising at least one element Within 
the environment vieW, Which includes the location of natural 
and arti?cial images Within the display. The scene generator 
continually regenerates the environment vieW for display to 
the vehicle operator via the scene display. The scene gen 
erator may alter arti?cial images Within the environment 
vieW in response to vehicle movement, operator actuation of 
vehicle controls, and predetermined arti?cial image move 
ment. Components of the scene generator may include a 
general-purpose programmed computer, and a means for 
transmitting a signal to the scene display. 

[0013] The environment vieW may be presented to the 
vehicle operator to suggest behavior—for example, a veloc 
ity—different from the actual behavior exhibited by the 
vehicle. In these embodiments, a mechanism may be 
employed to alloW the vehicle to respond to control actua 
tion as though the vehicle Were behaving as shoWn in the 
environment vieW. For example, the environment vieW 
might be presented to the operator of an automobile as 
though it Were traveling at 70 miles per hour, When the 
vehicle actually is travelling at only 35 miles per hour. This 
mechanism might alter the operator’s actuation of the steer 
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ing Wheel, for example, to cause a much sharper turn than 
under normal operation at 35 miles per hour, or at least to 
provide a simulated vieW of such a sharper turn. 

[0014] The scene generator may take one or more forms of 
vehicle and operator movement and/or position data mul 
tiple as input. These may include acceleration data from an 
accelerometer or gyroscopic inertial measurement unit, 
velocity data from a unit Which measures either translational 
or rotational velocity in up to six degrees of freedom, or 
position data from a positional measurement unit. 

[0015] A mechanism may be used to maintain equivalent 
light brightness betWeen a natural environment seen outside 
the vehicle and an image projected on such natural envi 
ronment. For example, embodiments in Which images are 
projected on to a semi-transparent screen so as to superim 
pose arti?cial elements on a natural environment Will need 
to calibrate the brightness of such images to the brightness 
of the natural environment in order to present a realistic 
operating environment. This mechanism may include a 
component mounted on the exterior of the vehicle to take 
light brightness measurements of the natural environment. 
This mechanism provides these measurements to the scene 
generator, continually incorporating any shifting brightness 
of the environment into the generation of arti?cial images so 
that they remain realistic under changing conditions. 

[0016] The vehicle may employ secondary vehicle con 
trols to enhance operator safety, such that the vehicle 
responds exclusively to the secondary controls, or to both 
controls When the secondary controls are actuated. This 
secondary vehicle control might be used in instances Where 
only a secondary operator can see the actual movement of 
the vehicle in relation to the natural environment, and might, 
in an automobile for example, include conventional dual 
controls used in driver training vehicles. 

[0017] The vehicle may employ parameter-constraining 
apparatus that act to restrict the movement of the vehicle or 
the actuation of vehicle control. In one example, on a 
Wheelchair this apparatus might restrict movement to pre 
vent it from exceeding certain speeds. In another example, 
on an airplane this apparatus might restrain control actuation 
to prevent a roll so sharp it Would disorient the operator. 

[0018] Further features and advantages of the present 
invention, as Well as the structure and operation of various 
embodiments of the present invention, are described in 
detail beloW With reference to the accompanying draWings. 
In these draWings, the same or equivalent reference numer 
als are used to represent the same element in the various 
?gures. 

IN THE DRAWINGS 

[0019] FIG. 1 is a block diagram of an illustrative embodi 
ment of the invention. 

[0020] FIG. 2 is a vieW from the operator’s perspective of 
an illustrative embodiment. 

[0021] FIG. 3 is a ?oWchart illustrating operation of the 
invention. 

[0022] FIGS. 4A, 4B, 4C, and 4D are semi-block dia 
grams illustrating four different Ways in Which the invention 
may be implemented. 
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DETAILED DESCRIPTION 

[0023] Referring to FIG. 1, the vehicle operation simula 
tor for an illustrative embodiment includes a mobile vehicle 
100, Which may be any vehicle that moves With at least one 
degree of freedom, for Which movement represents an 
ordinary feature of operation, and Which includes at least 
one component for regulation or control of said movement. 
Examples include, but are not limited to, an automobile, 
aircraft, ship, truck, railroad train, motorcycle, Wheelchair, 
bicycle, snoWboard, roller skates, and skis. Mobile vehicle 
100 may be operated in a natural environment; for example, 
in an open space appropriate to the mobile vehicle. This 
open space should be large and preferably free of other 
vehicles, potential haZards, and pedestrians. HoWever, it is 
also contemplated that the invention be practiced on unused 
or seldom-used tracks, streets, air space, snoW slopes, road 
Way, or other environment on Which the particular vehicle 
100 might normally be operated. 

[0024] Ascene generator 130 is provided Which generates 
an electronic signal and transmits it to scene display 140, 
Which presents an environment vieW 170 to human operator 
120. Typically, the scene generator includes a programmed 
general-purpose computer to generate images and sounds 
associated With a virtual environment Which may include 
obstacles and haZards, including, but not limited to, other 
vehicles, animals, people, or ?xed objects. These computer 
generated elements typically exhibit behavior and charac 
teristics of their real-World counterparts. For example, a 
computer-generated image of a person might be animated so 
as to appear to cross the street in front of the mobile vehicle 
100. It should be noted that other equipment might also 
provide the functionality of the scene generator 130 includ 
ing, for example, an array of projectable photographic or 
video images. 

[0025] In some embodiments, the environment vieW is 
completely arti?cial. In one example, the environment vieW 
may include a computer-generated arti?cial background, at 
least one computer-generated arti?cial element, and have no 
elements taken from the natural environment surrounding 
the mobile vehicle. In other embodiments, the environment 
vieW may be comprised of a composite of natural elements 
and arti?cial elements. In one example, computer-generated 
arti?cial elements might be superimposed on a display 
screen that also alloWs the vieW of a natural environment to 
pass through. In another example, the scene generator Would 
superimpose computer-generated arti?cial elements against 
a backdrop of a color video signal of the actual natural 
environment, or of a selectively modi?ed natural environ 
ment. For example, a simulation conducted during the day 
may be modi?ed to simulate night driving. The scene 
generator may also receive input on the state of the natural 
environment from, for example, vehicle-mounted cameras, 
and use this input in generating at least one element Within 
an environment vieW that is related in predetermined Ways 
to the actual environment. 

[0026] The scene display 140 may take many forms. In 
some embodiments, the scene display is a head-mounted 
display that presents the environment vieW in the ?eld of 
vision of the operator, and alloWs for a realistic ?eld of 
vision no matter hoW the operator’s head is oriented or 
Where in his ?eld of vision the operator’s eyes are focused. 
In other embodiments, the scene display includes an elec 
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tronic display and/or a projection unit af?xed to the vehicle. 
Either the head-mounted or ?xed display may include a 
half-silvered mirror, alloWing the items projected on to the 
half-silvered mirror and the natural environment 180 behind 
it to comprise the environment vieW. In other embodiments, 
the scene display includes a projection unit and a ?at screen, 
constructing an environment vieW 170 consisting entirely of 
projected elements. The environment vieW may consist of 
images projected on a single surface or, Where appropriate, 
multiple surfaces. For example, the simulation of the opera 
tion of a helicopter might require the use of multiple display 
surfaces to present the operator simulated vieWs above the 
airplane and on either side, as Well as in front. 

[0027] In some embodiments the operator’s actuation of 
vehicle control 110 is input to a computeriZed mathematical 
model 135, Which may run on the same computer as the 
scene generator. This mathematical model may then provide 
input to scene generator 130, causing the scene generator to 
alter the environment vieW presented on the scene display as 
appropriate to compensate for vehicle orientation and/or 
position, and the operating environment to be simulated. 

[0028] Data on vehicle activity may also be provided to 
the scene generator via the measurement unit 150. This unit 
may measure the velocity of the vehicle (by measuring, for 
example, an automobile’s Wheel rotation and angle), mea 
sure its translational or rotational acceleration (for example, 
With an accelerometer, inertial acceleration measurement 
unit, or gyroscopic sensors), or measure changes in its 
position (using, for example, a global positioning system 
device, or laser triangulation in the operating area). Regard 
less of the measurement device used, hoWever, this velocity, 
acceleration, or position data Will encompass up to six 
degrees of freedom including translation and rotation. In one 
example, the measurement unit might discern a ship’s veloc 
ity by combining measurements of Water ?oW past a pre 
determined point on the ship’s hull With measurements of 
the rudder angle over time. In another example, the mea 
surement unit might discern an automobile’s acceleration or 
deceleration relative to the ground and/or gyroscopic 
changes in its heading over time. (The use of inertial, 
position, and velocity measurement units Will be Well 
knoWn by those skilled in the art.) Data from either of these 
measurement units may supplement or replace input from 
vehicle control 110 to a mathematical model and/or the 
scene generator. The scene generator may then alter the 
environment vieW as appropriate given the mobile vehicle’s 
movement (i.e., changes in angle or position relative to the 
earth) using conventional computer graphic transformations 
of image geometry. 

[0029] Operator 120 actuates vehicle control 110 to con 
trol mobile vehicle 100, triggering cues to the operator’s 
motion sense organs. Some embodiments may employ addi 
tional features to ensure the safety of the operator. For 
example, air bags and lap belts may be used to secure the 
operator in place during operation. Either vehicle control 
110, or the motion of mobile vehicle 100, may be con 
strained by parameter-constraining apparatus 160. The 
parameter-constraining apparatus may comprise a computer 
system designed to assume control of the vehicle under 
certain haZardous conditions, a governor mechanism 
designed to limit vehicle velocity, or a mechanism limiting 
turn radius, angle of descent and/or other motion parameters. 
This apparatus may restrain motion either totally or in a 
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manner dependent on vehicle operating conditions. The 
constraints may limit actuation of vehicle controls, but 
preferably limit the response of the vehicle to the controls. 

[0030] Depending on the embodiment, scene generator 
130 may also take input from light brightness measurement 
unit 190 and video camera 200. A light brightness measure 
ment unit may provide data enabling the scene generator to 
maintain consistent brightness betWeen the natural environ 
ment and any arti?cial elements that are superimposed. 
Therefore, this unit may be mounted or otherWise affixed to 
the vehicle so as to enable measuring the light brightness of 
the environment vieW as seen by the operator, as Will be 
appreciated by those skilled in the art. 

[0031] One or more video cameras may provide one or 
more video signals depicting the natural environment, for 
use When the natural environment is not otherWise visible to 
the operator. Therefore the video camera(s) may also be 
mounted or otherWise positioned on the vehicle’s exterior or 
on the operator’s head so as to capture the visible elements 
of the natural environment from a perspective collinear With 
the operator’s ?eld of vision; methods for appropriate cap 
ture of the natural environment using video camera appara 
tus Will also be Well-knoWn by those skilled in the art. While 
the camera(s) may provide a video image directly to scene 
display 140, it is preferable that camera output be provided, 
as shoWn, to scene generator 130, Where it may be used to 
reproduce either the actual—or a modi?ed version of—the 
natural environment. 

[0032] FIG. 2 depicts the interior of mobile vehicle 100 
Which, for the illustrative embodiment, is automobile 200 
With controls 210 including a steering Wheel, an accelerator, 
a brake, and other suitable controls such as a gear shift, 
clutch, de-fogger, etc. (controls not shoWn). Scene generator 
130 may be a programmed general-purpose computer stored 
Within automobile 200. A half-silvered mirror 220, inte 
grated With or separate from the vehicle’s Windshield, or 
attached to the head-mounted display, receives either pro 
jected images from a projector (not shoWn) situated Within 
automobile 200 (in the case of a screen display), or a signal 
from the scene generator (in the case of the head-mounted 
display). Either the image projector or the head-mounted 
unit, combined With the half-silvered mirror 220, form scene 
display 140. Obstacles 240 are placed in the environment 
vieW such that it appears superimposed on the natural 
environment also vieWable through the half-silvered mirror 
220. 

[0033] Some embodiments may also include a secondary 
vehicle control 230 to promote the safe operation of the 
automobile. Asecondary vehicle operator, Who monitors the 
operator’s actions and corrects or overrides vehicle control 
actuation that Would result in danger or injury, operates 
secondary vehicle control 230. The secondary operator may 
eXperience the same environment vieW as the operator, may 
eXperience only the natural environment, may eXperience 
both environments (for eXample, on a split screen vieW), or 
may eXperience some other vieW appropriate to maXimiZe 
safe operation of the vehicle. 

[0034] FIG. 3 is a How diagram of a method for simulat 
ing vehicle operation utiliZing the apparatus of FIG. 1. In 
step 310 an environment vieW is created, Which may consist 
of arti?cial elements designed to Wholly comprise the envi 
ronment vieW, or arti?cial elements intended to be super 
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imposed on natural elements to comprise the environment 
vieW. The scene generator transmits these elements to the 
scene display. In step 320, the scene display presents the 
environment vieW to the operator. In some embodiments, if 
scene display is accomplished via projection on a vieWing 
surface, the vieWing surface may encompass the ?eld of 
vision regardless of the operator’s head movement—i.e., the 
vieWing surface Will alloW the operator to see a projected 
image in all relevant directions for the particular vehicle. 

[0035] In step 330, the operator actuates vehicle control in 
accordance With the environment vieW. The actuation of 
vehicle control Will include at least one operator act—for 
eXample, applying rotational force to a steering Wheel, 
controlling force on an accelerator, applying force to a brake 
pedal, applying force on one edge of a snoWboard, and/or 
applying force on the control stick of an airplane. 

[0036] As shoWn in step 340, the vehicle responds to 
actuation of the vehicle control. In some instances, param 
eter-restraining apparatus may be employed to restrict 
vehicle movement, to enhance operator safety or for other 
reasons. This apparatus may act to restrain control actuation 
by, for eXample, preventing the operator from applying more 
than a predetermined doWnWard force on the accelerator, or 
from applying more than a predetermined rotational force on 
the steering Wheel. This apparatus may alternatively (or in 
addition) restrict vehicle movement resulting from operation 
of the control by, for eXample, preventing the vehicle from 
exceeding a predetermined speed or eXecuting an overly 
sharp turn. The scene generator may react to the controls as 
operated, or to the constrained control operation or vehicle 
movement. 

[0037] The actuation of vehicle control in step 330 and/or 
vehicle movement in step 340 Will provide input to the 
regeneration of the environment vieW in step 310. If the 
environment vieW responds to control actuation, sensors on 
one or more vehicle controls may provide input to a math 
ematical model of vehicle activity, Which in turn provides 
input to the scene generator. If the environment vieW 
responds to vehicle movement, a measurement unit mounted 
on the vehicle may provide input to the scene generator. In 
either case, the scene generator processes this input to 
update at least some elements Within the environment vieW, 
and the scene display presents the environment vieW to the 
operator. The frequency of this update Will vary based on the 
processing poWer of the computer Within the scene genera 
tor, but may take place thousands of times per second. 

[0038] In some embodiments, the scene generator may 
create elements of an environment vieW that do not coincide 
With the actual behavior of the vehicle. In these embodi 
ments, a mechanism may supplement, detract from, or 
otherWise alter the force applied by the operator to actuate 
vehicle control and/or the vehicle response to such actua 
tion, in order to simulate vehicle control actuation under the 
conditions presented in the environment vieW. For eXample, 
if the environment vieW is presented to simulate an auto 
mobile moving at 70 miles per hour, but the vehicle is 
actually moving at 35 miles per hour, a mechanism may 
translate a rotational force the operator applies to the steer 
ing Wheel to a much sharper actual turn of the front aXle, 
consistent With a velocity of 70 miles per hour. Also, for 
eXample, if the environment vieW is presented to simulate an 
automobile traveling in the snoW, a mechanism may trans 
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late the downward force applied to the brake pedal to a much 
weaker force, or otherwise alter the force, actually applied to 
the brake pads to simulate deceleration in slippery condi 
tions. Those skilled in the art will be able to offer several 
methods through which this may be accomplished. Regard 
less of the method employed, data on the operator’s actua 
tion of vehicle control will be fed to the scene generator for 
continual regeneration of the environment view. 

[0039] FIGS. 4A-4D depict alternative components suit 
able for use in implementing the apparatus depicted in FIG. 
1. Components within FIGS. 4A-4D are numbered accord 
ing to the corresponding component from FIG. 1 and given 
alphabetic suffixes corresponding to the speci?c ?gure. In 
some instances, particular components shown in FIG. 1 
comprise more than one component shown in FIGS. 4A-4D; 
in these instances identi?ers are assigned in FIGS. 4A-4D so 
as to indicate a numeric association between the components 
For example, scene display 140 in FIG. 1 equates to scene 
display half-silvered mirror 143B and scene display projec 
tor 145B in FIG. 4B. 

[0040] Referring to FIG. 4A, operator 120A wears head 
mounted scene display 140A. This head-mounted display 
receives a signal from scene generator 130A. Depending on 
the vehicle whose operation is to be simulated, the display 
may consist of, for eXample, a roughly planar surface and 
three-dimensional elements therein (for simulation of auto 
mobile operation, for instance), or a relatively unobstructed 
view of the open space before the vehicle (for an airplane, 
for instance). The head-mounted display and scene genera 
tor are capable of presenting the vehicle operator with an 
environment view commensurate with head movement 
toward the left, right, up, or down, and commensurate with 
vehicle movement, since the operator remains in a relatively 
?Xed position within the vehicle. At any one time, however, 
it presents the operator with an environment view comprised 
of the operator’s ?eld of vision given his/her head orienta 
tion. Thus, the operator’s environment view varies as a 
function of both vehicle movement or position, and of head 
movement or position. 

[0041] The inertial measurement unit (IMU) 150A ascer 
tains acceleration of both the vehicle and the operator’s 
head, and provides this input to scene generator 130A so as 
to regenerate the environment view for rendering on the 
head-mounted scene display. The scene generator maintains 
a realistic simulation of the operator’s ?eld of vision by 
accepting data on head and vehicle acceleration from the 
IMU, regenerating the environment view based on this data, 
and transmitting it to the head-mounted scene display 140A. 
Those skilled in the art will be able to offer several alter 
natives for how the transmission of velocity data from the 
IMU to the scene generator might be accomplished. Those 
skilled in the art will also be able to offer suitable power 
sources for the scene generator, IMU, head display, and 
video camera, such that the risk of equipment failure and 
resulting operator danger due to power outage is minimiZed. 

[0042] Depending on the vehicle used, and other factors, 
the scene generator may be secured within the vehicle, or 
may be a portable unit that can be worn or otherwise held by 
the operator while the mobile vehicle is in motion. 

[0043] FIG. 4B depicts another illustrative embodiment of 
the invention, wherein operator 120B observes the environ 
ment view through half-silvered mirror 143B, which is 
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suf?ciently transparent to allow the operator to view the 
natural environment 180B through it, and suf?ciently 
opaque to allow the operator to view arti?cial images 
projected by scene display projector 145B. The scene gen 
erator 130B transmits a signal consisting of arti?cial ele 
ments to be displayed and their location in the environment 
view, among other data, to the scene display projector, and 
the scene display projector projects the image on half 
silvered mirror 143B. Thus the composite image/environ 
ment view 170B viewed by an operator is a combination of 
natural elements from the scene ahead and superimposed 
arti?cial elements projected by the scene display projector. 

[0044] Although the half-silvered mirror is depicted in 
FIG. 4B as a ?at, windshield-like screen, other embodi 
ments might employ a cylindrical half-silvered mirror 
mounted to the vehicle structure, a cylindrical half-silvered 
mirror mounted to the operator’s head, or other variations. 

[0045] The measurement unit 150B provides input on the 
vehicle’s velocity to the scene generator so that arti?cial 
elements within the environment view can be updated 
appropriately for presentation by the scene display projector. 
The scene generator accepts this input on the vehicle’s 
position to continually regenerate the environment view. 

[0046] A light brightness equivalence mechanism 190B 
measures the intensity of light outside the vehicle and 
provides this input to the scene generator. The scene gen 
erator then adjusts the brightness of images to be superim 
posed by scene display projector 145B, so that composite 
image 170B constitutes a realistic rendering of an operating 
environment. This aspect of the invention may be especially 
important for vehicle operation during periods of low sun 
light, during periods of especially bright daylight, or in 
instances of high glare. 

[0047] The scene generator, the scene display projector, 
the measurement unit and the light brightness equivalence 
mechanism may be stored within or mounted upon the 
vehicle. 

[0048] FIG. 4C depicts another embodiment of the inven 
tion, which is the same as FIG. 4A eXcept that the scene 
generator 130C receives input from video camera 200C, 
which is mounted on the operator’s head so as to be collinear 
with the operator’s view. This video signal may depict the 
natural environment, or it may be altered before presentation 
to the operator in a predetermined fashion. In an illustrative 
embodiment, scene generator 130C alters the signal sent by 
video camera 200C to insert arti?cial elements and their 
location into the environment view, and in some cases also 
makes selected variations in the natural environment. Thus, 
operation of the vehicle at night might be simulated during 
daylight hours. This altered signal is then input to head 
mounted scene display 140C. A scene generator may be 
mounted on or within the vehicle, or may be a portable unit 
that can be worn or otherwise held by the operator while the 
vehicle is in motion. 

[0049] The inertial measurement unit 150C affixed to the 
head-mounted display provides input on the acceleration of 
the vehicle and/or the operator’s head. When the head 
mounted display is used, additional measurement of head 
orientation or position, and/or of operator position within the 
vehicle, may be provided by means of an electromagnetic 
sensor and/or mechanical linkage sensor with a potentiom 
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eter (not shown) affixed to the vehicle. This may prove 
useful for simulating the operation of a vehicle Which may 
requires the operator to move about Within the vehicle’s 
interior (e.g., a ship or railroad car). The scene generator Will 
combine data provided by the sensor(s) and other measure 
ments of the vehicle’s and operator’s position to provide an 
accurate environment vieW to the operator. 

[0050] FIG. 4D depicts another embodiment of the inven 
tion, Which is largely the same as FIG. 4B eXcept that video 
camera 200D provides input to scene generator 130D in the 
form of a video image collinear With the operator’s vieW, 
and operator 120D vieWs an image projected on ?at screen 
140D. A measurement unit 150D transmits input on vehicle 
position, provided by means Which may include a global 
positioning system (GPS) unit, laser triangulation Within the 
operating area, or other position measurement techniques, to 
the scene generator. In a preferred embodiment, the scene 
generator manipulates the signal sent by the video camera, 
Which may depict the natural environment, to insert arti?cial 
elements and their location. This altered signal is then fed to 
scene display projector 140D, Which projects environment 
vieW 170D on to the ?at screen. 

[0051] While in the discussion above, head and vehicle 
movement and position have been measured to control the 
scene generator, in some applications other movements may 
be monitored, as appropriate, to provide a realistic simula 
tion of vehicle operation. Thus, While the invention has been 
particularly shoWn and described With reference to speci?c 
embodiments, and variations thereon have been indicated, it 
should be understood by those skilled in the art that various 
additional changes in form and detail may be made therein 
Without departing from the spirit and scope of the invention 
as de?ned by the folloWing claims. 

What is claimed is: 
1. A vehicle operation simulator comprising: 

a mobile vehicle operable in a natural environment having 
at least one vehicle control; 

a scene generator; 

a scene display in communication With said scene gen 
erator and vieWable by a vehicle operator, 

an environment vieW being presented on said scene 
display Which is created at least 

in part by said scene generator; and 

Wherein said mobile vehicle carries the operator and is 
controlled by the operator in accordance With said 
environment vieW, said mobile vehicle responding to 
actuation of said at least one vehicle control and said 
environment vieW responding to at least one of opera 
tion of said at least one vehicle control, operator 
movement, and vehicle movement. 

2. The vehicle operation simulator of claim 1 including at 
least one of an inertial acceleration measurement unit, a 
gyroscopic measurement unit, and a pendulum, responding 
to motion of said mobile vehicle in up to siX degrees of 
freedom to provide input to said scene generator. 

3. The vehicle operation simulator of claim 1 including at 
least one of an inertial acceleration measurement unit, a 
gyroscopic measurement unit, and a pendulum, responding 
to motion of said operator’s head in up to siX degrees of 
freedom to provide input to said scene generator. 
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4. The vehicle operation simulator of claim 1 including a 
measurement unit responding to a velocity of said mobile 
vehicle in up to siX degrees of freedom to provide input to 
said scene generator. 

5. The vehicle operation simulator of claim 1 including at 
least one of a global positioning system unit and a laser 
triangulation unit, responding to changes in position of said 
mobile vehicle in up to siX degrees of freedom to provide 
input to said scene generator. 

6. The vehicle operation simulator of claim 5 including at 
least one of an electromagnetic arm, a mechanical arm With 
potentiometer, and magnetic sensors, responding to changes 
in position of said operator’s head in relation to said mobile 
vehicle in up to siX degrees of freedom to provide input to 
said scene generator. 

7. The vehicle operation simulator of claim 1 including a 
computer-based mathematical model of activity of said 
vehicle, responding to at least one of said vehicle control and 
movement of said vehicle, to provide data on at least one of 
position of said vehicle in up to siX degrees of freedom as 
input to said scene generator. 

8. The vehicle operation simulator of claim 1 Wherein said 
environment vieW is Wholly comprised of elements from 
said scene generator. 

9. The vehicle operation simulator of claim 8 Wherein said 
scene display is af?Xed to at least one of said mobile vehicle 
and a head-mounted display Worn by the vehicle operator. 

10. The vehicle operation simulator of claim 1 Wherein 
said environment vieW is a composite of at least one element 
from said scene generator, and at least one element from the 
natural environment. 

11. The vehicle operation simulator of claim 10 Wherein 
said at least one element from the natural environment is 
captured With a video camera and input to said scene 
generator. 

12. The vehicle operation simulator of claim 10 Wherein 
said at least one element from the natural environment is 
visible to said operator through a partially transparent vieW 
ing screen. 

13. The vehicle operation simulator of claim 12 Wherein 
the vieWing screen is af?Xed to at least one of the mobile 
vehicle and a head-mounted display Worn by the vehicle 
operator. 

14. The vehicle operation simulator of claim 10 Wherein 
said scene generator includes a mechanism maintaining 
equivalent light brightness betWeen at least one element 
from said scene display and the natural environment. 

15. The vehicle operation simulator of claim 1 Wherein 
the at least one element presented in said environment vieW 
differ in a controlled fashion from the actual behavior of said 
mobile vehicle. 

16. The vehicle operation simulator of claim 15 Wherein 
the vehicle responds to operator actuation of vehicle control 
in accordance With movement represented in said environ 
ment vieW rather than the movement of said vehicle. 

17. The vehicle operation simulator of claim 1 including 
one or more sensors responding to movement of said opera 
tor Within said mobile vehicle to provide input to said scene 
generator and said scene display. 

18. The vehicle operation simulator of claim 1 including 
secondary vehicle control for said mobile vehicle, said 
secondary vehicle control to be actuated by a second opera 
tor. 
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19. The vehicle operation simulator of claim 18 Wherein 
said mobile vehicle responds exclusively to said secondary 
vehicle control When said secondary vehicle control is 
actuated. 

20. The vehicle operation simulator of claim 18 Wherein 
said mobile vehicle selectively responds to both said sec 
ondary vehicle control and said vehicle control When said 
secondary vehicle control is actuated. 

21. The vehicle operation simulator of claim 1 including 
parameter-constraining apparatus limiting at least one of the 
movement of said mobile vehicle and the actuation of said 
vehicle control. 

22. The vehicle operation simulator of claim 1 Wherein 
said scene display includes at least one of a mirror, a ?at 
opaque vieWing screen, a curved opaque vieWing screen, 
and electronic display, and a partially transparent half 
silvered mirror. 

23. A method for simulated operation of a vehicle in a 
natural environment including the steps: 

(a) generating an environment vieW; 

(b) presenting the environment vieW to an operator carried 
by a mobile vehicle, said mobile vehicle operating in a 
natural environment; 

(c) the operator actuating controls for said mobile vehicle, 
movement of said mobile vehicle responding to said 
actuation; and 

(d) altering said environment vieW in response to at least 
one of vehicle movement, operator actuation of con 
trols, operator head movement, and operator movement 
Within said vehicle. 

24. The method of claim 23 Wherein the elements pre 
sented in said environment vieW differ in a controlled 
fashion from those commensurate With the actual behavior 
of said mobile vehicle. 
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25. The method of claim 23 Wherein said environment 
vieW comprises at least one element rendered by said scene 
generator and at least one element from the natural envi 
ronment. 

26. The method of claim 25 Wherein step (a) includes 
maintaining equivalent light brightness betWeen at least one 
element from said scene display and the natural environ 
ment. 

27. The method of claim 23 Wherein said environment 
vieW is Wholly comprised of elements from said scene 
generator. 

28. The method of claim 23 Wherein said vehicle has 

secondary vehicle control, and including the step of said 
secondary vehicle control being actuated by a second opera 
tor under selected conditions. 

29. The method of claim 28 Wherein said mobile vehicle 
responds exclusively to said secondary vehicle control When 
said secondary vehicle control is actuated. 

30. The method of claim 28 Wherein said mobile vehicle 

selectively responds to both said secondary vehicle control 
and said vehicle control When said secondary vehicle control 
is actuated. 

31. The method of claim 23 Wherein said environment 
vieW is presented on at least one of a scene display af?xed 
to said mobile vehicle and a head-mounted display Worn by 
the vehicle operator. 

32. The method of claim 23 Wherein step (c) includes 
limiting at least one of the movement of said mobile vehicle 
and actuation of said vehicle control. 


