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provides a low cost simulation option. A simple con?gura 
tion of the portable simulator does not require an external 
poWer source and can be set-up and operated at any parking 
space. Possible applications of the simulation system 
include driver training and testing. 
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PORTABLE IN-THE-VEHICLE ROAD SIMULATOR 

RELATED APPLICATIONS 

[0001] This application is a continuation of PCT applica 
tion serial number PCT/JUS03/10529 ?led on Apr. 7, 2003 
Which claims priority under the Paris Convention and 35 
U.S.C. § 119(e) from a US. provisional patent application 
Serial No. 60/370,277, ?led on Apr. 5, 2002, both of Which 
are incorporated herein by reference 

BACKGROUND OF THE INVENTION 

[0002] As public roads are becoming more and more 
congested, there is an increasing need to better train drivers 
of motor vehicles to decrease the number of road accidents. 
For example, one of the major causes of accidents, espe 
cially among younger drivers, is their inability to recogniZe 
a dangerous road situation due to the obstructed line-of-sight 
and path-of-travel. It is often very time consuming to train 
students to recogniZe dangerous road situations during the 
actual behind-the-Wheel driving session. Such situations do 
not present themselves in a repeatable, consistent manner to 
each student driver. There are signi?cant time gaps betWeen 
their occurrences, Which have a very large margin of error, 
causing a student to make unnoticed mistakes frequently. 
Unnoticed driving mistakes, in turn, cause the students to 
develop bad driving skills. 

[0003] It is also very dif?cult to train drivers in haZardous 
road conditions Without compromising the safety of the 
driver. Examples of such hazardous road conditions may 
include slippery roads, over-speeding on sharp turns, etc. 

[0004] Training through driving simulation generally 
addresses the above issues. 

[0005] Avariety of solutions to the above-identi?ed prob 
lem have dealt With simulation driving experiences. Those 
solutions broadly fall into tWo categories: (1) modi?cations 
of stock vehicles to simulate haZardous road conditions, and 
(2) complete computer-based simulated driving environ 
ments not involving a real vehicle. 

[0006] Modi?cations of stock vehicles usually call for a 
dedicated vehicle to be used only for training, Which cannot 
be otherWise used for driving. Simulation of the haZardous 
road conditions in such dedicated vehicles usually provides 
realistic haptic and motion feedback, While the spectrum of 
simulated experiences is limited mostly to tire skids. 

[0007] Computer-based simulated driving environments, 
While providing the most training bene?ts, require a dedi 
cated maintained ?oor space. They also frequently require a 
real car cabin to be used to achieve a high enough degree of 
realism of the simulation. When the kind of a training 
vehicle needs to be changed, the changing procedure usually 
calls for a cabin replacement, Which is very costly and time 
consuming. 
[0008] Both of the above-described categories also do not 
alloW a driver to get the advantageous training inside the 
driver’s oWn vehicle. 

[0009] The present invention addresses the need to pro 
vide portability and realistic feel of driving an actual vehicle 
While not exposing the driver to the real haZardous road 
situation during training. The system of the present inven 
tion, can be quickly set-up and used in any available parking 
space. 
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SUMMARY OF THE INVENTION 

[0010] The above and other features of the invention 
including various novel details of construction and combi 
nations of parts, and other advantages, Will noW be more 
particularly described With reference to the accompanying 
draWings and pointed out in the claims. It Will be understood 
that the particular method and device embodying the inven 
tion are shoWn by Way of illustration and not as a limitation 
of the invention. The principles and features of this inven 
tion may be employed in various and numerous embodi 
ments Without departing from the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a general vieW of a portable system With 
an actual vehicle. 

[0012] FIG. 2 is high-level block diagram of a simulator. 

[0013] FIG. 3 is schematic illustration of sensors and 
interfaces for reading a real-time state of the vehicle’s 
controls. 

[0014] FIG. 4 is a schematic illustration of a digital 
interface betWeen a vehicle’s controls and on-board sensors. 

[0015] FIG. 5 is schematic illustration of audio-visual 
output devices. 

[0016] 
[0017] FIG. 7 is a schematic illustration of a simulation 
engine softWare and courseWare running on a computer. 

FIG. 6 is a schematic illustration of actuators. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] Turning noW to FIG. 1, shoWn there is a portable 
system for driving simulation coupled With an actual 
vehicle. In operation, a driver/trainee uses an actual vehicle 
to drive up on a tWo-piece ramp 2. It should be appreciated 
that the driver can use any actual vehicle, including his or 
her oWn vehicle to receive the desired training. The choice 
of a vehicle provide the driver With an advantage to receive 
training in and get used to the vehicle that the driver Will be 
actually driving after completing the training program. It 
should also be noted that the terms “driver”, “student”, 
“user” and “trainee” are used throughout this description 
interchangeably. 
[0019] After the vehicle is positioned on the tWo-piece 
ramp 2, the engine of the vehicle is turned off. Steered 
Wheels 1, controlled by the vehicle’s steering Wheel, located 
inside the cabin, are placed and optionally locked on top of 
turntables 3. Each turntable 3 can rotate around its oWn 
vertical axis, folloWing the steering movements of the 
steered Wheels 1. 

[0020] While the vehicle is immobile and its poWer steer 
ing is not active, turntables 3 alloW the driver/trainee to 
operate the steering Wheel of the vehicle Without applying 
excessive force, Which Would have been necessary on the 
actual road due to the friction betWeen the steered Wheels 
and the surface of the road While the vehicle is immobile. 
The steering Wheel must be unlocked during the operation of 
the portable system of the present invention While the engine 
of the vehicle is turned off. In most vehicles turning off is 
accomplished by turning the key in the ignition of the 
vehicle Without starting the engine. If a real-time force 
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feedback effect to the steering Wheel is desired to be 
provided to the driver, the effect can be provided by optional 
steering actuators 61 located inside the turntables 3. Since 
the engine of the vehicle is not running during the simula 
tion, the poWer steering is not active. To compensate for this 
lack of the actual poWer steering, smaller-than-natural forces 
can be applied to the steered Wheels 1 of the vehicle by the 
steering actuators 61 in order to generate the realistic 
feedback. 

[0021] Regardless Whether the steering actuators 61 are 
present in the portable simulation system, the steering Wheel 
returns to its central position driven by the natural forces 
resulting from eXerting the Weight of the vehicle to the 
Steering Angle Inclination (SAI) of the steered Wheels 1. If 
the steering actuators 61 are used, the force returning the 
steering Wheel to its central position depends on the simu 
lated speed of the vehicle and is de?ned by the simulation 
softWare. 

[0022] An optional steering sensor 39 (shoWn in FIG. 3) 
is used to generate information about a position of the 
steering Wheel in order to generate corresponding simulated 
vieW of the road. The optional steering sensor 39 should be 
used When the vehicle’s oWn built-in steering sensor is not 
available. 

[0023] Inside the vehicle an optional brake pedal sensor 
and actuator can be positioned under a brake pedal 34 (also 
shoWn in FIG. 3). An optional gas pedal sensor can be 
positioned under a gas pedal 35 (also shoWn in FIG. 3). The 
optional brake pedal sensor and the optional gas pedal 
sensor should be used When the vehicle’s oWn built-in brake 
pedal and gas pedal sensors are not available. For practical 
reasons both brake pedal and gas pedal sensors can be 
mounted in a single enclosure. As shoWn in FIG. 6, an 
optional actuator 63 coupled to the brake pedal 34 can be 
used to simulate an anti-lock brake (ABS) pulsation. 

[0024] FIG. 2 shoWs a high-level block diagram of the 
portable simulator. As shoWn in FIG. 2, computing means 
22 receive input data from non-invasive means for reading 
real-time state of the vehicle controls 21. A portable com 
puter, such as a notebook computer having built-in 3D 
graphics processor can be used as computing means. The 
computer processes the input data and generates a Virtual 
Driving Environment (VDE) to be provided to the driver 
using audio and visual means 24. Audio and visual means 
normally consist of a Head-Mounted Display (HMD) and a 
set of headphones. Alternatively, other forms of portable 
displays can be employed, such as LCD screens pasted on 
the inside of the vehicle’s WindoWs, as Well as a set of 
external speakers might be used. The VDE is presented to 
the driver in the ?eld of vieW corresponding to the head 
orientation of the driver provided by the head tracker 25. To 
improve the ?delity of the simulation, the computer 22 
controls an optional plurality of actuators 23, shoWn in 
further detail in FIG. 6, comprising a steering actuator 61, 
a motion feedback cushion 62 and an ABS pulsation actuator 
63. 

[0025] ShoWn in FIG. 7 is a schematic representation of 
the softWare for simulating a VDE running on the computing 
means 22. In the preferred embodiment the softWare is 
running on a portable computer poWered by the battery of 
the vehicle or by the computer’s oWn battery, therefore 
eliminating the need in an eXternal poWer source. The 
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portable computer is controlled by a Simulation Engine 
SoftWare 72 processing the real-time state data from various 
vehicle controls, described further beloW. The Simulation 
Engine SoftWare 72 processes the data from the head 
tracking sensor 25 (shoWn in FIG. 2) to generate an appro 
priate graphical representation of the VDE on the screen(s) 
of a Head Mounting Display 4 (HMD) as shoWn in FIG. 1. 
The Simulation Engine SoftWare 72 is normally designed 
and maintained by softWare engineers. It provides an inter 
mediate language for driver educators and researchers to 
describe a variety of road situations, or “scenarios”, having 
an educational value. 

[0026] CourseWare Components 71, shoWn in FIG. 7, 
comprise driving lessons and “scenarios” created by the 
driving educators and researchers, Who generally do not 
have a background in softWare engineering. Different 
CourseWare Components can be designed by different orga 
niZations. They can be put together in sequences to design 
the desired curriculum. 

[0027] The portable computer also comprises a sound 
processor that generates audio signals to enhance the rep 
resentation of the VDE and communicate verbal instructions 
to the driver via headphones 52, shoWn in FIG. 5, frequently 
built into the HMD. 

[0028] In order to reduce What is knoWn to be “simulation 
sickness” sometimes resulting from the mismatch of the 
visual cues and the physical body cues, the driver can use an 
optional motion feedback cushion 62 shoWn in FIG. 6. 
Motion feedback cushions of the type commonly used in 
computer games usually comprise a set of loW-frequency 
poWer speakers pushed against a person’s back to apply 
vibrations to the person’s body. An undesirable effect of the 
“simulation sickness” can be reduced by applying variations 
of the vibration patterns re?ecting the changes in the driving 
conditions in the VDE. An optional brake pedal ABS 
pulsation actuator 63 can be used to provide the simulated 
effect of operating an Anti-Lock Brake System. 

[0029] Simulating operation of a vehicle using an actual 
vehicle can be accomplished by placing a pair of turntables 
3 under the steered Wheels 1 of the vehicle, as shoWn in FIG. 
1, to relieve the friction of the steered Wheels of the actual 
vehicle With a road surface. Placing the turntables under the 
steered Wheels makes it possible for the steered Wheels to be 
steered freely While the vehicle is immobile, enabling the 
actual vehicle’s steering to be operated by a user Without 
using excessive force. The method further comprises pro 
viding computing means 22 reading the real-time data of the 
state of the vehicle’s controls to simulate a Virtual Driving 
Environment (VDE). The computing means is preferably a 
portable computer With a Simulation Engine SoftWare. The 
softWare receives an input of the real-time data from the 
head tracking sensor 25, mounted on the HMD. The head 
tracking sensor communicates the eXact orientation of the 
driver’s head to the computer, so that the appropriate ?eld of 
vieW of the VDE can be generated by the computer and 
displayed to the driver. In other Words, using all of the 
above-described data, the computer generates a graphical 
representation of the VDE at the current orientation of the 
driver’s head and displays the graphical representation by 
the portable audio and visual means to the driver. An audio 
output may contain, but is not limited to, an engine noise, 
traffic noise, and audio instructions. 
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[0030] Also in accordance With the present invention a 
method of training of a student driver can be accomplished 
by using an actual vehicle While it is immobilized to alloW 
the student driver sitting in the vehicle to use the vehicle’s 
steering Wheel to drive through the Virtual Driving Envi 
ronment (VDE). Driving through the VDE, simulated by the 
computer and audio-visual means, provides rich simulated 
driving experience to the student driver. The experience can 
comprise encountering simulated real life-like road dangers 
and practicing avoidance skills. The student driver can also 
safely practice risk assessment skills during the driving 
simulation. Optional other Computer Based Training (CBT) 
means can be employed betWeen the driving lessons. The 
CBT means can be any educational activities performed 
outside of a simulated driving lesson. The CBT means can 
include, but are not limited to, short fragments of a video 
presented to the student driver, folloWed by a commentary 
and a series of questions. A combination of the simulated 
driving activities With non-simulated CBT can be used to 
promote development and maintenance of the long-term 
driving skills. Driving through the VDE, simulated by the 
computer using audio and visual means capable of providing 
immediate feedback to the student driver, enhances the 
effectiveness of driver training. Training of the student 
driver is usually accomplished by using a curriculum com 
prising a series of driving lessons by repeating the above 
described steps as many times as deemed desirable. Atypical 
length of a lesson can be 10 to 15 minutes each. 

[0031] Also, in accordance With the present invention a 
method of assessing driver’s skills in the actual immobiliZed 
vehicle can be performed by using the actual vehicle, such 
as the driver’s oWn vehicle, and presenting the driver With 
the simulated driving experience by driving through the 
Virtual Driving Environment (VDE). The driving simulation 
is accomplished by a computer and audio and visual means. 
While the driver drives through the VDE, measurements of 
the driver’s performance characteristics can be taken. 

What is claimed is: 
1. Aportable system for simulating operation of a vehicle 

using an actual vehicle, the portable system comprising: 

means for relieving the friction of steered Wheels of the 
actual vehicle With a road surface, enabling the actual 
vehicle’s steering to be operated Without using exces 
sive force While the actual vehicle is immobile; 

computing means for simulating a Virtual Driving Envi 
ronment (VDE); 

audio and visual means for presenting the computer 
generated VDE to a user; and 

non-invasive means for reading a real-time state of a 
plurality of vehicle’s controls con?gured to send data to 
said computing means. 

2. The portable system of claim 1, Wherein the means for 
relieving the friction comprise a plurality of ramps With 
turntables positioned under the steered Wheels. 

3. The portable system of claim 1, Wherein the actual 
vehicle is a car, a truck or a van. 

4. The portable system of claim 1, Wherein the means for 
reading comprise an OBD II data bus or other standard 
interface to on-board sensors of the actual vehicle. 
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5. The portable system of claim 1, Wherein the means for 
reading comprise a plurality of sensors including a steering 
sensor, gas pedal and brake pedal sensors. 

6. The portable system of claim 5, Wherein the plurality of 
sensors is selected from the groups consisting of a gear shift 
sensor, including a transfer case control sensor, a differential 

control sensor, a PTO control sensor, a clutch pedal sensor, 
a turn signal, sWitch sensor or a plurality of turn signal photo 
sensors, a parking brake sensor, a seat belt sensor and 
combinations thereof. 

7. The portable system of claim 5, Wherein the computing 
means is a computer operated by softWare comprising: 

a Simulation Engine SoftWare component for processing 
signals from the plurality of sensors and generating an 
output image and sound; and 

a plurality of CourseWare SoftWare components, each of 
the components implementing a particular driving les 
son in the VDE. 

8. The portable system of claim 1, Wherein audio and 
visual means comprise a Wearable Head Mounted Display 
(HMD), a Head Tracking Sensor for indicating the current 
position of the user’s head relative to the Computing means 
to generate a ?eld of vieW of the VDE, and head phones 
coupled to the HMD or to a plurality of external speakers. 

9. The portable system of claim 1, further comprising a 
Brake pedal ABS-pulsation actuator providing the simulated 
anti-lock braking sensation to the user’s foot. 

10. The portable system of claim 1, further comprising a 
Steering actuator to provide a real-time force-feedback to 
the user. 

11. The portable system of claim 1, further comprising a 
motion feedback cushion providing physical body cues. 

12. A method of simulating operation of a vehicle using 
an actual vehicle comprising the steps of: 

relieving the friction of steered Wheels of the actual 
vehicle With a road surface; 

enabling the actual vehicle’s steering to be operated by a 
user; 

providing computing means simulated a virtual driving 
environment (VDE); 

using real-time state of actual vehicle’s controls as input 
for the computing means simulating the VDE; and 

computing means generating output to the user using 
portable audio and visual means. 

13. Amethod of training a driver comprising the steps of: 

1) using an actual vehicle, While the actual vehicle is 
immobile; 

2) driving through a VDE, simulated by computer and 
audio and visual means; 

3) providing a real-time audio and visual feedback to the 
driver; and 

4) using a series of lessons to develop driving skills by 
repeating steps (1) to 
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14. The method of training of claim 13, wherein the step 
of using a series of lessons further comprises using Com 
puter Based Training means. 

15. A method of assessing driver’s skills comprising the 
steps of: 

providing a virtual driving simulator generating a Virtual 
Driving Environment (VDE) in an actual vehicle, While 
the actual vehicle is immobile; 
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driving through a VDE, simulated by computer and audio 
and visual means for the driver in the actual vehicle; 
and 

measuring driver’s performance characteristics. 
16. The method of assessing of claim 15, Wherein the 

actual vehicle is provided by the driver. 

* * * * * 


