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one aspect, the system and method determines the amount of 
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DIAGNOSIS AND REPAIR FOR 
AUTONOMOUS VEHICLES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The present application claims the benefit of the filing 
dates of U.S. Provisional Application No. 61/390,094, 
entitled "AUTONOMOUS VEHICLES," filed Oct. 5, 2010, 
and U.S. Provisional Application No. 61/391,271, entitled 
"AUTONOMOUS VEHICLES," filed Oct. 8, 2010, the entire 
disclosures of which are hereby incorporated herein by ref­
erence. 

BACKGROUND 

Autonomous vehicles may be configured to be driven in a 
manual mode (where the operator exercises a high degree of 
control over the movement of the vehicle) or in an autono­
mous mode (where the vehicle essentially drives itself). 
These vehicles use various computing systems to aid in the 
transport of passengers from one location to another. Some 
autonomous vehicles may require some initial input or con­
tinuous input from an operator, such as a pilot, driver, or 
passenger. Other systems, for example autopilot systems, 
may be used only when the system has been engaged, which 
permits the operator to switch from a manual mode to an 
autonomous mode and to modes that lie somewhere in 
between. 

A vehicle with autonomous driving capability may be con­
figured to receive signal inputs from the sensors that monitor 
the vehicle operations, surrounding objects and road condi­
tions in order to identify safety hazards and generate coun­
termeasures to deal with various driving situations. The 
autonomous vehicle may also collect and record data from 
various information sources such as cellular network, satel­
lites as well as user inputs such as users' identification, des­
tinations and routes of navigation requests and vehicle opera­
tion preferences. 

A vehicle with autonomous driving capability may further 
be adapted to detect various potential hazardous conditions 
and issue warnings to the user. The potential hazardous con­
dition may include, for example, the vehicle's approaching a 
sharp curve, nearby pedestrians, icy roads, etc. Such vehicle 
may also be configured with mechanisms of taking active 
steps to avoid these hazards, e.g., slowing down the vehicle, 
applying the brake, etc. 

SUMMARY 

2 
stopping proximate to the object.A memory contains instruc­
tions accessible by the processor. The instructions include 
changing the motion of the vehicle relative to the external 
object based on output received from the two sensors. 

5 In still another aspect, a method of controlling a vehicle 
includes: determining the wear on a component of the 
vehicle; determining the geographic position of the vehicle; 
determining traffic requirements in the path of the vehicle; 
and selecting, with a processor, between a first and second 

10 maneuver based on the determined wear and the determined 
distance. At least one difference between the first and second 
maneuver is selected from the group consisting of rate of 
acceleration, rate of deceleration and direction. The vehicle is 
moved in accordance with the selected maneuver. 

15 In a further aspect, a vehicle is provided that includes 
control components for controlling the movement of the 
vehicle. The components respond to commands from a pas­
senger and a processor. Environment sensors detect the envi­
ronment external to the vehicle and component sensors detect 

20 the physical characteristic of components internal to the 
vehicle, where such physical characteristic changes based on 
the operation of the vehicle. A processor is in communication 
with the control components, environment sensors and com­
ponent sensors, and executes instructions that include: receiv-

25 ing output from the environment sensors, receiving output 
from the component sensors, selecting a first command or 
second command to be provided to the control components 
based on the output from the environment sensors and com­
ponent sensors, and providing the selected command to the 

30 control components. 
In another aspect, a system of controlling the movement of 

a vehicle includes a processor, a memory accessible by the 
processor, and instructions contained in the memory and 
executable by the processor. The instructions include: deter-

35 mining the geographic location of the vehicle relative to loca­
tion-dependant vehicle movement restrictions, determining 
whether a first component of the vehicle is damaged, provid­
ing a first instruction to a second component of the vehicle to 
move the vehicle so as to comply with the location-dependant 

40 movement restriction when the first component is determined 
to be not damaged, and providing a second instruction to the 
second component to move the vehicle so as to comply with 
the location-dependant movement restriction when the first 
when the first component is determined to be damaged. The 

45 movement instructed by the second instruction is different 
than the movement instructed by the first command. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 FIG. 1 is a functional diagram of a system. 
In one aspect, a method of maneuvering a vehicle is pro­

vided. The method includes detecting a characteristic of the 
environment surrounding the vehicle and detecting the 
amount of damage to a component of the vehicle, wherein 
different maneuvers can be expected to affect the component, 55 

and thus the damage, differently. A processor selects between 

FIG. 2 is a functional diagram of sensors of a vehicle. 
FIG. 3 is a functional diagram of monitored components 

and sensors of a vehicle. 
FIG. 4 is diagram of the interior of a vehicle. 
FIG. 5 is a diagram of vehicle movement in response to 

detection of a location-specific vehicle movement restriction. 
FIG. 6 is a diagram of vehicle movement in response to 

detection of a location-specific vehicle movement restriction. 
a first maneuver and a second maneuver based on the detected 
environment characteristic and detected damage amount. The 
vehicle is then moved in accordance with the selected maneu-
ver. 

FIG. 7 is a diagram of vehicle movement in response to 
60 detection of a location-specific vehicle movement restriction. 

In another aspect, a system includes a processor and sen­
sors. One sensor is in communication with the processor and 
is configured to detect the presence of physical damage to a 
component of a vehicle. Another sensor is in communication 
with the processor and configured to detect the presence of 65 

objects external to the vehicle that require a change in the 
motion of the vehicle, e.g., maneuvering around the object or 

FIG. 8 is a flowchart. 

DETAILED DESCRIPTION 

Short Summary 
In one aspect, a system and method of autonomously mov­

ing a vehicle is provided wherein sensors detect whether a 

IPR2025-00943 
Tesla EX1032 Page 10



US 8,874,305 B2 
3 

component is damaged and a processor maneuvers the 
vehicle differently based on the presence of damage and in 
order to mitigate further damage to the component. 
Vehicle Introduction 

4 
control 130 as being within the same block, it will be under­
stood by those of ordinary skill in the art that the processor 
and memory may actually comprise multiple processors and 
memories that may or may not be stored within the same 

FIG. 1 illustrates one possible aspect of an autonomous 
driving system of vehicle 101. Although certain aspects of the 
invention are particularly useful in connection with specific 
types of vehicles, vehicle 101 may be any type of vehicle. 
Possible vehicles include, by way of example only, cars, 
trucks, motorcycles, busses, boats, airplanes, helicopters, 
lawnmowers, recreational vehicles, amusement park 
vehicles, trams, golf carts, trains and trolleys. 

5 physical housing. For example, rather than being stored in the 
same computer, processor 131 and memory 132 may be 
stored in separate devices. Although there may be advantages 
to locating the processor 131 and memory 132 within vehicle 
101, various processes may be performed external to the 

10 vehicle and various data may be stored outside of the vehicle. 
For example, if a processor or memory used or required by the 
vehicle 101 occurs in an external device, vehicle 101 may 
obtain the information it requires wirelessly. Accordingly, 
although references to a processor or memory herein will 

Vehicle 101 may include an autonomous vehicle computer 
system 130 that is in communication with sensors 140, com­
ponents 150 that control the movement of the vehicle, user 
input 160 and user indicators 170. 
Computer System 

Computer system 130 may comprise a computer contain-
ing a processor 131, memory 132 and other components 
typically present in general purpose computers. 

15 assume that the processor and memory are affixed to vehicle 
101, such references will be understood to include references 
to a collection of processors or computers or memories that 
may or may not operate in parallel and may or may not be 
located within affixed to vehicle 101. 

20 Map Data 
The memory 132 stores information accessible by proces­ Data 134 may include map-related data 135. In addition to 

storing the geographic location of streets and their intersec­
tions, the map data may further include information relating 
to traffic rules and location-specific rules, such as the geo-

25 graphic location of stop signs and speed limits. Yet further, the 
map data may include information relating to altitude, e.g., 
information from which the grade of a hill may be deter­
mined. 

sor 131, including instructions 133 and data 134 that may be 
executed or otherwise used by the processor 131. The 
memory 132 may be of any type capable of storing informa­
tion accessible by the processor, including a computer-read­
able medium, or other medium that stores data that may be 
read with the aid of an electronic device, such as a hard-drive, 
memory card, ROM, RAM, DVD or other optical disks, as 
well as other write-capable and read-only memories. Systems 
and methods may include different combinations of the fore- 30 

going, whereby different portions of the instructions and data 
are stored on different types of media. 

The instructions 133 may be any set of instructions to be 
executed directly (such as machine code) or indirectly (such 
as scripts) by the processor. For example, the instructions may 35 

be stored as computer code on a computer-readable medium. 
In that regard, the terms "instructions" and "programs" may 
be used interchangeably herein. The instructions may be 
stored in object code format for direct processing by the 
processor, or in any other computer language including 40 

scripts or collections of independent source code modules 
that are interpreted on demand. Functions, methods and rou­
tines of the instructions are explained in more detail below. 

The data 134 may be retrieved, stored or modified by 
processor 131 in accordance with the instructions 133. For 45 

instance, although the system and method is not limited by 
any particular data structure, the data may be stored in com­
puter registers, in a relational database as a table having a 
plurality of different fields and records, XML documents or 
flat files. The data may also be formatted in any computer- 50 

readable format. By further way of example only, image data 
may be stored as bitmaps comprised of grids of pixels that are 
stored in accordance with formats that are compressed or 
uncompressed, lossless ( e.g., BMP) or lossy ( e.g., JPEG), and 
bitmap or vector-based (e.g., SVG), as well as computer 55 

instructions for drawing graphics. The data may comprise any 
information sufficient to identify the relevant information, 
such as numbers, descriptive text, proprietary codes, refer­
ences to data stored in other areas of the same memory or 
different memories (including other network locations) or 60 

information that is used by a function to calculate the relevant 
data. 

Navigation Controls 
As shown in FIG. 1, a vehicle 101 may include various 

components 150 relating to controlling the navigation of the 
vehicle. For example, the vehicle may include steering 151, 
throttle 152 ( e.g., operated by an accelerator), brakes 153 and 
transmission 154. 
Monitored Components 

As shown in FIG. 2, the vehicle may also include a variety 
of internal and external sensors 140 that provide data to the 
autonomous vehicle computer system 130. 

Whereas environmental sensors 209 provide data about the 
environment surrounding the vehicle and passenger sensors 
250 provide data about the passengers 195 in the vehicle, 
vehicle component sensors 230 provide information about 
the physical characteristics of the vehicle components. By 
way of example and as shown in FIG. 3, fuel level sensor 231 
may monitor the amount of gasoline held by gas tank 181, oil 
pressure sensor 23 2 may monitor the amount of oil pressure in 
engine 182, brake wear sensor 233 may monitor the amount 
of wear on brakes 153, air pressure sensor 235 may monitor 
the amount of pressure in tires 184 and tread wear sensors 234 
may monitor the treads of the tires. The vehicle may include 
other sensors as well, such as battery level, engine tempera-
ture, weight distribution and steering alignment sensors. In 
some aspects, the system and method may store and rely on 
information representing changes in the output of the sensors 
over time, i.e., a log of the fuel level at different times or an 
average fuel level over some selected time period. 

A variety of the sensors may monitor components that are 
highly likely to become damaged based on the continued 
normal operation of the vehicle. For example, it may be 
expected that the brake pads will wear away and eventually 
require replacement. Data 134 may include detailed informa-
tion regarding past vehicle maintenance repairs of such com­
ponents ( e.g., when brakes and tires were changed) as well as 
other components. In one aspect, sensors 230 detect changes 

The processor 131 may be any conventional processor, 
such as processors from Intel Corporation or Advanced Micro 
Devices. Alternatively, the processor may be a dedicated 
device such as an ASIC. Although FIG. 1 functionally illus­
trates the processor, memory, and other elements of central 

65 in the physical characteristics of components that are within 
the car ( e.g., under the hood) and likely to change as the 
vehicle is operated. 
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Environmental Sensors 
6 

location of external objects, other types of radar may be used 
for other purposes as well, such as a conventional speed 
detector. Short wave radar may be used to determine the depth 
of snow on the road and to determine location and condition 

Environmental sensors 140 allow the vehicle to understand 
and potentially respond to its environment in order to navigate 
and maximize safety for passengers as well as people or 
property in the surrounding environment. The sensors may be 
used to identify, track and predict the movement of objects as 
well, such as pedestrians and other vehicles. Yet further, the 
sensors may be used to provide recommendations. The 
vehicle may include other sensors that are not shown in FIG. 
2. 

5 of the road surface. 
Cameras 
One of the sensors may also include one or more cameras 

223. If multiple cameras are used and the distances from each 
other are known, the parallax from the different images may 

Geographic Location Component 
Geographic location component 210 is used to determine 

the geographic location and orientation of the vehicle 101. 
For example, component 210 may include a GPS receiver 211 
to determine the vehicle's latitude, longitude and altitude. 
Although references herein to the location of the vehicle will 
often refer to a location in latitude/longitude/altitude coordi­
nates, the data representing the location of the vehicle may 
also be relative to other reference systems, such as the vehi­
cle's distance from objects. Some reference systems may be 
subject to less noise than others. 

10 be used to compute the distance to various objects which are 
captured by the cameras. Content may also be extracted from 
images captured by a camera. For example, the vehicle may 
automatically slow down if its current speed is 50 mph and it 
detects, by using its cameras and using optical-character rec-

15 ognition, that it will shortly pass a sign indicating that the 
speed limit is 35 mph. Yet further, pattern matching and other 
feature detection algorithms may be used to determine the 
type of the object. This may be combined with other infor­
mation to determine location specific information that is rel-

Inertial Guidance 

20 evant to the maneuvering of the vehicle, such as determining 
the presence of a stop sign with cameras 223 and determining 
the location of the sign, and thus where the vehicle needs to 
stop, with laser 221. The geographic location component may also include an 

inertial guidance system 212, which may in turn include an 
accelerometer 213 and gyroscope 214. The inertial guidance 25 

system 212 may determine the current orientation of the 
device and changes of speed in any direction. For example, 
the inertial guidance system 212 may detect when the vehicle 
is turning. It may also estimate the current location of the car 
relative to a starting location based on changes in speed and 30 

direction. 
Multiple Sources 

Other devices may also be used to determine the location of 
the vehicle 101. For example, if the external object detector 
220 identifies an object and its location relative to the vehicle, 35 

and if processor 131 can access pre-existing data that identi-
fies the geographic location of the object, then processor 131 
can identify the geographic location of the vehicle. The sys­
tem may also triangulate its location based on cell phone 
tower transmissions or the presence of smaller wireless net- 40 

works. The processor may combine the information from the 
various components and detectors, or select the most accurate 
source, and determine the geographic location of the vehicle 
accordingly. 

Ambient State Sensors 
Ambient sensors 240 may determine environmental 

aspects that do not specifically relate to external object detec­
tion, such as air quality sensors for detecting the surrounding 
air's temperature, humidity, or particulates. 
User's State Sensors 

Sensors 140 may also include sensors for determining the 
state of the user, such as the driver and other passengers in a 
car. For example, passenger sensors 250 may include a video 
camera that is used to determine whether the driver is asleep. 
Other sensors may determine the state of the interior of the car 
such as interior temperature, humidity, seat and mirror posi­
tions, weight measurements and distributions of the occu­
pants (driver and passengers). 

Although not shown in FIG. 2 or described herein, the 
system and method may include other types of sensors as well 
including but not limited to active and passive infrared sen­
sors and radio frequency sensors. 
Autonomous 

The sensors may output their determinations to computer 
system 130. The system and method permits various data 

External Object Detector 45 configurations between the computer system and the sensors. 
The vehicle may include an external object detection sys­

tem 220 for detecting objects external to the vehicle such as 
other vehicles, obstacles in the roadway, traffic signals, signs, 
trees, etc. The detection system 220 may include a laser 221, 
radar 222, cameras 223, sonar 224 or and other detection 50 

devices. 
Laser 

The sensors may provide the data in relatively raw low-level 
form or independently process the sensed information and 
provide relatively high-level data. Many of these sensors 
provide data that is processed by the computer in real-time, 
that is, the sensors may continuously update their output or 
provide updated output to the computer system 130 on 
demand. Thus, some of the sensors may instantaneously pro­
vide information that can be directly processed by the pro­
cessor of the central control, such as a self-contained speed 

Vehicle 101 may include a laser 221 mounted on the roofor 
other convenient location. In one aspect, the laser may mea­
sure the distance between the vehicle and object surfaces 
facing the vehicle by spinning on its axis and changing its 
pitch. The laser may also be used to identify changes in 
surface texture or reflectivity. Thus, the laser may be config­
ured to detect lane lines by distinguishing between the 
amount of light reflected by a painted lane line relative to 
unpainted dark pavement. 

55 radar detector. Other sensors may require the processor to 
process data received from the sensor over a range of time, 
e.g., determining the speed of an object by comparing 
changes in its position based on the output oflaser 221. 

The components that control the movement of the vehicle 

Radar 

60 may respond to instructions from computer system 130. For 
example, when engaged, computer system 130 may control 
some or all of components 150 so as to automatically steer, 
accelerate and decelerate a car. The data from the sensors Sensors 140 may further include various radar detection 

units 222, such as those used for adaptive cruise control 
systems. The radar detection units may be located on the front 65 

and back of the car as well as on either side of the front 
bumper. In addition to using radar to determine the relative 

permits the central control 130 to determine whether the 
vehicle's then-current direction or speed should be modified 
in response to the sensed environment. By way of example, if 
the vehicle is operating in a completely autonomous mode, 
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computer system 130 may command the vehicle to accelerate 
(e.g., by increasing fuel or other energy provided to the 
engine), decelerate (e.g., by decreasing the fuel supplied to 
the engine or by applying brakes) and change direction ( e.g., 
by turning the front two wheels). When provided with a 5 

destination, the computer may further select and navigate a 
route without further assistance of a person. 

In that regard, computer system 13 0 may maneuver the car 
in response to information from the sensors, such as using the 
external object detector 220 to avoid hitting external objects 10 

and using the data provided by geographic location compo­
nent 210 to avoid objects. For instance, if the computer deter­
mines that an object is obstructing the intended path of the 
vehicle, it may slow down and maneuver the vehicle around 15 
the obstruction. 

8 
whether the computer is partially or completely controlling 
the direction or speed of the car or both, whether there are any 
errors, etc. 
Method-Introduction 

In addition to the operations illustrated in FIG. 8, opera­
tions in accordance with system and method will now be 
described. Various operations can be handled in a different 
order or simultaneously, and each operation may be com­
posed of other operations. 
Maneuvering 

The vehicle may continuously use the sensor data to iden­
tify objects, such as traffic signals, people, other vehicles, and 
other objects, in order to autonomously maneuver the vehicle 
to a destination and reduce the likelihood of a collision. 
Vehicle 101 may use the data to determine how to move the 
vehicle (e.g., slowing down based on turns or traffic jams 
detected by other vehicles, taking an alternative route, or 
taking an evasive action to avoid an object such as a deer). The 
vehicle may use the map data or other information to deter-

The vehicle may also have various user input devices for 
activating or deactivating one or more autonomous driving 
modes. In some aspects, the driver may take control of the 
vehicle from the computer system by turning the steering 
wheel, pressing the accelerator or brakes, or otherwise oper­
ating a component that controls a function under the control 

20 mine where traffic signals or other objects should appear and 
take actions, for example, by signally turns or changing lanes. 
Mitigate Wear 

of the processor. 
User Input 

The vehicle may use the vehicle component sensors 230 to 
detect wear and other types of damage and use the environ-

FIG. 4 depicts an exemplary design of the interior of an 
autonomous vehicle. The autonomous vehicle may include 
all of the features of a non-autonomous vehicle, for example: 
a steering apparatus, such as steering wheel 31 O; a navigation 
display apparatus, such as navigation display 315; and a gear 
selector apparatus, such as gear shifter 320. 

25 mental sensors 209 to maneuver the vehicle 101 so as mitigate 
such damage. In the example of FIG. 5, vehicle 101 has 
detected the presence of, and its distance from, stop sign 510 
with the use of external object detector 220. Yet further, the 
computer system 130 has checked brake wear detector 233 

30 and determined that the brakes 153 are in good condition. 

As shown in FIGS. 1 and 3, the vehicle may include one or 
more user input devices 160 that enable a user to provide 
information to the computer system 130. A user, such as 
passenger 390, may input a destination (e.g., 123 Oak Street) 

35 
into the navigation system using touch screen 317 or button 
inputs 319. In another example, the computer system may 
extract the destination from a user's spoken command. User 
input devices 160 may also include other devices typically 
used with computer systems, including a keyboard, micro- 40 

phone, pointing device ( e.g., trackball or mouse) 
User Output 

The vehicle may also include a variety of devices 170 for 
communicating information to a user. For instance, the inte­
rior of vehicle 101 may include an electronic display 325 45 

( e.g., a monitor having a screen, a small LCD touch-screen or 
any other electrical device that is operable to display infor­
mation). It may further include a status indicating apparatus, 
such as status bar 330, to indicate the current status of vehicle 
101. In the example of FIG. 4, status bar 330 displays "D" and 50 

"2 mph" indicating that the vehicle is presently in drive mode 
and is moving at 2 miles per hour. In that regard, the vehicle 
may display text on an electronic display, illuminate portions 
of vehicle 101, or provide various other types of indications. 
In addition, the computer may also have external indicators 55 

which indicate whether, at the moment, a human or an auto­
mated system is in control of the vehicle, such indicators 
being readable by humans, other computers, or both. 

Among other things, display 325 may display other infor­
mation relating to the overall status of the vehicle, particular 60 

sensors or computer system 130. The display 325 may 
include computer generated images of the vehicle's sur­
roundings including, for example, the status of the computer, 
the vehicle itself, roadways, intersections, as well as other 
objects and information. Computer system 130 may further 65 

use visual or audible cues to indicate whether the computer 
system is obtaining valid data from the various sensors, 

Based on the foregoing, computer system 13 0 may determine 
that a comfortable braking distance is distance 530. FIG. 6 
addresses the same scenario, but this time the computer sys-
tem 130 has determined that the brakes 153 show evidence of 
excessive wear. As a result, in order to decrease the amount of 
wear that the brakes would normally experience, the com-
puter system 130 may determine that it should decrease its 
typical rate of deceleration, e.g., it may determine to brake 
over a longer distance 630 and apply less pressure to the 
brakes. The vehicle thus changes speed at a slower rate when 
wear is detected than it would under normal conditions. 

In that regard, the vehicle may compensate for damage to a 
vehicle component long after the damage has been detected. 
For instance, computer system 130 may have determined that 
the brakes were worn before the vehicle needed to brake and 
not change its driving behavior until it needed to brake again. 

Yet further, the system and method may issue instructions 
to some vehicle components that are not of the same type as 
the damaged component. For example, the computer system 
130 may determine based on map data 135 that it is about to 
descend a long hill with a stop sign at the bottom. If the brakes 
153 are suffering from excessive wear, the computer system 
may instruct the throttle 152 to provide less gas to the engine 
than it would under normal circumstance in order to minimize 
the speed attained by vehicle 101 and thus minimize the 
amount that the vehicle must brake in order to come to a safe 
stop at the bottom of the hill. In that regard, the system and 
method may compensate for damage to one type of compo­
nent by accessing location-specific traffic rule information 
and then changing the movement of the vehicle by issuing 
instructions to another type of component before the dam-
aged component is engaged. 

In one aspect, the system and method also relies on map­
related data in its process of determining maneuvers that will 
mitigate existing damage to a component. By way of example 
and as shown in FIG. 7, the vehicle may have determined its 
latitude/longitude position from GPS satellite 710 and, based 
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data types and configurations. The systems and methods may 
be provided and received at different times ( e.g., via different 
servers or databases) and by different entities ( e.g., some 
values may be pre-suggested or provided from different 

on the latitude/longitude location of stop signs stored in map 
data 135, calculated the distance 520 to the stop sign 510 and 
applied less brake pressure over a longer brake distance 630 
than it would have if the brakes were not worn. The processor 
may thus determine the geographic location of the vehicle, 
the geographic location of requirements that apply to 
vehicles, and maneuver the vehicle based on such informa­
tion so as to mitigate damage to the relevant component. 

5 sources). 

In addition to changing the way the vehicle brake, the 
vehicle may change the way it maneuvers in other ways as 10 

well, such as accelerating differently or changing directions. 
For instance, the vehicle may accelerate more slowly if the 
measured oil pressure is excessively high. The vehicle may 
also tum more or less tightly in order to mitigate wear. 

The vehicle may further issue a warning or repair recom- 15 

mendation to the user regarding the vehicle's change in driv-
ing behavior and the problem with the component. For 
example, the recommendation may be shown on display 325 
shown in FIG. 3. 
Indirect Damage Detection 

The vehicle may also use other systems and methods to 
determine the state of a vehicle component. For example, the 
vehicle may monitor how far it takes the car to stop compared 

20 

to expected braking distance. If the distance is longer than 
expected, such as taking longer than it has in the past, the 25 

computer system may determine that the brakes are worn and 
start braking earlier. The system and method may also esti­
mate the state of a component based on its repair service 
record. In that regard, the processor may query data 134 or an 
external database (e.g., a server with which the vehicle is in 30 

wireless communication) for repair records and estimate the 
wear on a component based on the length of time since the last 
repair. 
Other Factors Affecting Maneuvering 

The system and method may rely on other information to 35 

change the way the vehicle is maneuvered. For instance, the 
vehicle may sense weight distribution and adjust maneuver-
ing in response to the changes in the loading and/or weight 
distributions on the vehicle. The vehicle may further move 
differently when there is only one user in the vehicle than four 40 

passengers on board, or differently with light loads than with 
hauling a trailer behind. The vehicle may also adapt the driv-

As these and other variations and combinations of the 
features discussed above can be utilized without departing 
from the systems and methods as defined by the claims, the 
foregoing description of exemplary embodiments should be 
taken by way ofillustrationrather than by way oflimitation of 
the invention as defined by the claims. It will also be under­
stood that the provision of examples of the invention ( as well 
as clauses phrased as "such as," "e.g.", "including" and the 
like) should not be interpreted as limiting the invention to the 
specific examples; rather, the examples are intended to illus­
trate only some of many possible aspects. Unless expressly 
stated to the contrary, every feature in a given embodiment, 
alternative or example may be used in any other embodiment, 
alternative or example herein. 

The invention claimed is: 
1. A method of maneuvering a vehicle comprising: 
detecting a characteristic of an environment surrounding 

the vehicle; 
monitoring an actual braking distance of the vehicle; 
comparing, with a processor, the actual braking distance to 

an expected braking distance to determine an amount of 
brake wear of the vehicle, wherein increases in the 
amount of brake wear are affected by different maneu­
vers; and 

selecting, with the processor, between a first maneuver and 
a second maneuver based on the detected characteristic 
of the environment and the detected amount of brake 
wear, the second maneuver including an application of 
brake pressure at a level lesser than that of the first 
maneuver; and 

moving the vehicle in accordance with the selected maneu­
ver, 

wherein the first maneuver is selected when there is a first 
amount of brake wear and the second maneuver is 
selected when a second amount of brake wear is 
detected, the second amount being greater than the first 
amount. 

2. The method of claim 1 wherein the second maneuver ing to the observed environmental changes such as weather or 
roadway conditions. 

Modeling of the patterns of changes in the vehicle's per­
formance and conditions, as well as modeling of the patterns 
of changes in the driving environment, may be performed by 

includes employing a brake distance longer than a brake 
45 distance of the first maneuver. 

the autonomous driving computer system 130. Alternatively, 
predetermined models may be stored in the autonomous driv-
ing system. The computer system 130 may process the 50 

observed data, fit them into the models, and issue compensa­
tion signals accordingly. 
Self-Repair 

3. The method of claim 1 wherein detecting a characteristic 
of the environment comprises detecting an object external to 
the vehicle and maneuvering in response to the object. 

4. The method of claim 3 wherein the object is a stop sign. 
5. The method of claim 1 wherein detecting a characteristic 

of the environment comprises determining a traffic require­
ment. 

6. The method of claim 1 wherein the vehicle is moved 
autonomously in accordance with the selected maneuver in 
response to instructions from the processor. 

7. The method of claim 1, wherein the processor deter­
mines the amount of brake wear when the actual braking 
distance is longer than the expected braking distance. 

Yet further, the autonomous vehicle may take the steps 
necessary to repair a component. By way of example, when 55 

the vehicle 101 is not being used by anyone, the vehicle 101 
may autonomously and without direct human assistance navi­
gate to a repair facility, notify the facility of the component 
that requires repair and return to its original location when the 
repair is finished. 

8. The method of claim 1 further comprising moving the 
60 vehicle autonomously to a repair facility after the perfor­

mance of the maneuver. Not Limited to Examples 
It will be further understood that the sample values, types 

and configurations of data described and shown in the figures 
are for the purposes of illustration only. In that regard, sys­
tems and methods in accordance with aspects of the invention 65 

may include various types of sensors, communication 
devices, user interfaces, vehicle control systems, data values, 

9. A method of controlling a vehicle comprising: 
determining an amount of damage to a first component of 

the vehicle; 
determining a geographic position of the vehicle; and 
compensating, with a processor, for the amount of damage 

to the first component by: 
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accessing location-specific traffic rule information 
based on the geographic position of the vehicle; and 

changing movement of the vehicle, based on the geo­
graphic position and the location-specific traffic rule 
information, by issuing an instruction to a second 5 

component before the first component is engaged. 
10. The method of claim 9, wherein the geographic posi­

tion of the vehicle is determined based on traffic requirements 
at geographic locations and detecting the position of the 
vehicle. 10 

11. The method of claim 9, wherein the damage to the first 
component of the vehicle comprises brake wear. 

12. The method of claim 9, wherein the first component is 
a brake, and the second component is a throttle. 

13. The method of claim 12, wherein to compensate for 15 

damage to the brake, the processor issues the instruction to 
the throttle before the brake is engaged, and wherein the 
instruction includes a provision of energy to an engine of the 
vehicle at a lesser amount than if the amount of damage to the 
brake does not exceed a threshold. 20 

14. The method of claim 13, wherein the threshold is asso-
ciated with excessive wear of the brake. 

15. A method of controlling a vehicle comprising: 
determining wear on a component of the vehicle; 
determining a geographic position of the vehicle; 25 

determining traffic requirements in a path of the vehicle; 
selecting, with a processor, between a first and second 

maneuver based on the determined wear and the deter­
mined geographic position, wherein at least one differ­
ence between the first and second maneuver is selected 30 

from the group consisting of rate of acceleration, rate of 
deceleration and direction; 

moving the vehicle in accordance with the selected maneu­
ver; and 

12 
after moving the vehicle in accordance with the selected 

maneuver, determining whether passengers are present 
in the vehicle, and moving the vehicle to a repair facility 
under the control of the processor when passengers are 
not present in the vehicle. 

16. A system of controlling a movement of a vehicle com-
prising: 

a processor; 
a memory accessible by the processor; and 
instructions contained in the memory and executable by the 

processor, 
wherein the instructions comprise: 

determining a geographic location of the vehicle relative 
to a location-dependent vehicle movement restric­
tion, 

determining whether a first component of the vehicle is 
damaged, 

providing a first instruction to a second component of the 
vehicle to move the vehicle so as to comply with the 
location-dependent movement restriction when the 
first component is determined to be not damaged, and 

providing a second instruction to the second component 
to move the vehicle so as to comply with the location­
dependent movement restriction when the first com­
ponent is determined to be damaged, wherein the 
movement instructed by the second instruction is dif­
ferent than the movement instructed by the first 
instruction, and wherein the second instruction 
includes a provision of energy to an engine of the 
vehicle at a lesser amount than that of the first instruc­
tion. 

17. The system of claim 16, wherein the second component 
is a throttle. 

* * * * * 
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