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(57) Abstract: A driver assistance system is described that takes as input a number of different types of vehicle environment inputs
to provide driver assistance to a driver. To provide the assistance, the driver assistance system synthesizes the inputs. For objects in
the vehicle environment detected in the inputs, object risk values are determined by applying a set of rules to the objects. The object
risk values are aggregated by quadrant to generate a set of quadrant risk values. A driver assistance system of the vehicle is con -
trolled based on the quadrant risks.
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REAL TIME RISK ASSESSMENT FOR ADVANCED DRIVER

ASSIST SYSTEM

FIELD OF ART

[0001] The invention relates to driver assistance systems and more particularly to
automotive driver assistance systems and methods.

BACKGROUND
[0002] Driver assistance systems are control systems for vehicles that aim to increase
the comfort and safety of vehicle occupants. Driver assistance systems can, for
example, provide lane departure warnings, assist in lane keeping, provide collision
warnings, automatically adjust cruise control, and automate the vehicle in low speed
situations (e.g., traffic).
[0003] Due to the general tendency to provide occupants with new safety and comfort
functions, the complexity of modern vehicles has increased over time, and is expected
to increase further in the future. The addition of new driver assistance features adds
complexity to the operation of the vehicle. Since these driver assistance systems use
light, sound, and active vehicle control, they are necessarily intrusive into the driver’s
control of the vehicle. Consequently, new driver assistance systems take time for
drivers to learn. Drivers sometimes ignore or disable these systems rather than learn to
use them.

SUMMARY

[0004] A driver assistance system is described that takes as input a number of
different types of vehicle environment inputs to provide a number of different kinds
of driver assistance to a driver. To provide the assistance, the driver assistance system
synthesizes the inputs in such a way so as to improve the usability of the assistance
provided to the driver. Consequently, the driver assistance system is easier for new
drivers to learn to use, and thus less likely to be ignored or disabled.
[0005] In one embodiment, a driver assistance system is configured to receive a
plurality of vehicle environment inputs, the inputs comprising a position in two
dimensions for each of a plurality of objects located around a vehicle, each object
located in one of four quadrants surrounding the vehicle; determine an object risk

value for each of the objects by applying a set of rules to each of the objects;
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aggregate the object risk values by quadrant to generate a set of quadrant risk values
comprising a front risk value, a back risk value, a left risk value, and a right risk
value; and control the driver assistance system of the vehicle based on the quadrant
risks. Such a system may include an electronic control unity (ECU) including a
processor for performing the above steps. The system may also include a knowledge
base for storing the set of rules, where the knowledge base comprises a non-transitory
computer-readable storage medium. Methods for performing the above steps are also
described.
[0006] The features and advantages described in the specification are not all inclusive
and, in particular, many additional features and advantages will be apparent to one of
ordinary skill in the art in view of the drawings and specification. Moreover, it should
be noted that the language used in the specification has been principally selected for
readability and instructional purposes, and may not have been selected to delineate or
circumscribe the inventive subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] Figure (FIG.) 1 illustrates a vehicle environment, according to one
embodiment.
[0008] FIG. 2 is a block diagram illustrating components of a vehicle with respect to
a driver assistance system, according to one embodiment.
[0009] FIG. 3A is a block diagram illustrating a process for assisting a driver,
according to one embodiment.
[0010] FIG. 3B is a block diagram illustrating a process for determining risk values,
according to one embodiment.
[0011] FIG. 4 is a grid illustration of a vehicle environment, according to one
embodiment.
[0012] FIG. 5 illustrates input membership functions for evaluating the risk of an
object in the vehicle environment, according to one embodiment.
[0013] FIG. 6 illustrates risk membership functions for evaluating the risk of an
object in the vehicle environment, according to one embodiment.
[0014] FIG. 7 is a block diagram illustrating the analysis of the risks posed by objects

detected in the vehicle environment, according to one embodiment.
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[0015] FIG. 8 illustrates a vehicle environment and the quadrants into which object
risks are aggregated by the driver assistance system based on their location with
respect to the vehicle, according to one embodiment.
[0016] The figures depict various embodiments for purposes of illustration only. One
skilled in the art will readily recognize from the following discussion that alternative
embodiments of the structures and methods illustrated herein may be employed
without departing from the principles of the embodiments described herein.
DETAILED DESCRIPTION OF THE INVENTION
DRIVER ASSISTANCE SYSTEM OVERVIEW
[0017] FIG. 1 illustrates a vehicle environment 100, according to one embodiment.
The environment 100 surrounding a vehicle 110 includes objects 120 that are to be
avoided. The driver assistance system is configured to assist the driver of the vehicle
110 in navigating the vehicle environment 100 to avoid the objects. The exact
physical extent of the vehicle environment 100 around the vehicle may vary
depending upon the implementation.
[0018] Objects 120 sought to avoided include anything that can be present in the
driver’s path, for example, other vehicles, including cars, bicycles, motorcycles,
trucks, etc., pedestrians, animals trees, bushes, plantings, landscaping, road signs, and
stoplights. This list is intended to be exemplary, and is not considered to be
comprehensive. Generally, the driver assistance system is capable of assisting the
driver of a vehicle 110 in avoiding any physical object.
[0019] FIG. 2 is a block diagram illustrating components of the vehicle 110 with
respect to a driver assistance system, according to one embodiment. The vehicle
includes one more electronic control units (ECUs) 202, a knowledge base 204
including a set of rules for use with the driver assistance system, external 206 and
internal 208 sensors for collecting vehicle environment inputs for the driver assistance
system, and actuators 210 for controlling the vehicle based on the output of the driver
assistance system.
[0020] The sensors 206 and 208 collect input data regarding the environment
surrounding the vehicle 110. External sensors 206 include, for example, radio
detecting and ranging (RADAR) sensors for detecting the positions of nearby objects
120. Light detecting and ranging (LIDAR) may also be used in external sensors 206
in addition to or in place of RADAR. Both RADAR and LIDAR are capable of
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determining the position (in two dimensions, e.g., the X and Y directions) as well as
the distance between a sensed object 120 and the vehicle 110. Although RADAR and
LIDAR are provided as examples, other types of sensors may also be used to detect
the positions of nearby objects.

[0021] RADAR, cither alone or in combination with ECU 202 and knowledge base
204, can also provide semantic input information related to an object 120. For
example, RADAR may identify an object position as well as a location of lane
boundary markers. These inputs may be processed to provide as an input the lane in
which a particular object 120 is located. RADAR may also provide information
regarding the shape (e.g., physical extent, distance between different parts of the same
mass) of an object 120. Consequently, the shape information may be correlated with
information stored in the knowledge base 204 to identify the type of object 120 is
being sensed (e.g., pedestrian, vehicle, tree, bicycle, large truck, small truck etc.).
[0022] External sensors 206 may also include external cameras in the operating in the
visible or IR spectrums. External cameras may be used to determine the same or
additional information provided by RADAR, alone or in conjunction with the ECU
202 and knowledge base 204.

[0023] External sensors 206 may also include a global positioning system (GPS)
capable of determining and/or receiving the vehicle’s location on the earth (i.c., its
geographical position). External sensors 206 may include devices other than a GPS
capable of determining this information, for example the vehicle 110 may be
connected to a data or voice network capable of reporting the vehicle’s geographical
position to an appropriately configured sensor 206. For example, a portable phone
attached to a wireless network may provide geographical position information.

[0024] Based on the vehicle’s 110 geographical position, one or more
communications devices may be used to obtain information relevant to (i.e., local or
proximate to the vehicle’s location) including traffic information, road maps, local
weather information, vehicle to vehicle communications, or other information that is
related to otherwise impacts driving conditions. For example, ECU 202 may include
or be coupled to a wireless communication device that is wirelessly communicatively
coupled to an external voice or data network may be used to download this

information from a remote computing network located externally to the vehicle 110.
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[0025] Internal sensors 208 include velocity, acceleration, yaw, tilt, mass, force, and
other physical quantity sensors that detect the properties and movement of the vehicle
110 itself. In combination, internal sensors 208 and external sensors 206 allow the
ECU 202 to distinguish between changes to the vehicle vs. changes in the vehicle
environment due to external factors. For example, the velocity and/or acceleration of
an object 120 moving towards the vehicle 110 can be distinguished and separated
from the velocity and/or acceleration of the vehicle 110 towards the object 120.
[0026] Internal sensors 208 also include driver awareness sensors that detect whether
the driver is paying attention and/or what the driver is paying attention to. These
internal sensors 208 may include, for example, an eye gaze sensor for detecting a
direction of eye gaze and a drowsiness system for determining whether a driver is
drowsy or sleeping (e.g., using a camera). Internal sensors 208 may also include
weight or seatbelt sensors to detect the presence of the driver and passengers.

[0027] The external 206 and internal sensors 208 provide received information as
data inputs to the ECU 202 for use with the driver assistance system. The ECU is
configured to process the received inputs in real time according the driver assistance
system to generate four quadrant risks in real time indicating the current risk levels in
four quadrants (left, right, front, and back) surrounding the vehicle 110.

[0028] The ECU 202 is configured to draw upon a knowledge base 204 including a
set of rules for determining risk to the vehicle 110 posed by the objects 120 in the
vehicle’s environment detected by the sensors. The rules may be precompiled based
on the behavior that an expert driver of the vehicle 110 would undertake to reduce
harm to the vehicle 110 and its occupants. In one embodiment, the knowledge base
204 may be determined in advance and loaded into the vehicle 110 for later use. In
one embodiment, the knowledge base 204 may be tuned in advance or revised in the
field based on the vehicle’s configuration110 (e.g., racecar vs. truck vs. minivan) or
the driver’s driving history. Thus, the knowledge base 204 may not be fixed and may
be tuned to the patterns and experience of the driver.

[0029] The ECU 202 is configured to use the generated quadrant risks to control,
again in real time, the operation of one or more vehicle actuators 210. The vehicle
actuators 210 control various aspects of the vehicle 110. Vehicle actuators 210
include, for example, the vehicle’s throttle, brake, gearshift, steering, airbags, seatbelt

pre-tensioners, side impact warning system, situation aware lane departure warning
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system, lane keeping warning system, entertainment system (both visual and audio),
and a visual and/or audio display of the quadrant risk level. Responsive to one or
more inputs received by the ECU 202 and based on the quadrant risks generated by
the ECU 202, one or more of the vehicle’s actuators 210 may be activated to mitigate
risk to the vehicle 110 and its occupants.

[0030] For the situation aware lane departure warning system, the quadrant risk may
be used to dynamically adjust the amplitude of the warning provided by the warning
system. For example, if the vehicle drifts to the lane to its right and the right quadrant
risk is comparatively low, then the warning level provided by the warning system may
also be comparatively low. In contrast, if the vehicle drifts to the lane to its right and
the quadrant risk is comparatively high, then the warning level provided by the
warning system may also be comparatively high.

[0031] For the display of the quadrant risks, either an existing display may be used to
display the quadrant risk (e.g., some portion of the vehicle dashboard or a screen of
the audio/video system and/or on-board navigation system), or a separate display may
be added to the vehicle for this purpose. The quadrant risks may be displayed in
numerical format and/or in a color coded or visually distinguishing format.

[0032] In one implementation, the sensors 206 and 208, ECU, knowledge base 204
and actuators are configured to communicate using a bus system, for example using
the controller area network (CAN). In one implementation, the ECU 202 includes a
plurality of ECUs rather than being unified into a single ECU. The CAN bus allows
for exchange of data between the connected ECUSs. In one implementation, the
knowledge base 204 is stored in non-transitory computer readable storage medium.
The ECU 202 comprises a processor configured to operate on received inputs and on
data accessed from the knowledge base 204.

[0033] FIG. 3A is a block diagram illustrating a process for assisting a driver,
according to one embodiment. The driver assistance system receives 305, in real time,
a plurality of vehicle environment inputs through sensors 206 and 208. The driver
assistance system processes, in real time, the inputs using the set of rules from
knowledge base 204 to determine 310 a risk value for each object 120 in the
environment 100. The driver assistance system aggregates 315 the risk values into
quadrant risk values. The driver assistance system uses the quadrant risk values to

control 320 the actuators 210 on the vehicle.



WO 2014/130460 PCT/US2014/016945

[0034] FIG. 8 illustrates a vehicle environment 100 and the quadrants into which the
object risks are aggregated by the driver assistance system based on their location
with respect to the vehicle 110, according to one embodiment. The quadrant risk
values include a front risk 204F, a right risk 204R, a back/behind risk 204B, and a
left risk 204L. FIG. 8 further illustrates the quadrants the quadrant risks correspond to.
[0035] The front risk 20F is in a front quadrant including the area roughly in front of
the vehicle as well as some of the area off to the left or right in front of the vehicle.
The right risk 204R is in a right quadrant including the area to the right of the vehicle
as well as some of the area in front of or behind the right of the vehicle. The
back/behind risk 204B is in a back/behind quadrant including behind the vehicle, as
well as some of the area off to the left or right behind the vehicle. The left risk 204L is
in a left quadrant including the area of the left of the vehicle as well as some of the
arca in front of or behind the left of the vehicle.

DETERMINATION OF OBJECT RISK VALUES

[0036] As described above with respect to FIG. 3, the driver assistance system
processes the received inputs to determine 310 the risk posed by each object 120 in
the vehicle’s environment 110. In one implementation, the risk values are determined
310 using a set of rules from knowledge base 204 to determine risk values. The rules
are not a strict set of if-then rules, though they may be loosely phrased that way.
Rather, the rules comprise membership functions in which inputs may be at least
partial members of more than one input membership function at a time. The rules
correlate degree of membership in particular input membership functions with
particular risk membership functions to determine 310 the risk value of each object
120.

[0037] FIG. 3B describes a process for determining 310 risk value using the set of
rules from the knowledge base 204, according to one embodiment. Each rule includes
a set of inputs, a set of input membership functions, a set of risk membership
functions, and mappings between permutations of input membership functions and
risk membership functions. These concepts will be described further below.

[0038] Initially, the vehicle inputs received from the sensors 206 and 208 are mapped
311 to input membership functions. FIGs. 4-6 illustrates an example mapping 311 of
position inputs of an example object 120a relative to the vehicle 110 to input

membership functions from knowledge base 204, for the purpose of determining a
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risk value posed by the object 120a. In the example implementation of FIGs. 4-6, it is
assumed that only the X and Y axis position contributes to an object’s risk value. In
practice, many other inputs will contribute to the risk value, including at least some or
all of the inputs described above. Further, in the example of FIGs. 4-6 the risk posed
by object 120a is only determined with respect to one quadrant, however it is possible
for a single object 120a to generate a non-zero risk value in more than one quadrant at
a time.

[0039] FIG. 4 is a grid illustration 400 of a vehicle environment 100, according to one
embodiment. The grid 400 is illustrative of one way in which the vehicle environment
100 can be divided up into a series of membership functions. In the example
embodiment of FIG. 4, the grid lines 410 correspond to distances in either the X or Y
direction away from the vehicle 110. Note that in FIG. 4, the X and Y axes are not on
the same scale. Object 120a is located at position Xa, Ya, on the X and Y axes,
respectively.

[0040] FIG. 5 illustrates example input membership functions for the position input of
an object 120 relative to the vehicle 110.In this example, the X and Y position inputs
are considered to be separate inputs, although they need not be in different
embodiments. Generally, any input can be a member of more than one input
membership function. As described herein, membership of an input to a membership
function includes partial membership. In the example illustrated in FIG. 4, the
example object 120a has position inputs of Xa equal to -2.5 and Ya equal to 18. Items
(a) through (d) in FIG. 5 illustrate the different possible memberships of the example
Xa and Ya position inputs. For example, the Xa position input is a member of two
input measurement functions, illustrated in items (a) and (b) and highlighted in bold.
[0041] Particularly, item (a) illustrates the membership of the Xa position input in the
input membership function between -3 and 3 on the X axis. Item (b) illustrates the
membership of the Xa position input in the membership function between 0 and -6 on
the X axis. Item (c) illustrates the membership of the Ya position input in the
membership function covering positions greater than 10 on the Y axis. Item (d)
illustrates the membership of the Ya position input in the membership function
between 0 and 20 on the Y axis.

[0042] In the example of FIG. 5, each input membership function is illustrated as a

triangle. In general, any shape of function may be used for a membership function
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including, for example, a piece-wise linear function, a Gaussian distribution function,
a sigmoid function, a quadratic and/or cubic polynomial function, and a bell function.
[0043] Although illustrated as mostly identical, the input membership functions do
not need to be identical across different values of the input. Using the X position input
as an example, the membership functions may be different functions entirely further
out along the X axis from the vehicle 110, and/or may be shaped differently further
out along the X axis. The outermost position input membership functions in FIG. 5
illustrate this.

[0044] The extent to which an input is considered to be a member of an input
membership function is referred to as a degree of membership. The ECU 202
processes each input to determine a degree of membership for each input membership
function of which it is a partial member. The degree of membership an input has to an
input membership function is the point on a curve of an input membership function
that matches the input. Often, the degree of membership is a value between a limited
range, such as between 0 and 1, inclusive, though this is not necessarily the case. The
degree of membership is divorced by at least one step from the numerical value of the
input. For example, as above, the Xa position input of object 120a is -2.5. However as
illustrated in items (a) and (b), the degree of membership is 0.25 for the membership
function between -3 and 3 (item (a)), and is 0.75 for the membership function between
-6 and 0 (item (b)).

[0045] As part of the process of determining the risk value of an object, the various
inputs of a single rule are combined 312. To do this, the membership functions of
which the inputs are members are combined 312 based on their respective degrees of
membership using one or more combination logical operators. The logical operation/s
chosen for the combination 312 affects how the inputs, input membership functions,
and degrees of membership contribute to the risk value.

[0046] The logical operators are chosen from a superset of the Boolean logic
operators, referred to as the fuzzy logic operators. These include, for example, the
AND (the minimum of A and B, or min (A,B), or MIN), OR (the maximum of A and
B, or max (A,B), or MAX), and NOT (not A, or 1-A, or NOT) logical operators.
Other examples of logical operators include other logical operators that perform
intersections (or conjunctions), unions (or disjunctions), and complements. These

include triangular norm operators and union operators, each of which may have their
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own logical requirements regarding boundaries, monotonicity, commutativity, and
associativity.

[0047] In this example, the Xa and Ya position inputs are combined using the MIN
logical operation. The output of the combination logical operation is a discrete value.
As illustrated in FIG. 5, item (a) has a degree of membership of 0.25, item (b) has a
degree of membership of 0.75, item (¢) has a degree of membership of 0.75, and item
(d) has a degree of membership of 0.25.

[0048] As inputs may be members of several different input membership functions,
there are a number of different possible permutations for combining 312 the various
memberships of the various inputs. For example, FIG. 5 illustrates duplicates of items
(a) and (b) in order to illustrate the four different ways the position input’s
memberships can be permuted for combination 312.

[0049] Each possible permutation of input memberships corresponds with a risk
membership function. The risk membership functions and their associations with
permutations of input membership functions are stored in knowledge base 204. The
risk membership functions are associated with the risk values that are used to
determine the risk of an object 120. To determine risk values, the permutations of risk
membership functions of which the inputs are members are mapped 313 to their
corresponding risk membership functions. This mapping 313 can occur in parallel
with, or before or after the combination 312, as one does not depend on the other.
[0050] FIG. 6 illustrates a set of example risk membership functions, according to one
embodiment. The example risk membership functions of FIG. 6 map 313 to the input
membership functions illustrated in FIG. 5 of which the position inputs are members.
Particularly, item (e) illustrates the risk membership function mapping 313 to the
combination of items (a) and (c). That is, item (e) illustrates a risk membership
function mapping 313 to the permutation of the X-axis membership function between
-3 and 3 with the Y-axis membership function between 10 and above. The risk
membership function in item (¢) is a triangle function covering risk values between 2
and 6. Similarly, item (f) maps 313 to the permutation of items (b) and (c) and covers
risk values between 4 and 8, item (g) maps 313 to the permutation of items (b) and (d)
and covers risk values between 6 and 10, and item (h) maps 313 to the permutation of

items (a) and (d) and covers risk values between 4 and 8.
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[0051] More than one permutation of input membership functions may map to the
same risk membership function. For example, items (f) and (h) both map to the same
risk membership functions. This is expected, particularly, when more inputs are used
in the driver assistance system.

[0052] To determine the contribution of each of the risk membership functions to the
risk value for an object 120, an implication logical operation is performed 314 on
each risk membership function using the output of the combination logical operation
corresponding that risk membership function. In contrast to the combination logical
operation, the output of the implication logical operation is a modified (or adjusted)
risk membership function.

[0053] Examples of implication logical operations include the MIN function
described above, as well as a MAX(a,b) function that takes the maximum of a and b,
and probabilistic OR function which follows the form of PROBOR(a,b)=a+b—
(a)(b). Other functions may be used as well.

[0054] In this example, the MIN implication logical operation is used. Thus, the
output of the implication logical operation is the MIN of the result of the previously
determined combination and the risk membership function corresponding to that
permutation. In FIG. 6, the dashed lines represent the combination outcome that is
being compared against the corresponding risk membership function, and the hashed
areas represent the outcome of the implication logical operation 314 on the relevant
risk membership function.

[0055] For example, item (¢) is based on a combination of inputs where the MIN of
the combination was 0.25 (see FIG. 5). Thus, the dashed line is drawn at 0.25. The
relevant risk membership function in this example is the triangle that covers risks
between 2 and 6. The outcome of the implication logical operation 314 is an altered
risk membership function delineated by the hashed area of item (¢). Item (f) — (h)
illustrate the outcomes of the implication logical operation on the other possible
permutations introduced above.

[0056] Although not illustrated in FIGs. 5 and 6, some inputs may be considered
more important than others with respect to the each input’s respective contribution to
the risk value. To account for this contribution, the degrees of membership or the
outcomes of the combinations may be weighted before the implication logical

operation 314. For example, if the X position input were to be considered more
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important than the Y position input in the determination of the risk of an object 120a,
the outcome of the combination may be modified by multiplying it by a value greater
than one, or by adding a positive numerical constant prior to implication 314.

[0057] The adjusted risk membership functions are aggregated 315 using an
aggregation logical operation. The aggregation logical operation may be performed
using any logical operation described above, or more generally any commutative
logical operation, including, for example, a SUM function that sums the adjusted risk
membership functions, or a MAX function as described above. This example
illustrates aggregation using the MAX function. Item (i) illustrates the aggregated risk
membership functions from items (¢) — (h) above. The result of the aggregation 315
may either be another function or a single numerical value.

[0058] The risk value is determined 316 using an output logical operation and the
result of aggregation. The output logical operation may be any function including, for
example, a centroid function, a bisector function, a middle of maximum function (i.e.,
the average of the maximum value of the aggregation result), a largest of maximum
function, and a smallest of maximum function. In the example of FIG. 6, the centroid
function is used to determine a risk value of 6 for object 120a.

AGGREGATING OBJECT RISK VALUES BY QUADRANT

[0059] This process described above with respect to FIG. 3B and FIGS. 4-6 may be
repeated for other quadrants for the same object, for other objects 120 in the
environment 100, and is equally applicable to implementations using many more
inputs, including all inputs described above with respect to sensors 206 and 208.
[0060] FIG. 7 generalizes the process described in FIGs. 3-6. FIG. 7 is a block
diagram illustrating the analysis of the risks posed by objects 120 detected in the
vehicle environment 100, according to one embodiment. FIG. 7 illustrates a larger set
of example inputs than the prior example, including a type of object input, an X
position input, a Y position input, a forward time to collision (TTC) input, and a
lateral TTC input. The time to collision may be computed based on velocity and
acceleration inputs for the vehicle 110 and objects 120 from the sensors 206 and 208.
[0061] To determine 310 the risk values for the objects 120 detected in the
environment, the inputs are processed using a set of rules as described with respect to
FIGs. 3B-6 above. Although processing of inputs using rules is described rigorously

above, FIG. 7 illustrates example rules in a more semantic form. Each example rule
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illustrated in FIG. 7 describes an antecedent (e.g., “if”’) including a set of matching
conditions for the inputs (e.g., permutations of memberships functions the inputs are
members of to match that rule). Each rule also includes a consequent (e.g., “then”)
including a set of risk membership functions matching the permutation specified by
the antecedent. The logical operations described above may be specific to particular
rules or they may be shared between rules.

[0062] Once the risk values for objects 120 have been determined 310, the risk values
are aggregated 315 by quadrant to determine the quadrant risks 204. In one
embodiment, the rules specify which quadrant each object risk value contributes to. In
another embodiment, the quadrant an object risk value contributes to is determined by
its physical position (e.g., X axis and Y axis position) in relation to the vehicle 110.
[0063] The risk values for all objects 120 in a quadrant can be aggregated using a
variety of logical operations. In one embodiment, a quadrant risk value 204 may be
determined by summing the risk values of the objects 120 in that quadrant. In another
embodiment, the quadrant risk can be obtained by applying the aggregation logical
operation (315) (e.g., the MAX function) for the already-implicated (314) risk
membership functions for all objects 120 in the quadrant. The quadrant risk value
can be computed, for example, by taking the centroid (316) of the resulting
aggregated functions for all objects in the environment.

[0064] Quadrant risks may also be determined by simply Individual quadrant risk
values 204 may be normalized, for example based on the number of objects 120 in
that quadrant. Additionally, all four quadrant risk values 204 may be normalized, for
example based on the sum of all four quadrant risk values. In this way, object risk
values and quadrant risk values are all on the same bounded scale, such that relative
differences between risk values indicate different levels of risk to the vehicle 110 and
its occupants.

ADJUSTING RISK VALUES

[0065] Risk values may be adjusted based on inputs received by the vehicle 110
which are not directly tied to individual rules or objects 120, but which nevertheless
affect the risks posed to the vehicle 110. Object and quadrant risk values may be
adjusted in this manner by local inputs and/or by global inputs.

[0066] Local inputs are inputs affect individual object risk values differently. For

example, a direction of a driver’s attention such as a head direction input or an eye

13



WO 2014/130460 PCT/US2014/016945

gaze direction input may have been received from an internal sensor 208 indicating
that the driver’s is looking to the left at that instant in time. Consequently, the ECU
202 may alter the object risk values for objects on the right to be higher than they
would be otherwise, due to the driver’s lack of attention on that region. Similarly, the
ECU 202 may alter the object risk values for objects on the left to be lower than they
would be otherwise, in this case due to the driver’s known attention to that region.
[0067] In another embodiment, local inputs are incorporated into the object risk value
determination process described above with respect to FIGs. 3B-6 above.

[0068] Alternatively, rather than adjusting object risk values individually, local inputs
may be used to adjust the quadrant risk values instead. Using the example above of
eye gaze input indicating that the driver’s eyes are looking to the left, the ECU may
adjust the left quadrant risk value downward versus what it would be otherwise, and

may adjust the right quadrant risk upward versus what it would be otherwise.

[0069] Object and quadrant risks may also be adjusted based on global inputs that are
applied to all objects and/or quadrants equally. Global inputs affect all risk values
equally on the basis that they are expected to either negatively affect a driver’s ability
to react to risks in the vehicle environment 110, and/or negatively affect a driver’s
ability to mitigate the harm caused by those risks. Examples of global inputs include,
for example, weather, road conditions, time of day, driver drowsiness, seat belt
warnings, and the weight on each passenger seat. More specifically, poor weather
conditions (e.g., rain, fog, snow), hazardous road condition (e.g., wet roads, snow
covered roads, debris on the roadway, curvy roadway), nighttime or dusk, indications
that the driver is drowsy, and indications that one or more seatbelts are unbuckled
while the weight on those seats indicates a person is seated are all examples of global
inputs that increase risk values. Conversely, favorable weather conditions (e.g., dry
roads), favorable road conditions (e.g., straight roadway, no known hazards), daytime,
indications that the driver is not drowsy, and indications that all needed seatbelts are
strapped in are all examples of global inputs that reduce risk values.

[0070] Driver cognitive load is another example of a global input. Due to multi-
tasking, such as cell phone use, entering information in a car’s onboard navigation
system, adjusting thermostat, changing radio stations ,etc., the driver may be paying

attention to things other than the road. The ECU 202 may receive inputs regarding the
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driver’s cognitive load. For example, eye gaze input and inputs from vehicle
electronics may indicate the total time or frequency with which the driver’s attention
is diverted from the road. The ECU 202 may be configured to convert this into a
driver cognitive load input, which may in turn be used as a global input for
determining risk values.

[0071] As another example, in addition to using gaze direction (or driver head poze)
as a local input, gaze direction may also be used to determine the relative
attentiveness of the driver to the forward roadway. Driver attentiveness to the forward
roadway is a global input. With respect to driver gaze direction, merely glancing away
from the road does not necessarily imply a higher risk of accident. In contrast, brief
glances by the driver away from the forward roadway for the purpose of scanning the
driving environment are safe and actually decrease near-crash/crash risk. However,
long glances (e.g., two 2 seconds) increase near-crash/crash risk. In one embodiment,
gaze direction is combined with duration of gaze direction to determine the driver
attentiveness input. The driver attentiveness input may be described by a modulation
factor that is a function of the time duration that the driver is not attentive to the
forward roadway based on the gaze direction (or, alternatively, the head-pose
direction).

ADDITIONAL CONSIDERATIONS

[0072] Vehicles implementing embodiments of the present invention include at least
one computational unit, ¢.g., a processor having storage and/or memory capable of
storing computer program instructions that when executed by a processor perform
various functions described herein, the processor can be part of an electronic control
unit (ECU).

[0073] Reference in the specification to “one embodiment” or to “an embodiment”
means that a particular feature, structure, or characteristic described in connection
with the embodiments is included in at least one embodiment. The appearances of the
phrase “in one embodiment” or “an embodiment” in various places in the
specification are not necessarily all referring to the same embodiment.

[0074] Some portions of the detailed description that follows are presented in terms of
algorithms and symbolic representations of operations on data bits within a computer
memory. These algorithmic descriptions and representations are the means used by

those skilled in the data processing arts to most effectively convey the substance of
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their work to others skilled in the art. An algorithm is here, and generally, conceived
to be a self-consistent sequence of steps (instructions) leading to a desired result. The
steps are those requiring physical manipulations of physical quantities. Usually,
though not necessarily, these quantities take the form of electrical, magnetic or optical
signals capable of being stored, transferred, combined, compared and otherwise
manipulated. It is convenient at times, principally for reasons of common usage, to
refer to these signals as bits, values, elements, symbols, characters, terms, numbers, or
the like. Furthermore, it is also convenient at times, to refer to certain arrangements
of steps requiring physical manipulations or transformation of physical quantities or
representations of physical quantities as modules or code devices, without loss of
generality.

[0075] However, all of these and similar terms are to be associated with the
appropriate physical quantities and are merely convenient labels applied to these
quantities. Unless specifically stated otherwise as apparent from the following
discussion, it is appreciated that throughout the description, discussions utilizing
terms such as “processing” or “computing” or “calculating” or “determining” or the
like, refer to the action and processes of a computer system, or similar electronic
computing device (such as a specific computing machine), that manipulates and
transforms data represented as physical (electronic) quantities within the computer
system memories or registers or other such information storage, transmission or
display devices.

[0076] Certain aspects include process steps and instructions described herein in the
form of an algorithm. It should be noted that the process steps and instructions could
be embodied in software, firmware or hardware, and when embodied in software,
could be downloaded to reside on and be operated from different platforms used by a
variety of operating systems. An embodiment can also be in a computer program
product which can be executed on a computing system.

[0077] An embodiment also relates to an apparatus for performing the operations
herein. This apparatus may be specially constructed for the purposes, e.g., a specific
computer in a vehicle, or it may comprise a general-purpose computer selectively
activated or reconfigured by a computer program stored in the computer, which can
also be positioned in a vehicle. Such a computer program may be stored in a

computer readable storage medium, such as, but is not limited to, any type of disk
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including floppy disks, optical disks, CD-ROMs, magnetic-optical disks, read-only
memories (ROMs), random access memories (RAMs), EPROMs, EEPROMs,
magnetic or optical cards, application specific integrated circuits (ASICs), field
programmable gate arrays (FPGAs) or any type of media suitable for storing
electronic instructions, and each coupled to a computer system bus. Memory can
include any of the above and/or other devices that can store
information/data/programs. Furthermore, the computers referred to in the
specification may include a single processor or may be architectures employing
multiple processor designs for increased computing capability.

[0078] The algorithms and displays presented herein are not inherently related to any
particular computer or other apparatus. Various general-purpose systems may also be
used with programs in accordance with the teachings herein, or it may prove
convenient to construct more specialized apparatus to perform the method steps. The
structure for a variety of these systems will appear from the description above. In
addition, an embodiment is not described with reference to any particular
programming language. It will be appreciated that a variety of programming
languages may be used to implement the teachings as described herein, and any
references below to specific languages are provided for disclosure of enablement and
best mode.

[0079] In addition, the language used in the specification has been principally
selected for readability and instructional purposes, and may not have been selected to
delineate or circumscribe the inventive subject matter. Accordingly, the disclosure is
intended to be illustrative, but not limiting, of the scope of the embodiments.

[0080] While particular embodiments and applications have been illustrated and
described herein, it 1S to be understood that the embodiments are not limited to the
precise construction and components disclosed herein and that various modifications,
changes, and variations may be made in the arrangement, operation, and details of the
methods and apparatuses without departing from the spirit and scope of the

embodiments.
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What is claimed is:
1. A method comprising:
receiving a plurality of vehicle environment inputs, the inputs comprising a
position in two dimensions for each of a plurality of objects located
around a vehicle, each object located in one of four quadrants
surrounding the vehicle;
determining an object risk value for each of the objects by applying a set of
rules to each of the objects;
aggregating the object risk values by quadrant to generate a set of quadrant
risk values comprising a front risk value, a back risk value, a left risk
value, and a right risk value; and
controlling a driver assistance system of the vehicle based on the quadrant
risks.
2. The method of claim 1 wherein determining an object risk value for one of the
objects comprises:
determining a plurality of memberships by the vehicle environment inputs in a
plurality of input membership functions;
combining the memberships into a plurality of permutations of the input membership
functions;
mapping the permutations to a plurality of risk membership functions;
aggregating the risk membership functions;
determining the object risk value based on the aggregation.
3. The method of claim 1 wherein the object risk values and aggregate risk
values are all on a same bounded scale, wherein similar risk values correlate to similar
perceived risks to the vehicle.
4. The method of claim 1 wherein the set of rules comprises a knowledge base
predetermined based on behavior of an expert human driver.
5. The method of claim 1 wherein the vehicle environment inputs additionally
comprise a driver attentiveness input, and further comprising:
adjusting each quadrant risk value based on the driver attentiveness input.
6. The method of claim 5 wherein adjusting each quadrant risk value comprises
scaling each quadrant risk value upwards or downwards based on the applicability of

the driver attentiveness input to the quadrant in which the relevant object is located.
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7. The method of claim Swherein the driver attentiveness inputs is based on at
least one from the group consisting of a driver head pose, a driver eye gaze direction,
and a driver’s hand position.
8. The method of claim 1 wherein the vehicle environment inputs additionally
comprise a plurality of global environment inputs, and further comprising:
adjusting the quadrant risk values based on the global environmental inputs.
9. The method of claim 8 wherein adjusting the quadrant risk values comprises
scaling the quadrant risk values upwards or downwards together based on the global
environmental inputs.
10.  The method of claim 8 wherein the global environment inputs are include at
least two from group the group consisting of a local weather condition, a local traffic
condition, a time of day, a daylight indicator.
11.  The method of claim 1 wherein the quadrants surrounding the vehicle include
an arca in front of the vehicle, an area behind the vehicle, an area on a left side of the
vehicle, and an area on a right side of the vehicle.
12. The method of claim 1 wherein controlling the driver assistance system
comprises activating a lane change warning responsive at least one of the left and
right risks exceeding a threshold.
13.  The method of claim 1 wherein controlling the driver assistance system
comprises activating a blind spot warning responsive to at least one of the left and
right risks exceeding a threshold.
14.  The method of claim 1 wherein controlling the driver assistance system
comprises activating a collision warning responsive to at least one of the front and
back risks exceeding a threshold.
15.  The method of claim 1 wherein controlling the driver assistance system
comprises automatically braking the vehicle responsive to the front risk exceeding a
threshold.
16. A system comprising;:
a knowledge base comprising a non-transitory computer readable storage medium,
the knowledge base storing a set of rules;
an electronic control unit (ECU) comprising a processor and configured to:
receive a plurality of vehicle environment inputs, the inputs comprising a

position in two dimensions for each of a plurality of objects located
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around a vehicle, each object located in one of four quadrants
surrounding the vehicle;
determine an object risk value for each of the objects by applying the set of
rules to each of the objects;
aggregate the object risk values by quadrant to generate a set of quadrant
risk values comprising a front risk value, a back risk value, a left risk
value, and a right risk value; and
control a driver assistance system of the vehicle based on the quadrant
risks.
17.  The system of claim 1 wherein determining an object risk value for one of the
objects comprises:
determining a plurality of memberships by the vehicle environment inputs in a
plurality of input membership functions;
combining the memberships into a plurality of permutations of the input
membership functions;
mapping the permutations to a plurality of risk membership functions;
aggregating the risk membership functions;
determining the object risk value based on the aggregation.
18. The system of claim 1 wherein the object risk values and aggregate risk values
are all on a same bounded scale, wherein similar risk values correlate to similar
perceived risks to the vehicle.
19.  The system of claim 1 wherein the vehicle environment inputs additionally
comprise a driver attentiveness input, and further comprising:
adjusting each quadrant risk value based on the driver attentiveness input.
20.  The system of claim 1 wherein the vehicle environment inputs additionally
comprise a plurality of global environment inputs, and further comprising:

adjusting the quadrant risk values based on the global environmental inputs.
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