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SYSTEM AND METHOD FOR IDENTIFYING AND RESPONDING TO PASSENGER
INTEREST IN AUTONOMOUS VEHICLE EVENTS

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application is a non-provisional filing of, and claims benefit under 35 U.S.C.
§119(e) from, U.S. Provisional Patent Application Serial No. 62/328,080, entitled “System and
Method for Determining Driver Interest in Autonomous Vehicle Maneuvers and Presenting
Information Thereon,” filed April 27, 2016, the entirety of which is hereby incorporated herein by

reference.

BACKGROUND

[0002] Autonomously driven vehicles, such as self-driving cars, are expected to increase in
popularity in the coming years. One barrier to widespread acceptance of autonomous vehicles is a
lack of trust by users that users will be safe despite ceding vehicular control to a computing system.

It will continue to be important that users develop trust in these vehicles.

SUMMARY

[0003] Systems and methods are disclosed herein to determine passenger interest in an
autonomous vehicle driving event and to present relevant information. Herein, the term
“passenger” identifies a passenger in the vehicle. For example, the passenger may be the “driver”
(person in charge of operating the autonomous vehicle and driving the autonomous vehicle if there
is a manual mode available). Alternatively, the passenger may be someone else besides the
“driver” in the autonomous vehicle. Among other problems, the systems and methods of the
present disclosure address the problem of a passenger receiving too much information from an
autonomous vehicle, much of which may not be of interest to the passenger. Moreover, the present
systems and methods monitor passenger interest and attentiveness, detect abnormal driving events
that are of interest to the passenger, and identify and present vehicle-sensor data to the passenger
in a manner that quickly informs the passenger regarding a recent driving event of the autonomous
vehicle. In addition, autonomous vehicles may be switchable between an autonomous driving
mode and a manual driving mode. Transitions from autonomous to human driving call for a
transition period to bring the user back into full vehicle control engagement and situational

awareness.

[0004] Exemplary systems and methods involve (i) a passenger’s observed response being
matched to a prior driving event of an autonomous vehicle, and (i1) information recorded prior to
the matched driving event being selected and presented to the passenger. Exemplary embodiments

thus operate to determine whether the passenger’s response was likely triggered by an abnormal
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driving event then to select information relevant to that event, for example creating a media

presentation based on the passenger’s anticipated interest.

[0005] One embodiment takes the form of a method for identifying and displaying driving-
relevant information to a passenger, including (a) continually recording driving events as well as
sensor data (including images) collected while the vehicle is operating, (b) identifying two
correlated situations: an abnormal driving event and the passenger’s spike in interest in that event
including (i) identifying a driving event that would be noticeable to a passenger (e.g., a sufficiently
high acceleration or deceleration, swerve, sharp turn, and sudden lane change), (ii) identifying a
change in the passenger’s attentiveness of a sufficiently large magnitude, including posture, facial
indications of emotion, gaze direction, physiological state (e.g., heart rate), and (iii) identifying
the co-occurrence of these with the event occurring slightly prior (e.g. within one second) to the
passenger’s change in attentiveness, (¢) determining whether the abnormal event is among the
predetermined set of events, (d) determining the sensor data recorded immediately prior to the
abnormal event and pertaining to the abnormal event, and (e) presenting the sensor data in suitable

form, e.g., as images or graphs.

[0006] In at least one embodiment, a method includes maintaining driving-event data with
respect to operation of an autonomous vehicle, maintaining passenger-attentiveness data reflecting
a degree of passenger attentiveness with respect to the operation of the autonomous vehicle,
making a passenger-explanation determination at least in part by determining (i) that the driving-
event data indicates that an abnormal driving event occurred at a first time, (i1) that the passenger-
attentiveness data indicates that a spike in passenger attentiveness occurred at a second time, and
(111) that the second time is less than a threshold time delta after the first time, and responsive to
making the passenger-explanation determination, presenting via a user interface of the autonomous
vehicle, a contemporaneous subset of the maintained driving-event data, the contemporaneous

subset being associated with the abnormal driving event.
BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 depicts a circumplex model of emotions.

[0008] FIG. 2 is a functional block diagram of an exemplary system architecture, in

accordance with some embodiments.

[0009] FIG. 3 is a schematic illustration of a map view displayed in some embodiments on a

vehicle dashboard display during normal driving conditions.
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[0010] FIG. 4 is a schematic illustration of a map view displayed in some embodiments on a
vehicle dashboard display after detection of an abnormal driving event caused, for example, by an

animal in the road.

[0011] FIG. 5 is a schematic illustration of a map view displayed in some embodiments on a
vehicle dashboard display after detection of an abnormal driving event caused, for example, by icy

driving conditions.

[0012] FIG. 6 is a schematic illustration of a map view displayed in some embodiments on a
vehicle dashboard display after detection of an abnormal driving event caused, for example, by a

vehicle entering an intersection.
[0013] FIG. 7 is a flowchart of a method, in accordance with some embodiments.

[0014] FIG. 8 illustrates an exemplary wireless transmit/receive unit (WTRU) that may be

employed as a vehicular computing system in some embodiments.

DETAILED DESCRIPTION

[0015] Systems and methods are disclosed herein to determine passenger interest in
autonomous vehicle driving events and present relevant information. Among other aspects, the
present systems and methods relate to improvements to user interfaces to reduce the cognitive
overload on a passenger. The present systems and methods provide an approach that (1) gauges a
passenger’s attentiveness with respect to operation of an autonomous vehicle on an ongoing basis;
(2) determines the abnormal driving events that provoke a spike in passenger attentiveness; (3)
determines sensor data relevant to those events; and (4) presents such data to the passenger. At
least one benefit of the system is in improving passenger experience by bringing forth relevant
information that serves to explain abnormal driving events of the autonomous vehicle. In this
manner, the system helps to enhance trust in an autonomous vehicle and can help to improve

passenger acceptance of autonomous vehicles.

[0016] Emerging self-driving (including assisted-driving) vehicles create special challenges
for passenger interfaces. One potential existing solution is to provide a large amount of information
on the available displays. This, however, may lead to passengers being overwhelmed with
information. Whereas a traditional vehicle’s human passenger may monitor the road and an
instrument panel, in the case of self-driving vehicles, the passenger may also monitor a display
showing some combination of an aerial view, various dynamically changing graphs, and various

augmented views in the windshield.
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[0017] One difficulty with the strategy of displaying a large amount of information is that it

contributes to the problem by overloading the passenger with information that is mostly irrelevant
to the passenger much of the time. Traditionally, vehicles do present data such as speed and fuel
available. However, this information is not related to the driving as such and is not presented in

response to an implicit expression of a passenger’s interest.

[0018] The present systems and methods select a contemporaneous set of maintained driving-
event data to present to a passenger based on what would be relevant in the particular situation.
The present systems and methods track the autonomous vehicle’s driving on a continual basis.
Any change in the autonomous vehicle’s driving corresponds to the autonomous vehicle’s driving
event, e.g., accelerating, braking, changing lanes, swerving around an object, sounding a horn, and
so on. Whenever any of a predetermined set of changes occur in the autonomous vehicle’s driving,
the vehicle identifies facts relevant to that change—that is, contributing factors in the abnormal
driving event. The autonomous vehicle may then display these contributing facts as a

contemporaneous subset of driving-event data to serve as an explanation of the change.

[0019] The present systems and methods determine that the change is relevant based on the
passenger’s reaction to the change. Exemplary techniques that may be employed to detect a
passenger’s reaction include techniques for using facial expressions, gaze direction, and facial
flushing to determine a person’s level of alertness, direction of attention, and emotional status, as
described in Olderbak et al., “Psychometric challenges and proposed solutions when scoring facial
emotion expression codes,” Behavioral Research Methods, 2014; 46(4): 992-1006. Additional
techniques that may be employed to determine a passenger’s level of attention are those described
in European Patent Application Publication No. EP 1843591 Al, entitled “Intelligent media
content playing device with passenger attention detection, corresponding method and carrier

medinm.”

[0020] FIG. 1 depicts a circumplex model of emotions. In particular, FIG. 1 depicts Russell’s
circumplex model of emotions as described in James A. Russell, A Circumplex Model of Affect,
Journal of Personality and Social Psychology, 39(6):1161-1178, 1980. This model represents an
emotional reaction as a pair of dimensions (arousal and valence). Each dimension may range from
-1 to +1 (or across some other selected range). In the model of FIG. 1, sleepy is O on the X-axis
(valence) and -1 on the Y-axis (arousal). Similarly, alarmed is -0.1 on the X-axis and 0.95 on the
Y-axis. Some embodiments employ posture recognition, which may be performed using cameras

or other sensors.

[0021] FIG. 2 is a functional block diagram of an exemplary architecture of a passenger alert

system, in accordance with some embodiments. As shown, FIG. 2 depicts the components of a
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system comprising passenger sensors 202, a Passenger Attentiveness Estimation Module 204, an
Abnormal Event Detection Module 206, a Vehicle State Estimation Module 208, a Vehicle Sensor
Log 210, a Presentation Controller 212, and a display 214.

[0022] The Passenger Attentiveness Estimation Module 204 receives input from various
passenger sensors 202 to maintain passenger-attentiveness data reflecting a degree of the
passenger’s attentiveness with respect to the operation of the autonomous vehicle. The passenger’s
attentiveness may include factors such as the passenger’s emotional state, attitude, wakefulness,
attention, and engagement. In particular, the Passenger Attentiveness Estimation Module 204
determines if there is a sufficiently rapid change in the passenger’s attentiveness to the operation
of the autonomous vehicle. For example, the Passenger Attentiveness Estimation Module 204 may
determine if the passenger wakes up, looks up sharply from his or her reading, turns around from
a conversation with a second passenger, appears startled, proclaims a vocal response, among

others.

[0023] The Vehicle State Estimation Module 208 receives input from various vehicle sensors
(not shown) to maintain driving-event data with respect to operation of the autonomous vehicle to
determine if the vehicle has a sufficiently large change in state elements that would be noticeable
to a passenger. These elements include acceleration or deceleration, swerving, lane changes, noise

increase or reduction, and so on.

[0024] The Abnormal Event Detection Module 206 receives the passenger-attentiveness data
from the Passenger Attentiveness Estimation Module 204 and the driving-event data from the
Vehicle State Estimation Module 208 on a continual basis. The Abnormal Event Detection Module
206 may make a passenger-explanation determination by determining (i) that the driving-event
data indicates that an abnormal driving event occurred at a first time, (i1) that the passenger-
attentiveness indicates that a spike in passenger attentiveness occurred at a second time, and (iii)
that the second time is less than a threshold time delta after the first time. In some embodiments,
the Abnormal Event Detection Module 206 may determine whether the change in the passenger’s
attentiveness at the second time occurred within a short period (e.g. corresponding to a human
reaction time of approximately 1 second) of the occurrence of the abnormal driving event at the
first time. In response to making the passenger-explanation determination, the Abnormal Event
Detection Module 206 determines what instructions to send to the Presentation Controller 212
based on the nature of the abnormal event it detects and based on the available and relevant sensor

data.

[0025] The Presentation Controller 212 provides a contemporaneous set of driving-event data

to the display 214 to display the appropriate sensor data to the passenger. The Presentation
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Controller 212 preferably displays the contemporaneous set of driving-event data for a sufficient
period of time such that the passenger can process the displayed data. The Presentation Controller
212 also ensures that the display is sufficiently current to remain relevant. In an exemplary
embodiment, the Presentation Controller 212 presents the data for about 10 seconds. In some
embodiments, the contemporaneous set of driving-event data corresponds to driving-event data
from before the time corresponding to the abnormal driving event occurring up to the time

corresponding to the spike in passenger attentiveness.

[0026] Identifying an abnormal driving event that would be noticeable to a passenger (e.g., a
sufficiently high acceleration or deceleration, swerve, sharp turn, and sudden lane change) may be
performed using a set of selected relevant parameters of the vehicle state and for each selected
parameter, a rate of change threshold. In an embodiment, for deceleration, the relevant parameter

is the speed of the vehicle and the rate of change threshold may be 25 ft/s.

[0027] Identifying a change of degree in the passenger’s attentiveness with respect to the
operation of the autonomous vehicle of a sufficiently large magnitude, including posture, facial
indications of emotion, gaze direction, physiological state (e.g., heart rate) includes assuming the
surprise (or startle) response of a passenger may be determined automatically using techniques
such as those employed by, for example, the FACET 2.1 software development kit from Emotient
for detecting emotion using video images of a subject, as described in the Emotient press release
“Emotient Launches New Software Development Kit for Real-Time Emotion Recognition” PR

Newswire, Dec. 12, 2013.

[0028] In some embodiments, the determination of a change in passenger attentiveness is
represented, using Russell’s model. Passenger attentiveness may be determined based on a
passenger’s attitude, which in Russell’s model is represented as a pair of two dimensions (arousal

and valence).

[0029] In some embodiments, determining that a passenger experiences a spike in
attentiveness includes computing a score according to Russell’s model. In some embodiments, the
computed score is the sum of the following scores and if the score is 1 or greater, then consider

that as being of a sufficient magnitude:
a. The net change in the arousal value, Y-axis in Russell’s model, positive or negative.
b. The net change in the valence value X-axis in Russell’s model, positive or negative.

c. Change in the passenger’s posture where sleeping or relaxed is 0 and concentrating

and sitting up is 1.
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d. Change in the passenger’s gaze, where not gazing at vehicle or road is 0, looking

at the vehicle is 0.5, and gazing at the road in the front is 1.
e. Ifthere is a sudden head movement, then 0.5.
f If there is a loud exclamation by the passenger (e.g., “Whoa”), then 0.5.

[0030] The computed score may be used to identify a spike in passenger attentiveness, and
thus to determine whether to display information regarding an abnormal driving event. For
example, if the change in passenger’s attentiveness is of magnitude 1 or greater, and occurs within
1 second of an abnormal driving event, then a contemporaneous set of information gathered from

the vehicle sensors regarding the abnormal driving event may be displayed to the passenger.

[0031] If the system were to display all the information all the time, the system would
potentially overwhelm the passenger, and the passenger would simply tune it out. Therefore, taking
the passenger’s interest into account may be helpful. In addition, by detecting the passenger’s
interest dynamically, embodiments disclosed herein operate to identify an abnormal event and to

provide information that reassures the passenger that the abnormal event was justified.

[0032] Some advantages for the system may include (a) reducing a passenger’s cognitive
overload, (b) providing a passenger with the most relevant information at the right time, and (¢)

enhancing a passenger’s trust in an autonomous vehicle.

[0033] In some embodiments, an autonomous vehicle is equipped with a heads-up display.
The heads-up display may, for example provide an overlay view indicating where the autonomous
vehicle is headed. The overlay may highlight the road ahead of the vehicle. The heads-up display
may also display an aggregate safety score, e.g. a score from 0-100. A high score (e.g. near 100)
may indicate that the autonomous vehicle has a high level of confidence (e.g. its sensor readings
are reliable, consistent with one another, and do not indicate any elevated risks) and the passenger

has no need for concern.

[0034] FIG. 3 illustrates an exemplary map display 300, which may for example be provided
on a dashboard display or other interior display of an autonomous vehicle. The map display of
FIG. 3 corresponds to an ordinary driving condition, e.g. where no abnormal driving event has
occurred. The dashboard map display may highlight the important roads (e.g. the roads along a
route being navigated by the autonomous vehicle shown as vehicle 302). In response to making a
passenger-explanation determination, the system may determine contemporaneous subsets of
driving-event data for display on the heads-up display. Several examples of the identifying the

contemporaneous subsets are given below.
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[0035] In an exemplary scenario, the autonomous vehicle may have to brake suddenly, and the
passenger looks up. In at least one embodiment, the system makes a passenger-explanation
determination by determining both (i) that the passenger has a spike in attentiveness with respect
to the driving of the autonomous vehicle and (i1) that an abnormal driving event occurred to which
the passenger’s attentiveness may be attributed. The system changes the dashboard display to show
a map with an indication of where the abnormal driving event occurred as well as an image or

video (or other key data) describing what led to that event, as shown in FIGs. 4-6.

[0036] FIG. 4 illustrates an exemplary map display 400 under conditions in which an abnormal
driving event has been detected. In the example of FIG. 4, an icon 404 (e.g. an exclamation point)
may be used to indicate the location on the map at which the abnormal driving event occurred. The
map display further provides a contemporaneous subset of the driving-event data indicating the
cause of the event. For example, in the example of FIG. 4, the autonomous vehicle 402 may have
swerved suddenly, and the map display includes an image 406 of an obstacle that caused the
vehicle to swerve (e.g. a deer). In such an embodiment, the image 406 may be obtained via sensors

and/or cameras disposed on the vehicle.

[0037] FIG. 5 illustrates another exemplary map display 500 under conditions in which an
abnormal driving event has been detected. In the example of FIG. 5, an icon 504 may be used to
indicate the location on the map at which the abnormal event occurred. The map display further
includes a contemporaneous subset of the driving-event data indicating the cause of the event. In
the example of FIG. 5, the autonomous vehicle 502 may have begun operating at an abnormally
low speed (e.g. at a speed less than 80% of the posted speed limit) or may be maintaining an
abnormally large gap with the vehicle ahead (e.g. a 4-second gap rather than a 2-second gap), and
the map display may indicate 506 that the cause of the abnormally low speed is icy road conditions.
In such an embodiment, the vehicle may have knowledge of speed limits for a certain road, and
may determine that the vehicle is traveling more than 80% below the speed limit. Alternatively,
the vehicle may be equipped with depth sensors to determine that the vehicle is maintaining an

unusually large distance with respect to the vehicle ahead.

[0038] FIG. 6 illustrates a further exemplary map display 600 under conditions in which an
abnormal driving event has been detected. In the example of FIG. 6, an icon 604 may be used to
indicate the location on the map at which the abnormal event occurred. The map display further
includes a contemporaneous subset of the driving-event data indicating the cause of the event. For
example, in the example of FIG. 6, the autonomous vehicle 602 may have braked suddenly because
the vehicle detected a risk that another vehicle would enter the intersection. In this example, the

contemporaneous subset of driving-event data takes the form of a video 606 has been recorded
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using a forward-facing camera of the vehicle. A passenger in the autonomous vehicle may have
the opportunity to select playback of the video 606. In some embodiments, playback may be
initiated by pressing a triangular “play” icon on a touch screen. The video associated with the
abnormal driving event may be automatically limited to, for example, a period running from two
seconds before the abnormal event to two seconds after the abnormal event. Other time periods

may be used as well.

[0039] In at least one embodiment, the system responds to an emotional reaction of any

passengers in the vehicle.

[0040] In one embodiment, the system provides a contemporaneous subset of driving-event
data using data from sensors other than video cameras where appropriate. For example, the system
may show some sensor reading indicating black ice, which may not necessarily be captured by a

camera.

[0041] In one embodiment, the system automatically adjusts to passenger responses. For
example, if passenger interest is not detected in response to an abnormal driving event, then a
threshold for considering an event of that type to be “abnormal” may be raised. For example, if
the passenger does not exhibit a response when the vehicle decelerates at a rate of 0.2g, then a
threshold for abnormal deceleration may be raised to 2.1g, for example. Similarly, if the passenger
does not exhibit a response when the vehicle turns with a lateral acceleration of 0.1g, then a

threshold for abnormal turning may be raised to 1.1g, for example.

Exemplary Embodiment Use Case: Passenger Reading.

[0042] In an exemplary use case, a passenger is driving in an autonomous vehicle. (S)he is
comfortable and begins to read notes for an upcoming presentation on a handheld device.
Suddenly, the autonomous vehicle brakes. The passenger looks up with a surprised look but sees
nothing. In this scenario, the passenger would be confused as to what happened. (S)he would
wonder whether the autonomous vehicle braked for an actual reason or whether there was a subtle

malfunction.

[0043] In at least one embodiment, the system recognizes the passenger’s sudden change in
posture, e.g., his/her head has moved up. The system also recognizes that his/her face shows a
different expression from his/her previous more neutral expression, indicating that the passenger
may have been startled by some event. The system determines that the autonomous vehicle
demonstrated a behavior in the moments leading up to the passenger’s visible reaction. The vehicle
had braked suddenly one second before the passenger looked up. The system identifies a

contemporaneous set of data from the maintained driving event data that had been recorded in a
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time interval before the braking event. This contemporaneous set of data includes a video stream
showing an object in front along with a proximity sensor showing the distance to that object. The
system presents the video stream and a graph of the proximity sensor on a map-like aerial view of
where it braked. The video stream shows a deer darting across the roadway at high speed. The deer
may have been gone by the time the passenger looked up but seeing the video makes it clear to the
passenger as to why the autonomous vehicle had to brake suddenly. The system thereby helps

enhance a passenger’s trust in the decision making of the autonomous vehicle.

[0044] FIG. 7 is a flowchart of a method 700, in accordance with some embodiments. As
shown, method 700 includes maintaining driving-event data with respect to operation of an
autonomous vehicle (AV) at step 702. Further, at step 704 passenger-attentiveness data is
maintained reflecting a degree of passenger attentiveness with respect to the operation of the AV.
A passenger-explanation determination is made at least in part by determining that the driving-
event data indicates that an abnormal driving event occurred at a first time at step 706 and
determining that the passenger-attentiveness data indicates that a spike in passenger attentiveness
occurred at a second time at step 708. At step 710, the method determines that the second time is
less than a threshold time delta after the first time. In response to making the passenger-explanation
determination, a contemporaneous subset of the maintained driving-event data is presented 712
via a user interface of the AV, the contemporaneous subset associated with the abnormal driving-

event.

[0045] In some embodiments, the occurrence of the abnormal driving event is determined by
identifying at least one change-in-state indication from the driving-event data. In such
embodiments, the change-in-state indication represents a change in vehicle velocity, a change in
vehicle direction, a change in vehicle audible output, or a combination. In some embodiments, the
method determines if the change-in-state indication exceeds a corresponding change-rate threshold

to identify the at least one change-in-state indication.

[0046] In some embodiments, the contemporaneous subset of the maintained driving-event
data comprises driving-event data corresponding to a time frame prior to the first time up to the

second time.

[0047] In some embodiments, determining the spike in passenger attentiveness includes
identifying a change-in-state of the degree of passenger attentiveness above a change-rate
threshold. In such embodiments, the change-in-state of the degree of passenger attentiveness
includes one or more of posture, facial indications of emotion, gaze direction, voice, and

physiological state.
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[0048] In some embodiments, the passenger-attentiveness data indicating a spike in passenger
attentiveness is determined in response to determining an abnormal driving event occurred.
Alternatively, the abnormal driving event is determined in response to determining that passenger-

attentiveness data indicates a spike in passenger attentiveness.

[0049] Note that various hardware elements of one or more of the described embodiments are
referred to as “modules” that carry out (i.e., perform, execute, and the like) various functions that
are described herein in connection with the respective modules. As used herein, a module includes
hardware (e.g., one or more processors, one Or MmOre mMmiCroprocessors, one Or more
microcontrollers, one or more microchips, one or more application-specific integrated circuits
(ASICs), one or more field programmable gate arrays (FPGAs), one or more memory devices)
deemed suitable by those of skill in the relevant art for a given implementation. Each described
module may also include instructions executable for carrying out the one or more functions
described as being carried out by the respective module, and it is noted that those instructions
could take the form of or include hardware (i.e., hardwired) instructions, firmware instructions,
software instructions, and/or the like, and may be stored in any suitable non-transitory computer-

readable medium or media, such as commonly referred to as RAM, ROM, etc.

[0050] FIG. 8 is a system diagram of an exemplary WTRU 802, which may be employed as a
vehicular computing system in embodiments described herein. As shown in FIG. 8, the WTRU
802 may include a processor 818, a communication interface 819 including a transceiver 820, a
transmit/receive element 822, a speaker/microphone 824, a keypad 826, a display/touchpad 828, a
non-removable memory 830, a removable memory 832, a power source 834, a global positioning
system (GPS) chipset 836, and sensors 838. It will be appreciated that the WTRU 802 may include

any sub-combination of the foregoing elements while remaining consistent with an embodiment.

[0051] The processor 818 may be a general purpose processor, a special purpose processor, a
conventional processor, a digital signal processor (DSP), a plurality of microprocessors, one or
more microprocessors in association with a DSP core, a controller, a microcontroller, Application
Specific Integrated Circuits (ASICs), Field Programmable Gate Array (FPGAs) circuits, any other
type of integrated circuit (IC), a state machine, and the like. The processor 818 may perform signal
coding, data processing, power control, input/output processing, and/or any other functionality that
enables the WTRU 802 to operate in a wireless environment. The processor 818 may be coupled
to the transceiver 820, which may be coupled to the transmit/receive element 822. While FIG. 8
depicts the processor 818 and the transceiver 820 as separate components, it will be appreciated
that the processor 818 and the transceiver 820 may be integrated together in an electronic package

or chip.
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[0052] The transmit/receive element 822 may be configured to transmit signals to, or receive
signals from, a base station over the air interface 816. For example, in one embodiment, the
transmit/receive element 822 may be an antenna configured to transmit and/or receive RF signals.
In another embodiment, the transmit/receive element 822 may be an emitter/detector configured
to transmit and/or receive IR, UV, or visible light signals, as examples. In yet another embodiment,
the transmit/receive element 822 may be configured to transmit and receive both RF and light
signals. It will be appreciated that the transmit/receive element 822 may be configured to transmit

and/or receive any combination of wireless signals.

[0053] In addition, although the transmit/receive element 822 is depicted in FIG. 8 as a single
element, the WTRU 802 may include any number of transmit/receive elements 822. More
specifically, the WTRU 802 may employ MIMO technology. Thus, in one embodiment, the
WTRU 802 may include two or more transmit/receive elements 822 (e.g., multiple antennas) for

transmitting and receiving wireless signals over the air interface 816.

[0054] The transceiver 820 may be configured to modulate the signals that are to be
transmitted by the transmit/receive element 822 and to demodulate the signals that are received by
the transmit/receive element 822. As noted above, the WTRU 802 may have multi-mode
capabilities. Thus, the transceiver 820 may include multiple transceivers for enabling the WTRU

802 to communicate via multiple RATs, such as UTRA and IEEE 802.11, as examples.

[0055] The processor 818 of the WTRU 802 may be coupled to, and may receive user input
data from, the speaker/microphone 824, the keypad 826, and/or the display/touchpad 828 (e.g., a
liquid crystal display (LCD) display unit or organic light-emitting diode (OLED) display unit).
The processor 818 may also output user data to the speaker/microphone 824, the keypad 826,
and/or the display/touchpad 828. In addition, the processor 818 may access information from, and
store data in, any type of suitable memory, such as the non-removable memory 830 and/or the
removable memory 832. The non-removable memory 830 may include random-access memory
(RAM), read-only memory (ROM), a hard disk, or any other type of memory storage device. The
removable memory 832 may include a subscriber identity module (SIM) card, a memory stick, a
secure digital (SD) memory card, and the like. In other embodiments, the processor 818 may access
information from, and store data in, memory that is not physically located on the WTRU 802, such

as on a server or a home computer (not shown).

[0056] The processor 818 may receive power from the power source 834, and may be
configured to distribute and/or control the power to the other components in the WTRU 802. The
power source 834 may be any suitable device for powering the WTRU 802. As examples, the

power source 834 may include one or more dry cell batteries (e.g., nickel-cadmium (NiCd), nickel-
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zinc (NiZn), nickel metal hydride (NiIMH), lithium-ion (Li-ion), and the like), solar cells, fuel cells,

and the like.

[0057] The processor 818 may also be coupled to the GPS chipset 836, which may be
configured to provide location information (e.g., longitude and latitude) regarding the current
location of the WTRU 802. In addition to, or in lieu of, the information from the GPS chipset 836,
the WTRU 802 may receive location information over the air interface 816 from a base station
and/or determine its location based on the timing of the signals being received from two or more
nearby base stations. It will be appreciated that the WTRU 802 may acquire location information
by way of any suitable location-determination method while remaining consistent with an

embodiment.

[0058] The processor 818 may further be coupled to other peripherals 838, which may include
one or more software and/or hardware modules that provide additional features, functionality
and/or wired or wireless connectivity. For example, the peripherals 838 may include sensors such
as an accelerometer, an e-compass, a satellite transceiver, a digital camera (for photographs or
video), a universal serial bus (USB) port, a vibration device, a television transceiver, a hands free
headset, a Bluetooth® module, a frequency modulated (FM) radio unit, a digital music player, a

media player, a video game player module, an Internet browser, and the like.

[0059] Although features and elements are described above in particular combinations, one of
ordinary skill in the art will appreciate that each feature or element can be used alone or in any
combination with the other features and elements. In addition, the methods described herein may
be implemented in a computer program, software, or firmware incorporated in a computer-
readable medium for execution by a computer or processor. Examples of computer-readable
storage media include, but are not limited to, a read only memory (ROM), a random access
memory (RAM), a register, cache memory, semiconductor memory devices, magnetic media such
as internal hard disks and removable disks, magneto-optical media, and optical media such as CD-
ROM disks, and digital versatile disks (DVDs). A processor in association with software may be
used to implement a radio frequency transceiver for use in a WTRU, UE, terminal, base station,

RNC, or any host computer.
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CLAIMS

1. A method comprising:
maintaining driving-event data with respect to operation of an autonomous vehicle (AV);

maintaining passenger-attentiveness data reflecting a degree of passenger attentiveness

with respect to the operation of the AV,
making a passenger-explanation determination at least in part by determining:

that the driving-event data indicates that an abnormal driving event occurred

at a first time;

that the passenger-attentiveness data indicates that a spike in passenger

attentiveness occurred at a second time; and

that the second time is less than a threshold time delta after the first time;

and

responsive to making the passenger-explanation determination, presenting via a user
interface of the AV a contemporaneous subset of the maintained driving-event data, the

contemporaneous subset being associated with the abnormal driving event.

2. The method of claim 1, wherein determining that the abnormal driving event occurred

comprises identifying at least one change-in-state indication from the driving-event data.

3. The method of claim 2, wherein the change-in-state indication represents one of: a change

in vehicle velocity, a change in vehicle direction, and a change in vehicle audible output.

4. The method of claim 2, wherein identifying the at least one change-in-state indication
comprises determining if the change-in-state indication exceeds a corresponding change-rate

threshold.

5. The method as in any of claims 1-4, wherein the contemporaneous subset of the maintained
driving-event data comprises driving-event data corresponding to a time frame prior to the first

time up to the second time.
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6. The method as in any of claims 1-5, wherein determining the spike in passenger
attentiveness comprises identifying a change-in-state of the degree of passenger attentiveness

above a change-rate threshold.

7. The method of claim 6, wherein the change-in-state of the degree of passenger
attentiveness comprises one of: posture, facial indications of emotion, gaze direction, voice, and

physiological state.

8. The method as in any of claims 1-7, wherein the passenger-attentiveness data indicating a
spike in passenger attentiveness is determined in response to determining an abnormal driving

event occurred.

9. The method as in any of claims 1-7, wherein the abnormal driving event is determined in
response to determining that passenger-attentiveness data indicates a spike in passenger

attentiveness.

10. The method as in any of claims 1-9, wherein the driving-event data and the passenger-

attentiveness data are obtained via vehicle sensors and passenger sensors, respectively.
11.  An apparatus comprising:

a vehicle state estimation module configured to maintain driving-event data with respect

to operation of an autonomous vehicle (AV);

a passenger attentiveness estimation module configured to maintain passenger-
attentiveness data reflecting a degree of passenger attentiveness with respect to the operation of

the AV;

an abnormal event detection module configured to make a passenger-explanation

determination at least in part by determining:

that the driving-event data indicates that an abnormal driving event occurred

at a first time;

that the passenger-attentiveness data indicates that a spike in passenger

attentiveness occurred at a second time; and

that the second time is less than a threshold time delta after the first time;

and
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a presentation controller configured to present, via a user interface of the AV, a
contemporaneous subset of the maintained driving-event data to a display in response to the
abnormal event detection module making the passenger-explanation determination, the

contemporaneous subset being associated with the abnormal driving event.

12.  The apparatus of claim 11, wherein the abnormal event detection module is configured to
identifying at least one change-in-state indication from the driving-event data to determine the

abnormal driving event occurred.

13.  The apparatus of claim 12, wherein the change-in-state indication represents one of: a

change in vehicle velocity, a change in vehicle direction, and a change in vehicle audible output.

14.  The apparatus of claim 12, wherein the abnormal event detection module is configured to
determine if the change-in-state indication exceeds a corresponding change-rate threshold to

identify the at least one change-in-state indication.

15.  The apparatus as in any of claims 11-14, wherein the contemporaneous subset of the
maintained driving-event data corresponds to driving-event data obtained prior to the first time up

to the second time.

16.  The apparatus as in any of claims 11-15, wherein the spike in passenger attentiveness
corresponds to a change-in-state of the degree of passenger attentiveness above a change-rate

threshold.

17. The apparatus of claim 16, wherein the change-in-state of the degree of passenger
attentiveness comprises one of: posture, facial indications of emotion, gaze direction, voice, and

physiological state.

18.  The apparatus as in any of claims 11-17, wherein the abnormal event detection module is
configured to determine the spike in passenger attentiveness in response to determining an

abnormal driving event occurred.

19.  The apparatus as in any of claims 11-17, wherein the abnormal event detection module is
configured to determine that the abnormal driving event occurred in response to determining that

the passenger-attentiveness data indicates a spike in passenger attentiveness.

20.  The apparatus as in any of claims 11-19, wherein the driving-event data and the passenger-

attentiveness data are obtained via vehicle sensors and passenger sensors, respectively.
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