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ABSTRACT

Systems and methods for predicting user interaction with vehicles. A computing device receives
an image and a video segment of a road scene, the first at least one of an image and a video
segment being taken from a perspective of a participant in the road scene and then generates
stimulus data based on the image and the video segment. Stimulus data is transmitted to a user
interface and response data is received, which includes at least one of an action and a likelihood
of the action corresponding to another participant in the road scene. The computing device
aggregates a subset of the plurality of response data to form statistical data and a model is
created based on the statistical data. The model is applied to another image or video segment

and a prediction of user behavior in the another image or video segment is generated.
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CLAIMS

1. A computerized method of predicting user interaction with vehicles enabling motorists,
cyclists, and pedestrians to anticipate the actions of other motorists, cyclists, and pedestrians, the

computerized method comprising:

receiving, by a computing device, a first at least one of an image and a video segment of
a road scene, the first at least one of an image and a video segment being taken from a
perspective of a participant in the road scene, the first at least one of an image and a video

segment including at least one of a pedestrian, a cyclist, and a motor vehicle;

generating, by the computing device, stimulus data based on the first at least one of the

image and the video segment, the stimulus data comprising at least one of’
the first at least one of the image and the video segment, and
an altered version of the first at least one of the image and the video segment;
transmitting, by the computing device, the stimulus data to a user interface;

receiving, by the computing device, a plurality of response data from the user interface,
the response data including user inputted data by associated with the stimulus data, the user
inputted data including at least one of an action and a likelihood of the action corresponding to at

least one of the pedestrian, the cyclist, and the motor vehicle associated with the road scene;

aggregating, by the computing device, a subset of the plurality of response data
corresponding to one of the first at least one of the image and the video segment to form

statistical data;
creating, by the computing device, a model based on the statistical data;

applying, by the computing device, the model to a second at least one image or video

segment; and
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generating, by the computing device, a prediction of user behavior in the second at least
one image or video segment based on the application of the model to the second at least one

image or video segment.

2. The computerized method of claim 1, wherein creating the model further comprises
training, by the computing device, a supervised learning algorithm, the supervised learning
algorithm including at least one of a random forest regressor, a support vector regressor, a simple
neural network, a deep convolutional neural network, a recurrent neural network, and a long-

short-term memory (LSTM) neural network.

3. The computerized method of claim 1, wherein generating the stimulus data further

comprises:

manipulating at least one of pixel data or array data associated with the first at least one

of the image and the video segment; and

creating a manipulated data file including the manipulated at least one of pixel data or

array data associated with the first at least one of the image and the video segment.

4. The computerized method of claim 3, wherein the manipulated data file includes a looped

version of extracted frames from the first at least one of the image and the video segment.
5. The computerized method of claim 1, wherein:

the action includes one of the at least one of the pedestrian, the cyclist, and the motor

vehicle staying in place, changing lanes, and crossing a street; and

the likelihood of the action includes an ordinal value associated with a probability of the

action.

6. The computerized method of claim 1, wherein the statistical data is associated with a
parameter of the subset of the plurality of response data, the parameter including at least one of a
content of a response, a time associated with entering a response, and a position of an eye of a
human observer associated with the response, the position being measured with respect to a
display associated with the user interface.
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7. The computerized method of claim 6, wherein the parameter is further associated with at

least one of a central tendency, a variance, a skew, a kurtosis, a scale, and a histogram.

8. The computerized method of claim 1, wherein the second at least one image or video

segment is associated with a live road scene.

0. The computerized method of claim 8, further comprising receiving, by the computing
device, the second at least one image or video segment from another computing device

associated with a vehicle participating in the live road scene.

10.  The computerized method of claim 1, wherein the second at least one image or video
segment is the same as the first at least one image or video segment, the method further

comprising:

comparing, by the computing device, the prediction of user behavior with the statistical

data to generate an error signal; and

adjusting, by the computing device, at least one weight associated with the model based

on the error signal.

11. A computing system for predicting user interaction with vehicles enabling motorists,
cyclists, and pedestrians to anticipate the actions of other motorists, cyclists, and pedestrians, the
computing system comprising a memory containing instructions for execution by a processor,

the processor configured to:

receive a first at least one of an image and a video segment of a road scene, the first at
least one of an image and a video segment being taken from a perspective of a participant in the
road scene, the first at least one of an image and a video segment including at least one of a

pedestrian, a cyclist, and a motor vehicle;

generate stimulus data based on the first at least one of the image and the video segment,

the stimulus data comprising at least one of

the first at least one of the image and the video segment, and
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an altered version of the first at least one of the image and the video segment;
transmit the stimulus data to a user interface;

receive a plurality of response data from the user interface, the response data including
user inputted data by associated with the stimulus data, the user inputted data including at least
one of an action and a likelihood of the action corresponding to at least one of the pedestrian, the

cyclist, and the motor vehicle associated with the road scene;

aggregate a subset of the plurality of response data corresponding to one of the first at

least one of the image and the video segment to form statistical data;
create a model based on the statistical data;
apply the model to a second at least one image or video segment; and

generate a prediction of user behavior in the second at least one image or video segment

based on the application of the model to the second at least one image or video segment.

12.  The computing system of claim 11, wherein to create the model the processor is further
configured to train a supervised learning algorithm, the supervised learning algorithm including
at least one of a random forest regressor, a support vector regressor, a simple neural network, a
deep convolutional neural network, a recurrent neural network, and a long-short-term memory

(LSTM) neural network.

13.  The computing system of claim 11, wherein to generate the stimulus data, the processor

is further configured to:

manipulate at least one of pixel data or array data associated with the first at least one of

the image and the video segment; and

create a manipulated data file including the manipulated at least one of pixel data or array

data associated with the first at least one of the image and the video segment.

14.  The computing system of claim 11, wherein the manipulated data file includes a looped

version of extracted frames from the first at least one of the image and the video segment.
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15. The computing system of claim 11, wherein:

the action includes one of the at least one of the pedestrian, the cyclist, and the motor

vehicle staying in place, changing lanes, and crossing a street; and

the likelihood of the action includes an ordinal value associated with a probability of the

action.

16.  The computing system of claim 11, wherein the statistical data is associated with a
parameter of the subset of the plurality of response data, the parameter including at least one of a
content of a response, a time associated with entering a response, and a position of an eye of a
human observer associated with the response, the position being measured with respect to a

display associated with the user interface.

17.  The computing system of claim 16, wherein the parameter is further associated with at

least one of a central tendency, a variance, a skew, a kurtosis, a scale, and a histogram.

18.  The computing system of claim 11, wherein the second at least one image or video

segment is associated with a live road scene.

19.  The computing system of claim 18, wherein the processor is further configured to receive
the second at least one image or video segment from a computing device associated with a

vehicle participating in the live road scene.

20.  The computing system of claim 11, wherein the second at least one image or video
segment is the same as the first at least one image or video segment, and wherein the processor is

further configured to:

compare the prediction of user behavior with the statistical data to generate an error

signal; and

adjust at least one weight associated with the model based on the error signal.
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SYSTEM AND METHOD OF PREDICTING HUMAN INTERACTION WITH
VEHICLES

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority under 35 U.S.C. § 119(e) to U.S. Provisional
Application No. 62/528,771, filed July 5, 2017, the contents of which are incorporated herein.

TECHNICAL FIELD

[0002] The present disclosure relates generally to data analytics, and in particular, to

predicting human interaction with vehicles.

BACKGROUND

[0003] The ability a driver of a car to look at a person—who is walking, driving another car,
or riding a bike on or near a street—and predict what that person wants to do may be the single
most important part of urban driving. For example, when a driver of a car sees people near the
car, determining whether one person will cross the street, whether another person will remain
standing on a street corner, and whether yet another person will change lanes on his or her
bicycle is necessary to safely drive the car and avoid hitting the people. This ability is so
fundamental, that operating in cities without it would be nearly impossible.

[0004] Fortunately, human drivers have such a natural ability to predict a person’s behavior.
In fact, they can do it so effortlessly, that they often do not even notice that they are doing it.
However, computers and autonomous driving vehicles cannot adequately predict the behavior of
people, especially in urban environments.

[0005] For example, autonomous driving vehicles may rely on methods that make decisions
on how to control the vehicles by predicting “motion vectors” of people near the vehicles. This
is accomplished by collecting data of a person’s current and past movements, determining a
motion vector of the person at a current time based on these movements, and extrapolating a
future motion vector representing the person’s predicted motion at a future time based on the
current motion vector. However, the methods do not predict a person’s actions or movements
based on other observations besides his or her current and past movements, which lead to inferior

results in predicting the person’s future behavior.
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SUMMARY OF THE INVENTION

[0006] Systems and methods for predicting user interaction with vehicles enabling motorists,
cyclists, and pedestrians to anticipate the actions of other motorists, cyclists, and pedestrians. In
some embodiments, a computing device receives a first at least one of an image and a video
segment of a road scene, the first at least one of an image and a video segment being taken from
a perspective of a participant in the road scene, the first at least one of an image and a video
segment including at least one of a pedestrian, a cyclist, and a motor vehicle. In some
embodiments, the computing device generates stimulus data based on the first at least one of the
image and the video segment, the stimulus data comprising at least one of the first at least one of
the image and the video segment, and an altered version of the first at least one of the image and
the video segment. In some embodiments, the computing device transmits the stimulus data to a
user interface. In some embodiments, the computing device receives a plurality of response data
from the user interface, the response data including user inputted data by associated with the
stimulus data, the user inputted data including at least one of an action and a likelihood of the
action corresponding to at least one of the pedestrian, the cyclist, and the motor vehicle
associated with the road scene. In some embodiments, the computing device aggregates a subset
of the plurality of response data corresponding to one of the first at least one of the image and the
video segment to form statistical data. In some embodiments, the computing device creates a
model based on the statistical data and applies the model to a second at least one image or video
segment. In some embodiments, the computing device generates a prediction of user behavior in
the second at least one image or video segment based on the application of the model to the

second at least one image or video segment.

[0007] In some embodiments, creating the model further comprises training a supervised
learning algorithm, the supervised learning algorithm including at least one of a random forest
regressor, a support vector regressor, a simple neural network, a deep convolutional neural
network, a recurrent neural network, and a long-short-term memory (LSTM) neural network.

In some embodiments, generating the stimulus data further comprises manipulating at least one
of pixel data or array data associated with the first at least one of the image and the video
segment and creating a manipulated data file including the manipulated at least one of pixel data

or array data associated with the first at least one of the image and the video segment. In some
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embodiments, the manipulated data file includes a looped version of extracted frames from the
first at least one of the image and the video segment. In some embodiments, the action includes
one of the at least one of the pedestrian, the cyclist, and the motor vehicle staying in place,
changing lanes, and crossing a street, and the likelihood of the action includes an ordinal value
associated with a probability of the action. In some embodiments, the statistical data is
associated with a parameter of the subset of the plurality of response data, the parameter
including at least one of a content of a response, a time associated with entering a response, and a
position of an eye of a human observer associated with the response, the position being measured
with respect to a display associated with the user interface. the parameter is further associated
with at least one of a central tendency, a variance, a skew, a kurtosis, a scale, and a histogram. In
some embodiments, the second at least one image or video segment is associated with a live road
scene. In some embodiments, the computing device further comprises receiving the second at
least one image or video segment from another computing device associated with a vehicle
participating in the live road scene. In some embodiments, the second at least one image or
video segment is the same as the first at least one image or video segment and the computing
device further compares the prediction of user behavior with the statistical data to generate an

error signal and adjusts at least one weight associated with the model based on the error signal.

[0008] These and other capabilities of the disclosed subject matter will be more fully
understood after a review of the following figures, detailed description, and claims. It is to be
understood that the phraseology and terminology employed herein are for the purpose of setting
forth illustrative examples of the invention, and the description should not be regarded as

limiting.
BRIEF DESCRIPTION OF FIGURES

[0009] Various objectives, features, and advantages of the disclosed subject matter can be
more fully appreciated with reference to the following detailed description of the disclosed
subject matter when considered in connection with the following drawings, in which like

reference numerals identify like elements.

[0010] FIG. 1 is a system diagram of a networked system for predicting human behavior

according to some embodiments of the present disclosure.
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[0011] FIG. 2A is a flow chart showing a process of predicting human behavior, according to

some embodiments of the present disclosure.

[0012] FIG. 2B shows an example of a derived stimulus, according to some embodiments of

the present disclosure.

[0013] FIG. 3 is a system diagram showing a sensor system associated with a vehicle,

according to some embodiments of the present disclosure.

[0014] FIG. 4 shows a process of generating derived stimuli from raw camera or sensor data

in the vehicle, according to some embodiments of the present disclosure.

[0015] FIG. 5 is a flowchart showing a process of collecting predictions and other
information from human observers based on derived stimuli, according to some embodiments of

the present disclosure.

[0016] FIG. 6 shows a data structure associated with tracking video frame data, according to

some embodiments of the present disclosure.

[0017] FIG. 7 is a flowchart showing a process for producing summary statistics of a video

frame or derived stimulus according to some embodiments of the present disclosure.

[0018] FIG. 8 is a flowchart showing a process of training a learning algorithm using

summary statistics, according to some embodiments of the present disclosure.

[0019] FIG 9. is a flowchart showing a process of predicting the state of mind of road users

using a trained learning algorithm, according to some embodiments of the present disclosure.

[0020] FIG. 10 is a diagram showing an example of an application of a context user
prediction process in an automobile context, according to some embodiments of the present

disclosure.
DETAILED DESCRIPTION

[0021] Systems and methods are described for judging the behavior of people near a vehicle

in a way that more closely resembles how human drivers would judge the behavior. For
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example, in one embodiment, a group of users (or human observers) view sample images of
people (such as pedestrians) near streets and/or vehicles and indicate or are measured for their
understanding of how they believe the people will behave. These indicators or measurements are
then used as a component for training an algorithm that predicts how people will behave in a
real-world context. In other words, after being trained based on the reactions of human
observers to sample images in a training environment, the algorithm is able predict actual
pedestrian behavior in a real-world environment.
[0022] In a further implementation, human observers are presented with small samples of
video data that have been modified to focus the observers on aspects of the samples most likely
to be relevant to predicting pedestrian or other driver behavior, and to eliminate aspects which
are not relevant to prediction such behavior. Large sets of observers are asked to score the
samples of video data on a continuum, and the scored samples are collected. The overall
collection of scores on the continuum comprises a distribution of “scores.” The parameters of
this distribution are then used to construct a target for the learning model of an algorithm for
subsequently predicting pedestrian or driver behavior in a real-world environment.
[0023] FIG. 1 is a system diagram of a networked system for predicting human behavior
according to some embodiments of the present disclosure. FIG. 1 shows a vehicle 102, a
network 104, a server 106, a user response database 110, a user terminal 108, a model training
system 112 and a prediction engine 114.
[0024] The vehicle 102 can be any type of manual or motorized vehicle such as a car, bus,
train, scooter, or bicycle. As described in more detail below, the vehicle 102 can include sensors
for monitoring the environment surrounding the vehicle. In one implementation, the sensors can
include a camera affixed to any portion of the vehicle for capturing a video of people near the
vehicle.
[0025] The network 104 can be any wired and/or wireless network capable of receiving
sensor data collected by the vehicle 102 and distributing it to the server 106, the model training
system 112, and, through the model training system 112, the prediction engine 114.
[0026] The server 106 can be any type of computer system capable of (1) hosting
information (such as image, video and text information) and delivering it to a user terminal (such

as user terminal 108), (2) recording responses of multiple users (or human observers) to the
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information, and (3) delivering such information and accompanying responses (such as responses
input via user terminal 108) back to the network 104.
[0027] The user response database 110 can be any type of database or data storage system
capable of storing the image, video, and text information and associated user responses and
subsequently recalling them in response to a query.
[0028] The model training system 112 can be implemented in any type of computing system.
In one embodiment, the system 112 receives the image, video, and/or text information and
accompanying, or linked, user responses from the database 110 over the network 104. In some
embodiments, the text segments are discrete values or free text responses. The model training
system 112 can use images, video segments and text segments as training examples to train an
algorithm, and can create labels from the accompanying user responses based on the trained
algorithm. These labels indicate how the algorithm predicts the behavior of the people in the
associated image, video, and/or text segments. After the labels are created, the model training
system 112 can transmit them to the prediction engine 144.
[0029] The prediction engine 114 can be implemented in any computing system. In an
illustrative example, the engine 114 includes an algorithm that has been trained by the model
training system 112. This trained algorithm is able to estimate a label for a new (e.g., an actual
“real-world”) image, video, and/or text segment based on the labels and associated image, video,
and/or text segments that it received from the model training system 112. In some embodiments,
this label comprises aggregate or summary information about the responses of a large number of
users (or human observers) presented with similar image, video, or text segments while the
algorithm was being trained.
[0030] FIG. 2A is a flow chart showing a process of predicting human behavior, according to
some embodiments of the present disclosure. In one implementation, video or other data is
captured by a camera or sensor mounted on the vehicle 102. The camera or other sensor can be
mounted in a fixed or temporary manner to the vehicle 102. Of course, the camera does not need
to be mounted to an automobile, and could be mounted to another type of vehicle, such as a
bicycle. As the vehicle travels along various streets, the camera or sensor captures still and/or
moving images (or other sensor data) of pedestrians, bicycles, automobiles, efc. moving or being

stationary on or near the streets. In step 202, this video or other data captured by the camera or
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other sensor is transmitted from the vehicle 102, over the network 104, and to the server 106
where it is stored.
[0031] Then, in step 204, video frames or segments are extracted from the stored video or
other data and are used to create stimulus data including derived stimulus (or stimuli). In one
implementation, the derived stimulus corresponds to a scene in which one or more humans are
conducting activities (e.g., standing, walking, driving, riding a bicycle, efc.) beside or on a street
and/or near a vehicle. As explained in more detail below for example in step 214 and in the text
accompanying FIG. 9, as part of the training process for the prediction algorithm, human
observers view the derived stimulus and predict how they believe the humans shown in the
derived stimulus will act. In yet a further implementation, after the video frames or segments are
extracted from the stored data, the derived stimulus is generated by manipulating the pixels or
equivalent array data acquired from the camera or other sensor in step 204, producing a new data
file that conveys a portion of the information from the original video with certain aspects
highlighted or obscured, as described below in FIG 4.
[0032] FIG. 2B shows an example of a derived stimulus, according to some embodiments of
the present disclosure. As shown, three non-consecutive frames 220, 222, 223, and 224, are
extracted from a short segment of video. A copy of the first frame is made 220. On the copy of
the first frame 220, a box 221 is drawn around the figure of interest, highlighting that figure.
The copy of the first frame 220 and the three extracted frames 222, 223, and 224 are then
recombined into a short video segment that loops. This encourages human observers to focus on
a figure of interest in the video segment.
[0033] In step 206, the derived stimulus is transmitted from the server 106 and displayed to a
large number of users (or human observers) on the user terminal 108 (or multiple terminals 108).
The terminal(s) 108 prompt the human observers to predict how the people shown in the derived
stimulus will act, and upon viewing the displayed stimulus, the observers input their responses
corresponding to their predictions. For example, in the derived stimulus shown in FIG. 2B, the
human observers may predict that the bicyclist will continue riding to the left in the figure. In
other derived stimuli, the responses may predict whether a first person in the stimulus will cross
the street, another person will remain standing on a street corner, and yet another person will
change lanes on his or her bicycle. In an illustrative embodiment, the human observers may
make a continuous or ordinal judgment about the state of mind or the predicted behavior of the

-7 -
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people shown in the derived stimulus and record that judgment. For example, the human
observers may select an appropriate icon displayed on the terminal(s) 108 by clicking a mouse or
by pressing a key to indicate their judgment or prediction. The judgment or prediction may
correspond to the human observers’ assessment of the state of mind of the person in the derived
stimulus or other awareness or intention that would be relevant to a hypothetical driver who sees
the person in the derived stimulus while driving. In step 208, the derived stimulus and associated
human observer responses are transmitted from the terminal(s) 108 to the server 106 and
recorded in the user response database 110.
[0034] In step 210, summary statistics are generated based on the user responses. For
example, the statistics may characterize the aggregate responses of multiple human observers to
a particular derived stimulus. For instance, if the derived stimulus shows a pedestrian walking
on a sidewalk towards an intersection, the response can be categorized in terms of how many
human observers believe that the pedestrian will stop upon reaching the intersection, continue
walking straight across the intersection, turn a corner and continue walking along the sidewalk
without crossing the intersection, efc. These summary statistics can characterize the human
observer responses in terms of certain parameters associated with the statistics, such as a content
of a response, a time associated with entering a response, and a position of an eye of a human
observer associated with the response. The parameters can also be associated with a (1) central
tendency, variance, skew, kurtosis, scale, or histogram. For example, the amount of time users
took to input their responses can be characterized in terms of central tendency, variance, skew,
kurtosis, scale, histogram. Also, the statistics can include a parameter that additionally or
alternatively characterizes the movement of the human observers’ eyes relative to a display when
making the judgments in terms of central tendency, variance, skew, kurtosis, scale, histogram or
two-dimensional distribution. In one embodiment, the statistics are stored in the user response
database 110 with an index that identifies the raw video or sensor data from which the derived
stimulus was generated. In a further embodiment, the statistics stored in the database 110 cover
a large set of images of people on or near roads and are categorized in a number of different
categories, such as pedestrian, driver, motorcyclist, bicyclist, scooter driver, self-balancing
scooter rider, unicyclist, motorized wheelchair user, skateboarder, or others. Moreover, the
statistics are respectively stored along with, or linked to, the images of the derived stimuli

corresponding to the statistics.
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[0035] In step 212, the stored statistics and corresponding images (e.g., the video frames or
segments that were extracted from the video or other data (captured from the camera or sensor of
the vehicle 202)) are sent over the network 104 to the model training system 112 and used to
train a prediction algorithm. For example, the collection of images and statistics can be used to
train a supervised learning algorithm, which can comprise a random forest regressor, a support
vector regressor, a simple neural network, a deep convolutional neural network, a recurrent
neural network, a long-short-term memory (LSTM) neural network with linear or nonlinear
kernels that are two dimensional or three dimensional, or any other supervised learning algorithm
which is able to take a collection of data labeled with continuous values and adapt its architecture
in terms of weights, structure or other characteristics to minimize the deviation between its
predicted label on a novel stimulus and the actual label collected on that stimulus using the same
method as was used on the set of stimuli used to train that network. The model is given data
which comprises some subset of the pixel data from the video frames that the summary statistics
were generated from. In one implementation, this subset includes the pixel data contained in a
box (such as the box 221 shown in FIG. 2B) drawn to contain the boundaries of the person,
cyclist, motorist and vehicle, or other road user, including their mode of conveyance. In some
other implementations, it also includes the entire pixel data from the rest of the image. In one of
those implementations, that pixel data is selected according to criteria such as the salience of
those features in terms of contrast, lighting, presence of edges, or color. In an additional
implementation, the features can include descriptive meta-data about the images such as the
dimensions and location of the bounding box, the shape of the bounding box or the change in
size or position of the bounding box from one frame to the next.
[0036] In step 214, the prediction engine 114 uses the trained model from the model training
system 112 to predict the actual, “real-world” or “live data” behavior of people on or near a road.
In one embodiment, the prediction engine 114 receives “live data” that matches the format of the
data used to train the trained model. For example, if the trained model was trained based on
video data received from a camera on the vehicle 102, the “live data” that is input to the
algorithm likewise is video data from the same or similar type camera. On the other hand, if the
model was trained based on another type of sensor data received from another type of sensor on
the vehicle 102, the “live data” that is input to the prediction engine 114 likewise is the other

type of data from the same or similar sensor.
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[0037] The trained model or algorithm makes a prediction of what a pedestrian or other
person shown in the “live data” would do based on the summary statistics and/or training labels
of one or more derived stimulus. The accuracy of the model is determined by having it make
predictions of novel derived stimuli that were not part of the training images previously
mentioned but which do have human ratings attached to them, such that the summary statistics
on the novel images can be generated using the same method as was used to generate the
summary statistics for the training data, but where the correlation between summary statistics
and image data was not part of the model training process. The predictions produced by the
trained model comprise a set of predictions of the state of mind of road users that can then be
used to improve the performance of autonomous vehicles, robots, virtual agents, trucks, bicycles,
or other systems that operate on roadways by allowing them to make judgments about the future
behavior of road users based on their state of mind.
[0038] FIG. 3 is a system diagram showing a sensor system associated with a vehicle,
according to some embodiments of the present disclosure. FIG. 3 shows a vehicle 306 with
arrows pointing to the locations of its sensors 300, a local processor and storage 302, and remote
storage 304.
[0039] Data is collected from cameras or other sensors 300 including solid state Lidar,
rotating Lidar, medium range radar, or others mounted on the car in either a fixed or temporary
capacity and oriented such that they capture images of the road ahead, behind, and/or to the side
of the car. In some embodiments, the sensor data is recorded on a physical storage medium (not
shown) such as a compact flash drive, hard drive, solid state drive or dedicated data logger. In
some embodiments, the sensors 300 and storage media are managed by the processor 302.
[0040] The sensor data can be transferred from the in-car data storage medium and processor
302 to another storage medium 304 which could include cloud-based, desktop, or hosted server
storage products. In some embodiments, the sensor data can be stored as video, video segments,
or video frames.
[0041] In some embodiments, data in the remote storage 304 also includes database tables
associated with the sensor data. When sensor data is received, a row can be added to a database
table that records information about the sensor data that was recorded, including where it was

recorded, by whom, on what date, how long the segment is, where the physical files can be found
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either on the internet or on local storage, what the resolution of the sensor data is, what type of
sensor it was recorded on, the position of the sensor, and other characteristics.
[0042] FIG. 4 shows a process of generating derived stimuli from raw camera or sensor data
in the vehicle, according to some embodiments of the present disclosure.
[0043] Referring to step 400, video or data frames are selected according to a method which
selects either random or specific frames from video or sensor data segments. As described
above, sensor data can include video segments or specific frames. These frames can either be
contiguous or non-contiguous, and can be in the original order, in a permuted order, in reverse
order, or in random order. Some of the frames can be repeated once or more than once. The
frames are selected so that when human observers are later presented with reordered versions of
the sequences of frames, they perceive either the actual motion of humans in the scene that was
captured in the original video, or motion that is a product of the ordering of the frames but which
diverges via reordering from the motion that was originally captured. The temporal information
that the human observers looking at the sets of images or derived stimulus are able to use to
answer questions about the sets of images may be therefore limited or expanded to include
specific temporal cues that were or were not in the original sequence.
[0044] Referring to step 402, some of the frames can be manipulated. The frames can be
manipulated by adjusting pixel values. These manipulations can include blurring, the addition or
one or more occluding bars, bands, or shapes, sharpening, the removal of color information, the
manipulation of color information, the drawing of non-occluding or highlighting shapes on the
image, other manipulations, or a combination of the manipulations listed here, or a combination
of the manipulations listed here with other manipulations, or other manipulations of the pixels
not listed combined with each other. The manipulations serve the purpose of highlighting,
occluding or degrading portions of the image, so that when the images are shown to the human
observers, they are directed to people or specific portions of the image when predicting what the
people in the images will do. For example, using the highlighting described above, a certain
pedestrian in a scene can be isolated such that a human observer’s feedback can be more reliably
associated with the pedestrian.
[0045] Referring to step 404, frames can be recombined to form a derived stimulus. In some
embodiments, if there is only one frame that frame comprises the derived stimulus. If there is
more than one frame those frames may then be recombined. The recombination into a temporal
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segment can involve the frames having the same display time and interval as in the original video
clip or could involve faster, slower or variable display times. The timing of the recombination is
chosen in order to shape the perceived temporal duration of the activities visible in the original
video segment so the judgments the observers make will rely on temporal information that is or
is not identical to that featured in the original image.
[0046] FIG. 5 is a flowchart showing a process of collecting predictions and other
information from human observers based on derived stimuli, according to some embodiments of
the present disclosure. In step 500, human observers are given detailed instructions about how to
answer questions about derived stimuli. In step 502, those observers are presented with derived
stimuli and asked to answer questions about them. In step 504, the observers respond to the
stimuli and those responses are recorded. In step 5006, the recorded responses are aggregated and
logged in a database. For example, the responses may be sent to and logged in the user response
database 110 (FIG. 1).
[0047] Referring to step 500, in one example, some number of human observers (two or
more) are recruited to participate on one or several crowdsourcing websites, such as Amazon’s
Mechanical Turk or at a physical location provided with a display. The observers are given
detailed written and pictorial instructions explaining the task that they are about to complete.
These instructions give examples of situations that might be depicted in the derived stimuli, and
the kinds of responses that would be appropriate for those situations. For example, if human
observers are asked to judge the intention of a pedestrian to walk in front of a car, the
instructions may be: “In this test, we want you to pretend you're driving a car. You'll see road
scenes with cyclists highlighted, and you'll have to decide what they're planning to do. Try to
answer as quickly as you can. If a box contains more than one cyclist, try to judge if any of them
intends to ride into the path of your car. Some of the images might be small, or dark, but just do
your best.”
[0048] Referring to step 502, the human observers may be shown a display which includes
the derived stimulus. The display also includes a mechanism for making a judgment about the
stimulus. The mechanism for making the judgment can be a continuous indicator such as a
ribbon on which the observer could drag a control to a certain point. The mechanism can also be
an ordinal measure such as a Likert scale where the observer can make a judgment about a
degree of certainty of the judgment. The mechanism can also be a control that the human
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observer drags with their mouse to draw a trajectory onscreen indicating a judgment. The
mechanism can also be a text entry field where the observer types a description of their
judgment. The judgment that the human observer makes is an evaluation of the state of mind of
a road user depicted in the derived stimulus. The evaluation can be of the intention, awareness,
personality, state of consciousness, level of tiredness, aggressiveness, enthusiasm, thoughtfulness
or another characteristic of the internal mental state of the pictured road user. If the ratings
collected are on an ordinal scale they can describe the characteristic using language of
probability, such as “the other driver may be attentive” or “the other driver” is definitely
attentive” or “the other driver is definitely not attentive”. The ratings of large numbers of human
observers are collected. Summary statistics are generated based on the responses of all of the
observers who looked at an image. Individual variability in responses to a given stimulus can be
characterized in the information given by the observers to the learning algorithm. The summary
statistics might include unweighted information from all observers, or might exclude observers
based on extrinsic or intrinsic criteria such as the time it took an observer to respond, the
geographical location of an observer, the observer’s self-reported driving experience, or the
observer’s reliability in making ratings of a set of other images.
[0049] Referring to step 504, the explicit response of the observer is recorded as well as
implicit data. The implicit data can include how long the subject took to respond, if they
hesitated in their motions, if they deleted keystrokes, if they moved the mouse anywhere other
than the location corresponding to the response they eventually chose, where their eyes moved,
or other implicit measures.
[0050] Referring to step 506, the responses are aggregated and recorded in a data structure,
such as the user response database 110 (FIG. 1). This data structure is then sent as a text field to
a networked computer system running database software and logged in a database.
[0051] FIG. 6 shows a data structure (e.g., table) associated with tracking video frame data
according to some embodiments of the present disclosure. Column 600 shows an example of a
unique identifier for each human observer who rated an image. Column 602 shows a unique
identifier for a given derived stimulus. Column 604 shows an example of a response from an
observer recorded in the database. Column 606 shows an example of additional information —

in this case response time — recorded by the database.
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[0052] In reference to column 600, each observer who is shown the stimuli is given a unique
identifier so that information about their response may be analyzed in the context of their
responses to other images.
[0053] In reference to column 602, each derived stimulus that is rated by a human observer is
listed with a filename and path that uniquely identifies that derived stimulus, and also indicates
the original video frames from which that derived stimulus was generated.
[0054] In reference to column 604, for each stimulus rated by each human observer, a
response is recorded that could be a continuous, discrete, or ordinal value. This value may refer
to the probability of the pictured human road user has a given state of mind — e.g. that a
pedestrian is likely to cross the street or that an oncoming vehicle is unlikely to be willing to
yield to the vehicle containing the sensor if the vehicle containing the sensor needs to turn. In
some embodiments, a higher ordinal value (e.g., the ordinal 4 as shown in FIG. 6) indicates that a
human observer believes that there is a higher probability that the pictured human road user has a
given state of mind or will perform a particular action. On the other hand, a lower ordinal value
(e.g., the ordinal 1 as shown in FIG. 6) indicates that the human observer believes that there is a
lower probability that the pictured human road user has the state of mind or will perform the
particular action. On the other hand, in some embodiments, a lower ordinal value can indicate a
higher probability of an action, and a higher ordinal value can indicate a lower probability of an
action.
[0055] In reference to column 606, an amount of time associated with a subject responding
to the derived stimulus is also recorded. In some embodiments, this time is associated with the
overall reliability of the human observer’s rating. For example, a response associated with a
lower response time may be weighted higher and a response associated with a slower response
time may be weighted lower.
[0056] FIG. 7 is a flowchart showing a process for producing summary statistics of a video
frame or derived stimulus according to some embodiments of the present disclosure. In step 700,
per-image results are extracted from the database which stores responses from a human observer.
In step 702, summary statistics are calculated using those per-image results. In step 704, records
of the summary statistics attached to frames from the raw car data (not the derived stimuli) are

recorded in a separate table.
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[0057] Records of all of the responses by human observers on a given task for a given frame
are extracted from the database in step 700. In one example, all of the responses of a given type
are aggregated into a single data structure.
[0058] This data structure is queried to produce summary statistics in step 702. These
summary statistics could include measurements of the central tendency of the distribution of
scores like the mean, median, or mode. They could include measurements of the heterogeneity
of the scores like variance, standard deviation, skew, kurtosis, heteroskedasticity, multimodality,
or uniformness. They could also include summary statistics like those above calculated from the
implicit measurements of the responses listed above.
[0059] The calculated summary statistics are recorded in a database table in step 704
attached to a unique identifier which links them to the video frame or sensor data frame
associated with the responses from which they were calculated.
[0060] FIG. 8 is a flowchart showing a process of training a learning algorithm using
summary statistics, according to some embodiments of the present disclosure. For example, in
one embodiment, the process may train an algorithm used in the model training system 112 in
FIG. 1. In step 800, summary statistics linked to a given video or sensor frame are extracted
from the database 110 in FIG. 1. Subsequently, in step 802, the video or sensor frame may be
collated with the statistics label for the frame. The collated frame is provided to the learning
algorithm in the model training system 112 in step 804, and this process yields a final learning
algorithm in step 806.
[0061] In some embodiments, between one and three partitions are generated from the
database records in step 800. These partitions each comprise a list of images in the set of images
that have been manipulated to create derived stimuli and rated by human observers. At least one
of these partitions is made to comprise a set of training data. An additional partition may be
created to use as a set of validation data, a second list of images in the set of images that have
been manipulated to create derived stimuli and rated by human images, but where the second
validation set is not shown to the model in the learning phase, but is instead preserved to be used
later for evaluation.
[0062] The list of images in the training data partition is collated with some or all of the

summary statistics that have been generated from the human observer responses to those images
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and stored in the database in step 802, such that the summary statistics are associated with the
appropriate image in the list which comprises the training partition.
[0063] Each combination of image and summary statistics comprises a single training sample
for the learning algorithm in step 804. The algorithm may be any type of supervised learning
algorithm capable of predicting a continuous label for a two or three dimensional input,
including but not limited to a random forest regressor, a support vector regressor, a simple neural
network, a deep convolutional neural network, a recurrent neural network, a long-short-term
memory (LSTM) neural network with linear or nonlinear kernels that are two dimensional or
three dimensional.
[0064] The learning algorithm is optimized by a process of progressively adjusting the
parameters of that algorithm in response to the characteristics of the images and summary
statistics given to it in the training phase to minimize the error in its predictions of the summary
statistics for the training images in step 804. In one embodiment of the model training system
112, the algorithm can be a deep neural network. In this embodiment the parameters are the
weights attached to the connections between the artificial neurons comprising the network. Pixel
data from an image in a training set collated with human observer summary statistics in step 802
can serve as an input to the network. This input can be transformed according to a mathematical
function by each of the artificial neurons, and then the transformed information can be
transmitted from that artificial neuron to other artificial neurons in the neural network. The
transmission between the first artificial neuron and the subsequent neurons can be modified by
the weight parameters discussed above. In this embodiment, the neural network can be
organized hierarchically such that the value of each input pixel can be transformed by
independent layers (e.g., 10 to 20 layers) of artificial neurons, where the inputs for neurons at a
given layer come from the previous layer, and all of the outputs for a neuron (and their
associated weight parameters) go to the subsequent layer. At the end of the sequence of layers,
in this embodiment, the network can produce numbers that are intended to match the human
summary statistics given at the input. The difference between the numbers that the network
output and the human summary statistics provided at the input comprises an error signal. An
algorithm (e.g., back-propagation) can be used to assign a small portion of the responsibility for
the error to each of the weight parameters in the network. The weight parameters can then be
adjusted such that their estimated contribution to the overall error is reduced. This process can
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be repeated for each image (or for each combination of pixel data and human observer summary
statistics) in the training set collected via step 802. At the end of this process the model is
“trained”, which in some embodiments, means that the difference between the summary statistics
output by the neural network and the summary statistics calculated from the responses of the
human observers in step 506 is minimized.
[0065] FIG 9. is a flowchart showing a process of predicting the state of mind of road users
using a trained learning algorithm, according to some embodiments of the present disclosure. In
step 900, the training algorithm receives a “real world” or “live data” video or sensor frame.
Then in step 902, the trained algorithm analyzes the frame, thus enabling the algorithm in step
904 to output a prediction of summary statistics on the frame.
[0066] The “real world” or “live data” video or other sensor frames from a car-mounted
sensor are delivered to the trained learning algorithm in step 900. These frames have the same
resolution, color depth and file format as the frames used to train the algorithm. These frames
are delivered as individual frames or as sequences according to the format used to train the
original algorithm.
[0067] Each of these frames is analyzed by being passed through the trained model in step
902. In one embodiment, the data from the frame that was passed through the model would
comprise the pixel data from a camera. This data would be transformed by an artificial neural
network that had been trained according to step 804. At the final stage of the processing in the
artificial network, it would produce an output. This output is the model output in step 904.
[0068] The model outputs a number or set of numbers that comprise the predicted summary
statistics for the “real world” or “live data” image in step 904. The predicted summary statistics
are the model’s best estimation of what the summary statistics would be on the image if the
image had human annotations collected. The prediction is generated automatically by passing
the sensor data through the model, where the information is transformed by the internal
mechanisms of the model according to the parameters that were set in the training process shown
in step 804. Because these summary statistics characterize the distribution of human responses
that predict the state of mind of a road user pictured in the stimulus, the predicted statistics are
therefore a prediction of the aggregate judgment of human observers of the state of mind of the

pictured road user and thus an indirect prediction of the actual state of mind of the road user.
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[0069] FIG. 10 is a diagram showing an example of an application of a context user
prediction process in an automobile context, according to some embodiments of the present
disclosure. In this example intention 1006 1018 means that the road user 1002 1014 has the goal
of moving into the path of the vehicle 1000 before the vehicle 1000 (on which the system is
mounted) reaches their position. Awareness 1004 1016 in this example means that the road user
1002 1014 understands that the vehicle on which the system is mounted 1000 is present in their
vicinity. In this example, when cyclist 1002 rides into the field of view of a camera mounted on
vehicle 1000, the pixel data of the camera image of the cyclist is fed to a trained algorithm as
described above in step 900. The trained algorithm analyzes the image as described above in
step 902. The trained algorithm would predict summary statistics as in step 904. These
summary statistics are an estimate of what the summary statistics would be for a collection of
human observers who were shown a derived stimulus of the camera data as in step 504. The
estimates summary statistics are therefore the system’s best answer to the question “does this
cyclist intend to enter the path of the vehicle.” The vehicle is therefore able to make a guess 1006
about the intention of the cyclist that is closely matched to the guess that a human driver would
make in that same situation. In this example, the intention of the cyclist 1006 is relatively high,
as indicated by the number of horizontal bars in the display. The system installed on an
automobile 1000 also makes predictions about the awareness 1004 of cyclists of the vehicle
1000, by the same method described for intention. It also makes predictions about the
willingness of an automobile 1008 to yield 1010 or its desire to turn across the system-containing
vehicle’s path 1012 by the same method described above. In the case of the automobile the
questions that human subjects answered that would be predicted by the algorithm are “would the
vehicle be willing to yield” 1010 and “does the vehicle wish to turn across your path” 1012. It
also makes predictions about the desire of pedestrians 1014 to cross in front of the vehicle 1018,
and whether those pedestrians are aware of the vehicle 1016, by the same method described
above.
[0070] The models described above can be implemented as a real-time module that makes
predictions of road user behavior based on input from cameras or other sensors installed on a car
1000. In the case of an autonomous car, these predictions can be used to make inferences about
the intent of road users such as cyclists 1002, other motorists 1008, and pedestrians 1014 to cross
into the path of the car, as well as whether the road users are aware of the car and its future path.
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They can also be used to predict whether other road users would be surprised, welcoming, or
aggressively unwelcoming if the car were to engage in maneuvers which would take it into the
path of another road user (e.g., would an oncoming car yield if the car implementing the systems
and methods described herein were to turn left).
[0071] The subject matter described herein can be implemented in digital electronic circuitry,
or in computer software, firmware, or hardware, including the structural means disclosed in this
specification and structural equivalents thereof, or in combinations of them. The subject matter
described herein can be implemented as one or more computer program products, such as one or
more computer programs tangibly embodied in an information carrier (e.g., in a machine
readable storage device) or in a propagated signal, for execution by, or to control the operation
of, data processing apparatus (e.g., a programmable processor, a computer, or multiple
computers). A computer program (also known as a program, software, software application, or
code) can be written in any form of programming language, including compiled or interpreted
languages, and it can be deployed in any form, including as a stand-alone program or as a
module, component, subroutine, or other unit suitable for use in a computing environment. A
computer program does not necessarily correspond to a file. A program can be stored in a portion
of a file that holds other programs or data, in a single file dedicated to the program in question,
or in multiple coordinated files (e.g., files that store one or more modules, sub programs, or
portions of code). A computer program can be deployed to be executed on one computer or on
multiple computers at one site or distributed across multiple sites and interconnected by a
communication network.
[0072] The processes and logic flows described in this specification, including the method
steps of the subject matter described herein, can be performed by one or more programmable
processors executing one or more computer programs to perform functions of the subject matter
described herein by operating on input data and generating output. The processes and logic flows
can also be performed by, and apparatus of the subject matter described herein can be
implemented as, special purpose logic circuitry, e.g., an FPGA (field programmable gate array)
or an ASIC (application specific integrated circuit).
[0073] Processors suitable for the execution of a computer program include, by way of
example, both general and special purpose microprocessors, and any one or more processor of
any kind of digital computer. Generally, a processor will receive instructions and data from a
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read only memory or a random access memory or both. The essential elements of a computer are
a processor for executing instructions and one or more memory devices for storing instructions
and data. Generally, a computer will also include, or be operatively coupled to receive data from
or transfer data to, or both, one or more mass storage devices for storing data, e.g., magnetic,
magneto optical disks, or optical disks. Information carriers suitable for embodying computer
program instructions and data include all forms of nonvolatile memory, including by way of
example semiconductor memory devices, (e.g., EPROM, EEPROM, and flash memory devices);
magnetic disks, (e.g., internal hard disks or removable disks); magneto optical disks; and optical
disks (e.g., CD and DVD disks). The processor and the memory can be supplemented by, or
incorporated in, special purpose logic circuitry.
[0074] To provide for interaction with a user, the subject matter described herein can be
implemented on a computer having a display device, e.g., a CRT (cathode ray tube) or LCD
(liquid crystal display) monitor, for displaying information to the user and a keyboard and a
pointing device, (e.g., a mouse or a trackball), by which the user can provide input to the
computer. Other kinds of devices can be used to provide for interaction with a user as well. For
example, feedback provided to the user can be any form of sensory feedback, (e.g., visual
feedback, auditory feedback, or tactile feedback), and input from the user can be received in any
form, including acoustic, speech, or tactile input.
[0075] The subject matter described herein can be implemented in a computing system that
includes a back end component (e.g., a data server), a middleware component (e.g., an
application server), or a front end component (e.g., a client computer having a graphical user
interface or a web browser through which a user can interact with an implementation of the
subject matter described herein), or any combination of such back end, middleware, and front
end components. The components of the system can be interconnected by any form or medium
of digital data communication, e.g., a communication network. Examples of communication
networks include a local area network (“LAN”) and a wide area network (“WAN”), e.g., the
Internet.
[0076] It is to be understood that the disclosed subject matter is not limited in its application
to the details of construction and to the arrangements of the components set forth in the
following description or illustrated in the drawings. The disclosed subject matter is capable of
other embodiments and of being practiced and carried out in various ways. Also, it is to be

-20 -
ActiveUS 165734155v.1



Atty. Docket No. 2210871.00123US2
Date of Deposit: December 4, 2017

understood that the phraseology and terminology employed herein are for the purpose of
description and should not be regarded as limiting.
[0077] As such, those skilled in the art will appreciate that the conception, upon which this
disclosure is based, may readily be utilized as a basis for the designing of other structures,
methods, and systems for carrying out the several purposes of the disclosed subject matter. It is
important, therefore, that the claims be regarded as including such equivalent constructions
insofar as they do not depart from the spirit and scope of the disclosed subject matter.
[0078] Although the disclosed subject matter has been described and illustrated in the
foregoing exemplary embodiments, it is understood that the present disclosure has been made
only by way of example, and that numerous changes in the details of implementation of the
disclosed subject matter may be made without departing from the spirit and scope of the

disclosed subject matter, which is limited only by the claims which follow.
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Mailing Address of Inventor:

Address 1 0 Ware Street

Address 2

City | [Cambridge State/Province | FVIA
Postal Code 02138 Countryi | us

Remove
Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
e [+] pid MISRA -]
Residence Information (Select One) (@) US Residency Non US Residency Active US Military Service

City | [cambridge State/Province 'VIA Country of Residencé | [US

Mailing Address of Inventor:

Address 1 0 Ware Street

Address 2

City [Cambridge State/Province | PVIA

Postal Code 02138 Countryi | |US

Inventor 3

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Mr. [+] hvery FALLER |
Residence Information (Select One) (@ US Residency Non US Residency Active US Military Service
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Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SYSTEM AND METHOD OF PREDICTING HUMAN INTERACTION WITH VEHICLES

City | fcambridge State/Province | ﬁA Country of Residencd | [US

Mailing Address of Inventor:

Address 1 0 Ware Street

Address 2

City | [Cambridge State/Province | FVIA
Postal Code 02138 Countryi | |US

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button. Add

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number D3483

Email Address | Add Email | |Remove Email

Application Information:

Title of the Invention SYSTEM AND METHOD OF PREDICTING HUMAN INTERACTION WITH VEHICLES

Attorney Docket Number| 2210871.00123US2 Small Entity Status Claimed [X]

Application Type Nonprovisional -
Subject Matter tility v
Total Number of Drawing Sheets (if any) 11 Suggested Figure for Publication {if any) | [10

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 111(c} and 37 CFR 1.57{a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this

reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). .
1

Application number of the previcusly Filing date {YYYY-MM-DD) Intellectual Property Authority or Country |
filed application

Publication Information:
[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Req uest Not to Publish. | hereby request that the attached application not be published under

35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.
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Application Data Sheet 37 CFR 1.76

Attorney Docket Number

2210871.00123U82

Application Number

Title of Invention

SYSTEM AND METHOD OF PREDICTING HUMAN INTERACTION WITH VEHICLES

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One:

® Customer Number

US Patent Practitioner

O Limited Recognition (37 CFR 11.9)

Customer Number

3483

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(¢c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status | Pending - Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number

(YYYY-MM-DD)

[Claims benefit of provisional

-

621528771

P017-07-05

by selecting the Add button.

Additional Domestic Benefit/National Stage Data may be generated within this form

Add

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.8.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign prionty application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Application Number

Countryi

Filing Date (YYYY-MM-DD)

Remove

Access Codei (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the

Add button.
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Application Number

Title of Invention | SYSTEM AND METHOD OF PREDICTING HUMAN INTERACTION WITH VEHICLES

Statement under 37 CFR 1.55 or 1.78 for AIA (First
Applications

Inventor to File) Transition

[] 16, 2013.

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March
16, 2013, will be examined under the first inventor to file provisions of the AlA.
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Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SYSTEM AND METHOD OF PREDICTING HUMAN INTERACTION WITH VEHICLES

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property {IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office {(EPO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPQ), the Japan Patent Office
{(JPO), the Korean Intellectual Property Office (KIPQ), the State Intellectual Property Office of the People’s Republic of
China (SIPQO)}, the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

(1).

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 {opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[ ] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[ ] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.
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Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SYSTEM AND METHOD OF PREDICTING HUMAN INTERACTION WITH VEHICLES

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant {1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {(assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

® Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

vI

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name Perceptive Automata

Mailing Address Information For Applicant:

Address 1 10 Ware Street

Address 2

City Cambridge State/Province MA
Country | s Postal Code 02138
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assighment recorded by the Office.
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Application Number

Title of Invention | SYSTEM AND METHOD OF PREDICTING HUMAN INTERACTION WITH VEHICLES

Assignee 1

Complete this section if assighee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information™ section will appear on the patent application
publication as an applicant. For an assighee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. []

Prefix Given Name Middle Name Family Name Suffix
Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province

Countryi Postal Code

Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 2

selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or mare joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature |fYvonne Leef Date (YYYY-MM-DD)| [2017-12-04
First Name | [Yvonne Last Name | Lee Registration Number | [72,162
Additional Signature may be generated within this form by selecting the Add button. Add
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Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SYSTEM AND METHOD OF PREDICTING HUMAN INTERACTION WITH VEHICLES

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandna, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related tc a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35 U.5.C. 2(b}(2); {2) furnishing of the informaticn solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S.
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of
the application or expiration of the patent.

The information provided by you in this form will be subject tc the following routine uses:

1 Theinformation on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.5.C. 552) and the Privacy
Act (5 US.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

3 Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom
the record pertains, when the individual has requested assistance from the Member with respect tc the subject matter of the record.

4,  Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C.
552a(m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use,
to the Internaticnal Bureau of the World Intellectual Property Organization, pursuant to the Patent CooperationTreaty.

6.  Arecord in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.S.C. 181)
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations geverning inspection of
records for this purpose, and any other relevant (i.e,, GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

8.  Arecord from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.5.C.
122(b) or issuance of a patent pursuant to 35 US.C. 151. Further, a record may be disclesed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the public if the record was filed in an application which became abandoned cr in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a violation or potential viclation of law or regulation.
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Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

Sam ANTHONY, Cambridge, MA;

Sid MISRA, Cambridge, MA;

Avery FALLER, Cambridge, MA;
Applicant(s)

Perceptive Automata, Cambridge, MA;

Power of Attorney: None

Domestic Priority data as claimed by applicant
This appln claims benefit of 62/528,771 07/05/2017

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 12/18/2017
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 15/830,549

Projected Publication Date: 01/10/2019
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

SYSTEM AND METHOD OF PREDICTING HUMAN INTERACTION WITH VEHICLES
Preliminary Class

514
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
15/830,549 12/04/2017 Sam ANTHONY 2210871.00123US2
CONFIRMATION NO. 8998
23483 INFORMAL NOTICE
WILMERHALE/BOSTON

60 STATE STREET O 0 R

BOSTON, MA 02109 000096
Date Mailed: 12/22/2017

INFORMATIONAL NOTICE TO APPLICANT

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability” to avoid abandonment. See 37 CFR 1.53(f).

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid
further processing delays.

+ A properly executed inventor's oath or declaration has not been received for the following inventor(s):
Sam ANTHONY

Sid MISRA
Avery FALLER

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/lvongxay/
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PTO/AIA/01 (06-12)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of

Invention SYSTEM AND METHOD OF PREDICTING HUMAN INTERACTION WITH VEHICLES

As the below named inventor, | hereby declare that:

This declaration |:| The attached application, or
is directed to:

United States application or PCT international application number 15/830,549
filed on 12/04/2017

The above-identified application was made or authorized to be made by me.
| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: 2Sam ANTHONY Date (Optional) :

Signature:

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or
must have been previously filed. Use an additional PTO/AIA/01 form for each additional inventor.

ActiveUS 166045241v.1




PTO/AIA/01 (06-12)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of

Invention SYSTEM AND METHOD OF PREDICTING HUMAN INTERACTION WITH VEHICLES

As the below named inventor, | hereby declare that:

This declaration |:| The attached application, or
is directed to:

United States application or PCT international application number 15/830,549
filed on 12/04/2017

The above-identified application was made or authorized to be made by me.
| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: Sid MISRA Date (Optional) :

Signature: W}L;/M\_‘

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or
must have been previously filed. Use an additional PTO/AIA/01 form for each additional inventor.

ActiveUS 166045241v.1




PTO/AIA/01 (06-12)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of

Invention SYSTEM AND METHOD OF PREDICTING HUMAN INTERACTION WITH VEHICLES

As the below named inventor, | hereby declare that:

This declaration |:| The attached application, or
is directed to:

United States application or PCT international application number 15/830,549
filed on 12/04/2017

The above-identified application was made or authorized to be made by me.
| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: Avery FALLER Date (Optional) :

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or
must have been previously filed. Use an additional PTO/AIA/01 form for each additional inventor.

ActiveUS 166045241v.1




Electronic Acknowledgement Receipt

EFS ID: 32501880
Application Number: 15830549
International Application Number:
Confirmation Number: 8998

Title of Invention:

SYSTEM AND METHOD OF PREDICTING HUMAN INTERACTION WITH
VEHICLES

First Named Inventor/Applicant Name:

Sam ANTHONY

Customer Number:

23483

Filer:

Deric X. Geng/James Coughlan

Filer Authorized By:

Deric X. Geng

Attorney Docket Number:

2210871.00123US2

Receipt Date: 01-MAY-2018
Filing Date: 04-DEC-2017
Time Stamp: 15:56:51

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Size( B){tes)/ Multl- 'Pages
Number Message Digest | Part/.zip| (ifappl.)
193629
1 Oath or Declaration filed Executed-Declarations.pdf no 3
da6299933d663f904e32c46546595c1613b|
bé1fc

Warnings:




Information:

Total Files Size (in bytes): 193629

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.




Doc Code: PA..

Document Description: Power of Attorney
PTO/AIA/82A (07-13)

Approved for use through 01/31/2018. OMB 0651-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is
directed, the Power of Attorney will not be recognized in the application.

Application Number 15/830,549

Filing Date December 4, 2017
First Named Inventor Sam ANTHONY
Title

SYSTEM AND METHOD OF PREDICTING HUMAN INTERACTION WITH VEHICLES

Art Unit 2667

Examiner Name M. C. Bella

Attorney Docket Number | 2210871.00123US2

SIGNATURE of Applicant or Patent Practitioner

Signature Date (Optional)

/Yvonne Lee/

Name Registration
Yvonne Lee Number 72,162

Title (if Applicant is a
juristic entity)

Applicant Name (if Applicant is a juristic entity)

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If
more than one applicant, use multiple forms.

|:| *Total of 1 forms are submitted.

ActiveUS 167540944v.1



Doc Code: PA..

Document Description: Power of Attorney
PTO/AIA/82B (07-13)

Approved for use through 11/30/2014. OMB 0651-0051
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number

POWER OF ATTORNEY BY APPLICANT

| hereby revoke all previous powers of attorney given in the application identified in either the attached transmittal letter
or the boxes below.

Application Number Filing Date

(Note: The boxes above may be left blank if information is provided on form PTO/AIA/82A.)
| hereby appoint the Patent Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s),
and to transact all business in the United States Patent and Trademark Office connected therewith for the application
referenced in the attached transmittal letter (form PTO/AIA/82A) or identified above: 23483

OR

| hereby appoint Practitioner(s) named in the attached list (form PTO/AIA/82C) as my/our attorney(s) or agent(s), and to transact
all business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the
attached transmittal letter (form PTO/AIA/82A) or identified above. (Note: Complete form PTO/AIA/82C.)

Please recognize or change the correspondence address for the application identified in the attached transmittal
letter or the boxes above to:

|:| The address associated with the above-mentioned Customer Number
OR

The address associated with Customer Number: 24395
OR

Firm or
Individual Name

Address

City | state | | zip |

Country

Telephone | Email |

| am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box):

Perceptive Automata

I:l Inventor or Joint Inventor (title not required below)
I:l Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below)

Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer’s title if applicant is a juristic entity)

Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46(b)(2) was granted in
the application or is concurrently being filed with this document) (provide signer’s title if applicant is a juristic entity)

SIGNATURE of Applicant for Patent

The undersigned (whose title is supplied below) is authorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity).

Signature U@M« Date (Optional)
/,’ .

Name Kshitij Misra

Title President

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and
certifications. If more than one applicant, use multiple forms.

I:I Total of 1 forms are submitted.

ActiveUS 166045259v.1



Electronic Acknowledgement Receipt

EFS ID: 32920188
Application Number: 15830549
International Application Number:
Confirmation Number: 8998

Title of Invention:

SYSTEM AND METHOD OF PREDICTING HUMAN INTERACTION WITH
VEHICLES

First Named Inventor/Applicant Name:

Sam ANTHONY

Customer Number:

23483

Filer:

Yvonne Shao-| Lee/Gerri Bellavia

Filer Authorized By:

Yvonne Shao-| Lee

Attorney Docket Number:

2210871.00123US2

Receipt Date: 18-JUN-2018
Filing Date: 04-DEC-2017
Time Stamp: 11:29:44

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Size( B){tes)/ Multl- 'Pages
Number Message Digest | Part/.zip| (ifappl.)
167475
1 Power of Attorney 123US2_POA.PDF no 2
88cd116e7693f1702cd99d3e5f43ad815ad

e6081

Warnings:




Information:

Total Files Size (in bytes): 167475

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.




UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPtO.gov
APPLICATION NUMBER I FILING OR 371(C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE |
15/830,549 12/04/2017 Sam ANTHONY 2210871.001230US2
CONFIRMATION NO. 8998
23483 POA ACCEPTANCE LETTER
WILMERHALE/BOSTON

60 STATE STREET

O T
BOSTON, MA 02109 000000100423563

Date Mailed: 06/21/2018

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 06/18/2018.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/ggasgedom/
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Doc Code: PA.
Document Description: Power of Attorney

PTO/AIA/82A (07-13)

Approved for use through 01/31/2018. OMB 0651-0035

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE

REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is

directed, the Power of Attorney will not be recognized in the application.

Application Number 15/830,549

Filing Date December 4, 2017

First Named Inventor Sam Anthony

Title System and Method of Predicting Human Interaction with Vehicles
Art Unit Unknown
Examiner Name Unknown
Attorney Docket Number | 35447-42090/US
SIGNATURE of Applicant or Patent Practitioner
Signature /Rajendra B Panwar/ Date (Optional) December 14’ 2018
Name Rajendra B. Panwar Registration 163,165
Number
Title (if Applicant is a Attorney for App“cant
juristic entity)
Applicant Name (if Applicant is a juristic entity) 1
Perceptive Automata, Inc.
NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If
more than one applicant, use multiple forms.
/ *Total of 1 forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by
the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.11 and 1.14. This collection is estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require
to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.



Doc Code: PA..

L PTO/AIA/B2B (07-13)
Document Description: Power of Attorney Approved for use through 01/31/2018. OMB 0657-0035

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number

POWER OF ATTORNEY BY APPLICANT

I hereby revoke all previous powers of attorney given in the application identified in either the attached transmittal letter or
the boxes below.

Application Number Filing Date

(Note: The boxes above may be left blank if information is provided on form PTO/AIA/82A.)

| hereby appoint the Patent Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s), and
to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in
the attached transmittal letter (form PTO/AIA/82A) or identified above:

OR 00758

|:| | hereby appoint Practitioner(s) named in the attached list (form PTO/AIA/82C) as my/our attorney(s) or agent(s), and to transact
all business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the
attached transmittal letter (form PTO/AIA/82A) or identified above. (Note: Complete form PTO/AIA/82C.)

Please recognize or change the correspondence address for the application identified in the attached transmittal
letter or the boxes above to:

The address associated with the above-mentioned Customer Number
OR

|:| The address associated with Customer Number:
OR

|:| Firm or
Individual Name

Address

City | State | Zip
Country

Telephone | Email |

| am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box):

PERCEPTIVE AUTOMATA, INC.

|:| Inventor or Joint Inventor (title not required below)

|:| Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below)
Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer’s title if applicant is a juristic entity)

|:| Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46(b)(2) was granted in the
application or is concurrently being filed with this document) (provide signer’s title if applicant is a juristic entity)

SIGNATURE of Applicant for Patent
The undersigned (whosg titlg i wlied below) is authorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity).

Signature | Date (Optional) |
Name Kshitij "Sid" Misra
Title Chief Executive Officer

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements
and certifications. If more than one applicant, use multiple forms.

IZ]TotaI of 1 forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.Q. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.



Electronic Acknowledgement Receipt

EFS ID: 34594786
Application Number: 15830549
International Application Number:
Confirmation Number: 8998

Title of Invention:

SYSTEM AND METHOD OF PREDICTING HUMAN INTERACTION WITH

VEHICLES

First Named Inventor/Applicant Name:

Sam ANTHONY

Customer Number:

23483

Filer:

Rajendra Bhagwatisingh Panwar

Filer Authorized By:

Attorney Docket Number:

2210871.00123US2

Receipt Date: 14-DEC-2018
Filing Date: 04-DEC-2017
Time Stamp: 20:45:07

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Size( B){tes)/ Multl- 'Pages
Number Message Digest | Part/.zip| (ifappl.)
716915
1 Power of Attorney 42090_Power_of_Attorney.pdf no 2
24cdfec140adcSb7eb8aed8fcd28c54b82a9
ae30

Warnings:




Information:

Total Files Size (in bytes): 716915

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.




UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPtO.gov
APPLICATION NUMBER I FILING OR 371(C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE |
15/830,549 12/04/2017 Sam ANTHONY 2210871.001230US2
CONFIRMATION NO. 8998
23483 MISCELLANEOUS NOTICE
WILMERHALE/BOSTON

60 STATE STREET

T
BOSTON, MA 02109

Date Mailed: 12/19/2018

A communication which cannot be delivered in electronic form has been mailed to the applicant.
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Doc Code: N572

UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITED STATES DEPARTMENT OF COMMERCE

e - United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
P.O. Box 1450
Alexandria, Virginia 22313-1450
WWW.USPLO.gov

[ APpLICATION NUMBER | FILING DATE |  FrsTNamED APPLICANT | ATTY. DOCKETNO/TITLE |
15/830,549 12/04/2017 Sam ANTHONY 2210871.00123US2

CONFIRMATION NO. 8998

23483 UL R0 AR L N AL o

WILMERHALE/BOSTON . 7 *OC000000104554336*
60 STATE STREET
BOSTON, MA 02109

Cc: FENWICK & WEST LLP
SILICON VALLEY CENTER
801 CALIFORNIA STREET
MOUNTAIN VIEW, CA 94041

Date Mailed: 12/19/2018

DENIAL OF REQUEST FOR POWER OF ATTORNEY

The request for Power of Attorney filed 12/14/2018 is acknowledged. However, the request cannot be
granted at this time for the reason stated below.

O The Power of Attorney you provided did not comply with the new Power of Attorney rules that became
effective on June 25, 2004. See 37 CFR 1.32.

O The revocation is not signed by the applicant, the assignee of the entire interest, or one particular
principal attorney having the authority to revoke.

O The Power of Attorney is from an assignee and the Certificate required by 37 CFR 3.73 has not been
received.

Q The person signing for the assignee has omitted their empowerment to sign on behalf of the assignee.

O The inventor(s) is without authority to appoint attorneys since the assignee has intervened as provided
by 37 CFR 3.71.

O The signature(s) of , co-inventors in this application, has been omitted. The Power of Attorney will be
entered upon receipt of confirmation signed by said co-inventor(s).

Q The person(s) appointed in the Power of Attorney is not registered to practice before the U.S. Patent and
_ Trademark Office.

Q Only one Customer Number can be designated for the Power of Attorney in an application. The
Customer Number that was captured is the first Customer Number provided on the Power of Attorney
document.



Doc Code: N572

UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

\ Address: COMMISSIONER FOR PATENTS
P.Q. Box 1450

Alexandria, Virginia 22313-1450
www.uspto.gov

L A request under 37 CFR 1.48 to add an inventor was granted in this application, however, no power of
attorney consistent with the power of attorney granted by the originally named inventive entity has been
received. Thus, the addition of the inventor has resuited in the loss of power of attorney in the
application. See 37 CFR 1.32(e).,

X The power of attorney has not been accepted because the party who is giving power of attorney has not
been identified. Power of attorney may only be signed by the applicant for patent (37 CFR 1.42) or the
patent owner. A patent owner who was not the applicant must appoint any power of attorney in
compliance with 37 CFR 3.71 and 3.73. See 37 CFR 1.32(b)(4).

O The power of attorney from the inventors has not been aécepted because it is a copy from a prior
national application for which benefit is claimed and the continuing application names an inventor who
was not named as an inventor in the prior application.

Q The power of attorney from the inventors has not been accepted because the power of attorney must be
signed by the applicant for patent. See 37 CFR 1.32(b)(4).

hY( Any request to correct or update the name of the applicant must include an application data sheet (ADS)
in compliance with 37 CFR 1.76 specifying the correct or updated name of the applicant in the applicant
information section. Any request to change the applicant after an original applicant has been specified
under 37 CFR 1.46(b) must include a new ADS in compliance with 37 CFR 1.76 specifying the applicant
in the applicant information section and comply with 37 CFR 3.71 and 3.73. See 37 CFR 1.46(c).

\

Any inquiries regarding this notice should be directed to ihe Application Assistance Unit at 571-272-4200.

po

Application Assistance Unit
571-272-4200




UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
15/830,549 12/04/2017 Sam ANTHONY 2210871.00123US2
CONFIRMATION NO. 8998
23483 PUBLICATION NOTICE
WILMERHALE/BOSTON

60 STATE STREET LR
0 01050

BOSTON, MA 02109 0000 66

VFIIAREE

Title:SYSTEM AND METHOD OF PREDICTING HUMAN INTERACTION WITH VEHICLES

Publication No.US-2019-0012574-A1
Publication Date:01/10/2019

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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Complete if Known
Application Number 15/830.549
INFORMATION DISCLOSURE Filing Date o) / b 15017
ecemocer
STATEMENT BY APPLICANT e i
(Not for submission under 37 CFR 1.99) : am A:
Applicant Perceptive Automata
Art Unit 2664
Confirmation Number 89008
Examiner Name Charlotte M. Baker
@ee’[ 1 | of ‘ 3 Attorney Docket Number | 35447-42090/US
U.S. PATENT DOCUMENTS
Document No.
Examiner Cite Number - Kind Code? (if Publication Date Name of Patentee or
Initials* No.! known) MM-DD-YYYY Applicant of Cited Document
A1 | US2017/0270374 Al 09-21-2017 | Ford Global Technologies, LLC
A2 | US2017/0153639 Al 06-01-2017 | MOBILEYE VISION TECHNOLOGIES LTD.
A3 | US 2015/0213555 Al 07-30-2015 | HTIIP, LLC
FOREIGN PATENT DOCUMENTS
Foreign Patent Document
Examiner Cite Country Code® — Number* Publication Date Name of Patentee or
Initials* No. Kind Code® (if known) MM-DD-YYYY Applicant of Cited Document
B1
OTHER REFERENCES — NON-PATENT LITERATURE DOCUMENTS
Examiner Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, magazine,
Initials* No.! journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s}), publisher, city and/or country where
published
o1 International Search Report and Written Opinion, PCT Application No. PCT/US2018/063459,
February 7, 2019, 13 pages.
c2 GIRDHAR, R. and RAMANAN, D., "Attentional Pooling for Action Recognition," 31st Conference
on Neural Information Processing Systems (NIPS 2017), 12 pages.
c3 HE, K., et al. "Mask R-CNN," Computer Vision and Pattern Recognition 1703.06870v3, Jlanuary
24,2018, 12 pages.
KARMARKAR, T., "Regional Proposal network (RPN)- Backbone of Faster R-CNN," August 18,
C4 | 2018, 6 pages, [Online][Retrieved January 5, 2019], Retrieved from the internet
<URL:https://medium.com/@tanaykarmarkar/region-proposal-network-rpn-bac>.
s KOTSERUBA, I, et al., "Joint Attention in Autonomous Driving (JADD),' Robotics 1609.04741vS5,
April 24, 2017, 10 pages.
cs NEWELL, A., et al., "Stacked Hourglass Networks for Human Pose Estimation," Computer Vision
and Pattern Recognition 1603.06937v2, July 26, 2016, 17 pages.

EXAMINER SIGNATURE

Examiner Signature

Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through
a citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

! Applicant’s unique citation designation number (option). 2 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 3 Enter office
that issued the document, by the two-letter code (WIPO Standard ST.3). * For Japanese patent documents, the indication of the year of the reign of the
Emperor must precede the serial number of the patent document.

*Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. ® Applicant is to place a check mark
here if English language translation is attached.

1




Complete if Known
Application Number
INFORMATION DISCLOSURE Filing Date 1135/8305494 2017
STATEMENT BY APPLICANT : CCeOet —,
First Named |
(Not for submission under 37 CFR 1.99) | o aredinventor | Sam ANTHONY
Applicant Perceptive Automata
Art Unit 2664
Confirmation Number 80908
Examiner Name Charlotte M. Baker
@ee’[ | 2 | of ‘ 3 Attorney Docket Number | 35447-42090/US

OTHER REFERENCES - NON-PATENT LITERATURE DOCUMENTS

Examiner Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, magazine,
Initials* No.' journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where T®
published

REN, S. et al. "Faster R-CNN: Towards Real-Time Object Detection with Region Proposal
Networks," Advances in Neural Information Processing Systems 28 (NIPS 2015), 9 pages.

REN, S. et al. "Faster R-CNN: Towards Real-Time Object Detection with Region Proposal

Cc8
Networks," Computer Vision and Patteren Recognition 1506.01497v3, January 6, 2016, 14 pages.

SANTORO, A. et al, "A neural approach to relational reasoning," June 6, 2017, 6 pages,
C9 | [Online][Retrieved January 5, 2019], Retrieved from the internet
<URL:https://deepmind.com/blog/neural-approach-relational-reasoning/>.

SANTORO, A. et al., "A simple neural network module for relational reasoning," Computation

Cc10
and Language 1706.01427, June 5, 2017, 16 pages.

SCHNEEMANN, F., et al.,, "Context-based Detection of Pedestrian Crossing Intention for
C11| Autonomous Driving in Urban Environments," 2016 IEEE/RSJ International Conference on
Intelligent Robots and Systems (IROS), October 2016, 6 pages.

WATTERS, N., et al., " Visual Interaction Networks," Computer Vision and Pattern Recognition

Cc12
1706.01433v1, June 5, 2017, 14 pages.

ZHAQ, H., et al,, "Pyramid Scheme Parsing Network," Computer Vision and Pattern Recognition

C13
1612.01105v2, April 27,2017, 11 pages.

EXAMINER SIGNATURE

Examiner Signature

Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through
a citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

! Applicant’s unique citation designation number (option). 2 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 3 Enter office
that issued the document, by the two-letter code (WIPO Standard ST.3). * For Japanese patent documents, the indication of the year of the reign of the
Emperor must precede the serial number of the patent document.

*Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. ® Applicant is to place a check mark
here if English language translation is attached.

2



Complete if Known
Application Number
INFORMATION DISCLOSURE Filing Date 1135/8305494 2017
STATEMENT BY APPLICANT : ceemoet ~,
First Named |
(Not for submission under 37 CFR 1.99) | o aredinventor | Sam ANTHONY
Applicant Perceptive Automata
Art Unit 2664
Confirmation Number 80908
Examiner Name Charlotte M. Baker
Q}eet | 3 ‘ of | 3 Attorney Docket Number | 35447-42090/US

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):
[C] Thateach item of information contained in the information disclosure statement was first cited in any communication

from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e}(1).

OR

[C] That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification after
making reasonable inquiry, no item of information contained in the information disclosure statement was known to any
individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure statement.
See 37 CFR 1.97(e)(2).

[[] Seeattached certification statement.

|:| The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

XI A certification statement is not submitted herewith.

SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see
CFR 1.4(d) for the form of the signature.

Signature _/Rajendra B. Panwar/  Date (YYYY-MM-DD) : April 3, 2019
Name/Print | Rajendra B. Panwar | Registration Number | 63,165




From the INTERNATIONAL SEARCHING AUTHORITY

FATENT COOPERATION TREATY . URIENT G

To RAJEMNIRA B, PANWAR
FENWICK & WEST LLP
801 CALFORMNIA STREET
MOUNTAIN VIEW, 08 84041
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NOTIFICATION OF TRANSMITTAL OF
THE INTERNATHONAL SEARCH XEPORT AND
THE WRITTEN OPINIGN OF THE INTEBMATIONAL
SEARCHING AUTHORITY, OR THE DRULARATION

{(PUT Rule 4413

Dacclmiie ()7 CER 2019

Applicant's oy agents file reference

- FOR FURTHER ACTION  Sce pursgraphs | and 4 below

PERCEFTIVE AUTOMATA, NG,

SHAAT-AZ0BGAND

Intermationsl sppdication Mo International Aling duie _
POTAIB2018/063458 feepmontivesr) 30 Novismbar 048
Appdicany k

1. 3}?@ The applicant is hereby notificd thet the internstions! semeck report and the wrlten opiaion of the Intgroational Searching

Autherity have been oamblished sod are trafismitied herowith,
Filing ef smendments and siadoment wader Avticle 19 )
The applicant Is ensitied, i he so wishes, 10 sniend the claims of the Infemations] application {see Ruls 48

Whent  The theelm for Sling such nmendments s nurmaliv twe montbs fon e dite of ronsminal of e intornational
BERICH PO

Hew?  Dircotly tothe Ttornational Bursas of WIPO preforahly tirotpH eRCT or o papier 10,39 shemin das Colormbettes
1211 Guneva 20, Bwitsptiond, Faosimile Noo +41 2233883 70
Farmars detdifed Instrgetions, sop POT doplicant s Guide, Inferaations! Phase, paragraphe 5,004 < 301 L

2 E The applicent is heeeby sotified thet o mernations! search ropirt witt booostablished and that the declaration tider

Article 7{2Ha} 1o thet et snd the writen opinion of the International Searching Authority.ace ransmined heeswith,

3 E::} Withregeed o nny protestagainst paymentof fan) additionn] foef(s) vadie Rul $8.2,1h¢ appiicant is notitled that;

e profest tagether with the decision thercon bas been wansmited to the Intarpational Bureas topother it any
regiiest o forward the texts of boil the prolest sad the decision thereon 1o the dosignated Offices
ue gecision bag been made yoi on the protest; the applicant will e nolified s soon as 8 decigion s made,

4, Reminders

Theapplicunt may submit comments 0% 38 informai Basis on thewritten opiniss o7 the Inferustiond! Searching Suthority
1o the fmermational Bureay.  These comments will be made svailable to the public afler international publicesion. The
fgrnationsl Boresn will sopd 2 copy of such oovaments 1o olf designeted Offiess wnless an-intesrational preliminary
exmvination repont has-deer or 530 be esiablished, '

Shortly afer the expitation of 18 menths from e priority Sute; the internations apphontion wWill be publishicd by the
International Buresu. I the spplicant wishes to aveid or posipons publication, & potice of withdawal of the infernations!
application, or of the pristity Ciae, rustmach the International Burete before thy compictinn of the technizal prepevations for
international publication {Rules 93551 and 90830

Within 13 months fromy tie poiarity duce, but only Inregpectof some desighated CiBees, 3o for insrationat pretinitary
examinaiion must befiled 1 the spplivant wishes to posipons the onivy fnto ihe natisnn! phase until 38 menils fror the priority
dute {n some Dffices evedt dalerly otheswlss, the applicunt o, within 20 mouthe fromy thepriorlly dute, pecfiirm e
presoribed acw Tor entey inte the nations] phase bofore those designated Offives. Tn sespect of other desizmntod Dfices, the
e Hmi of 3 months (or later) will apsly oven iWno demand ts filed within 1% months. For details about the spplicsbletime
i, Oifice by Oiffce, seo wawwiwips npetianiex isiine, Y html andibs PCY dppficants Guide, Nattonal Chapiers.
Within 22 menths frame the privrity date, theapplicant may reguest intasupplomentury intormatisnal seureh be enrried
out by differeat Intemational Searching Authority. that offtrs hie-servioe Rule 4503, 13 The procedure fp reguasting
supglementiry internationsl search fsdeseribed inthe POT Appficants Gride, nternationad Phase, paragraphs £.006-8.032,

Mame and maifing address of the IBAS
Rl Slop POT, Atle: ISARIS

Commissionsr for Batanis

.0 Bod T80, Alexarliy, VA ZENTI450

Faesimile Mo, 73-273-8360

Telephone Mo pey sensconsrarmrs

Authotized offtosy
Biaing K. Copénheaver

. PO Hutnene BT 1224306
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