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PROBABILISTIC NEURAL NETWORK FOR PREDICTING HIDDEN CONTEXT

OF TRAFFIC ENTITIES FOR AUTONOMOUS VEHICLES

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims the benefits of priority under 35 USC 119(e) to U.S.
Provisional Application No. 62/802,151 filed on February 06, 2019 and U.S. Provisional
Application No. 62/822,269 filed on March 22, 2019, each of which is incorporated herein by

reference in its entirety for all purposes.

TECHNICAL FIELD
[0001] The present disclosure relates generally navigating an autonomous vehicle
through traffic and more specifically to probabilistic neural networks for predicting hidden

context of traffic entities for autonomous vehicles.

BACKGROUND
[0002] An autonomous vehicle uses different types of sensors to receive input describing
the surroundings of the autonomous vehicle while driving through traffic. For example, an
autonomous vehicle may perceive the surroundings using camera images and lidar scans.
The autonomous vehicle determines whether an object in the surroundings is stationary, for
example, buildings or trees or the object is non-stationary, for example, a pedestrian, a
vehicle, and so on. The autonomous vehicle system predicts the motion of non-stationary
objects to make sure that the autonomous vehicle is able to navigate through non-stationary
obstacles in the traffic.
[0003] Conventional systems predict motion of non-stationary objects using kinematics.
For example, autonomous vehicles may rely on methods that make decisions on how to

control the vehicles by predicting motion vectors of objects near the vehicles. This is
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accomplished by collecting data of an objects current and past movements, determining a
motion vector of the object at a current time based on these movements, and extrapolating a
future motion vector representing the object’s predicted motion at a future time based on the
current motion vector. However, these techniques fail to predict motion of certain non-
stationary objects for example, pedestrians, bicyclists, and so on. For example, if the
autonomous vehicle detects a pedestrian standing in a street corner, the motion of the
pedestrian does not help predict whether the pedestrian will cross the street or whether the
pedestrian will remain standing on a street corner. Similarly, if the autonomous vehicle
detects a bicyclist in a lane, the current motion of the bicycle does not help the autonomous
vehicle predict whether the bicycle will change lanes. Failure of autonomous vehicles fail to
accurately predict motion of non-stationary traffic objects results in unnatural movement of
the autonomous vehicle, for example, as a result of the autonomous vehicle suddenly
stopping due to a pedestrian moving in the road or the autonomous vehicle continuing to wait

for a person to cross a street even if the person never intends to cross the street.

SUMMARY

[0004] Embodiments of the invention use probabilistic neural networks to predict hidden
context attributes associated with traffic entities. A traffic entity may represent a pedestrian,
a bicyclist, or another vehicle in a traffic encountered by a vehicle. The hidden context of a
traffic entity represents behavior of the traffic entities in the traffic. The system trains a
probabilistic neural network for help in navigating through traffic. The probabilistic neural
network is configured to receive an image of traffic as input and generate output representing
hidden context for a traffic entity displayed in the image.

[0005] The probabilistic neural network generates a feature vector for a plurality of

features. The feature vector comprises values describing statistical distribution for each
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feature. The generated output of the probabilistic neural network comprises a plurality of
values, each value representing a likelihood of receiving a particular user response from a
user presented with the image. The training data set may comprise statistical information
describing user responses of users presented with images of traffic.

[0006] The system receives a new camera image captured by a camera mounted on an
autonomous vehicle navigating through traffic. The system executes the probabilistic neural
network to generate output representing hidden context for a traffic entity displayed in the
new image. The system determines a measure of uncertainty for each of the plurality of
values. The autonomous vehicle navigates to avoid the traffic entity identified in the new
image. The navigation of the autonomous vehicle is based on at least the measure of
uncertainty generated by the probabilistic neural network.

[0007] In an embodiment, the values describing statistical distribution for each feature
comprise a mean value and a standard deviation for the feature. The probabilistic neural
network is configured to generate samples of features that correspond to their respective
distributions. These samples are used to generate different outputs. The distribution of the
generated outputs is used to determine a measure of uncertainty of the outputs. The measure
of uncertainty is used to navigate the vehicle through traffic, for example, to determine how
far to stay from a traffic entity displayed in the image that was provided as input to the
probabilistic neural network.

[0008] In an embodiment, training the probabilistic neural network comprises
determining evidence lower bound between the predicted output and labels of training data
set. For example, the predicted output can be a plurality of values and the labels represent a
plurality of values representing statistical summary determined from user responses obtained
from users presented with images. The training process performs backpropagation based on

the evidence lower bound.
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[0009] In an embodiment, determining the measure of uncertainty for each of the
plurality of values is performed by generating a plurality of samples for the input image using
the probabilistic neural network and determining a confidence interval for each of the
plurality of input using the plurality of samples.

[0010] In an embodiment, the autonomous vehicle navigates to ensure that the
autonomous vehicle stays at least a threshold distance away from the traffic entity displayed
in the new image. The threshold distance is determined based on the measure of uncertainty
generated by the probabilistic neural network. For example, the threshold distance is
determined to be a value directly related to the measure of uncertainty generated by the
probabilistic neural network.

[0011] The hidden context may represent a state of mind of a user represented by the
traffic entity. The hidden context may represent a task that a user represented by the traffic
entity is planning on accomplishing. The hidden context may represent a goal of a user
represented by the traffic entity, wherein the user expects to achieve the goal within a
threshold time interval. For example, the hidden context may represent a near term goal of
the person represented by the traffic entity, for example, indicating that the person is likely to
cross the street, or indicating that the person is likely to pick up an object (e.g., a wallet)
dropped on the street but stay on that side of the street, or any other task that the person is
likely to perform within a threshold time interval. The hidden context may represent a degree
of awareness of the autonomous vehicle by a user represented by the traffic entity, for
example, whether a bicyclist driving in front of the autonomous vehicle is likely to be aware
that the autonomous vehicle is behind the bicycle.

[0012] In an embodiment, navigating the autonomous vehicle comprises generating
signals for controlling the autonomous vehicle based on the motion parameters, the hidden

context of a traffic entity, and the measure if uncertainty generated for the traffic entity by the
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probabilistic neural network. The generated signals are sent to the controls of the
autonomous vehicle.
[0013] In an embodiment, the probabilistic neural network is a probabilistic

convolutional neural network.

BRIEF DESCRIPTION OF FIGURES
[0008] 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.
[0009] FIG. 1 is a system diagram of a networked system for predicting human behavior
according to some embodiments of the invention.
[0009] FIG. 2 is the system architecture of a vehicle computing system that routes an
autonomous vehicle based on prediction of hidden context associated with traffic objects
according to an embodiment of the invention.
[0010] FIG. 3 is a system diagram showing a sensor system associated with a vehicle,
according to some embodiments of the invention.
[0011] FIG. 4 is a flowchart showing a process of training a machine learning based model to
predict hidden context information describing traffic entities, according to some
embodiments of the invention.
[0012] FIG. 5 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 invention.
[0013] FIG. 6 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 invention.
[0014] FIG. 7 represents a flowchart illustrating the process of navigating the autonomous

vehicle based on hidden context, according to an embodiment.
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[0014] FIG. 8 represents a flowchart illustrating the process of generating training dataset
for training of neural network illustrated in FIG. 2, according to an embodiment.

[0015] FIG. 9 represents a flowchart illustrating the process of training of neural network
illustrated in FIG. 1B, according to an embodiment.

[0016] FIG. 10 represents a flowchart illustrating the process of generating training
dataset for training of neural network illustrated in FIG. 2, according to another embodiment.
[0017] FIG. 11 is a block diagram illustrating components of an example machine able to
read instructions from a machine-readable medium and execute them in a processor (or

controller).

DETAILED DESCRIPTION
[0018] Embodiments of the invention predict hidden context associated with traffic
entities that determines behavior of these traffic entities in the traffic. A traffic entity
represents an object in traffic, for example, a pedestrian, a bicycle, a vehicle, a delivery robot,
and so on. Hidden context includes factors that affect the behavior of such traffic entities, for
example, a state of mind of a pedestrian, a degree of awareness of the existence of the
autonomous vehicle in the vicinity (for example, whether a bicyclist is aware of the existence
of the autonomous vehicle in the proximity of the bicyclist), and so on. The system uses the
hidden context to predict behavior of people near a vehicle in a way that more closely
resembles how human drivers would judge the behavior.
[0019] In one embodiment, a group of users (or human observers) view sample images of
traffic entities (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 a machine learning based model 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
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machine learning based model predicts behavior of traffic entities in a real-world
environment, for example, actual pedestrian behavior in a real-world environment.

[0020] A non-stationary object may also be referred to as a movable object. An object in
the traffic may also be referred to as an entity or a traffic entity.

[0021] Systems for predicting human interactions with vehicles are disclosed in U.S.
Patent Application Number 15/830,549, filed on December 4, 2017 which is incorporated
herein by reference in its entirety.

System Environment

[0022] FIG. 1 is a system diagram of a networked system for predicting human behavior
according to some embodiments of the invention. FIG. 1 shows a vehicle 102, a network
104, a server 106, a user response database 110, a client device 108, a model training system
112 and a prediction engine 114.

[0023] 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.

[0024] 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.
In an embodiment, the prediction engine 114 comprises a neural network 120.

[0025] 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 client device 108), (2) recording responses of multiple users (or human observers) to
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the information, and (3) delivering such information and accompanying responses (such as
responses input via client device 108) back to the network 104.

[0026] 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.

[0027] 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.

[0028] The prediction engine 114 can be implemented in any computing system. In an
illustrative example, the prediction engine 114 executes a process that executes a model that
has been trained by the model training system 112. This process estimates 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.

[0029] In an embodiment, the prediction engine 114 uses machine learning based models

for predicting hidden context values associated with traffic entities. In an embodiment, the
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machine learning based model is a neural network configured to receive an encoding of an
image or a video of a traffic entity as input and predict hidden context associated with the
traffic entity. Examples of traffic entities include pedestrians, bicyclists, or other vehicles.
Examples of hidden context include, awareness of a bicyclist that a particular vehicle is
driving close to the bicyclist, and intent of a pedestrian, for example, intent to cross a street,
intent to continue walking along a sidewalk, and so on.

[0030] FIG. 2 is the system architecture of neural network used for prediction of hidden
context associated with traffic entities, according to some embodiments of the invention. The
neural network 120 is a deep neural network comprising a plurality of layers of nodes. The
layers of the neural network comprise an input layer that receives the input values, an output
layer that outputs the result of the neural network and one or more hidden layers. Each
hidden layer receives input from a previous layer and generates values that are provided as
input to a subsequent layer. In an embodiment, the neural network 120 is a probabilistic
neural network. In an embodiment, the neural network 120 is a convolutional neural
network, for example, a probabilistic convolutional neural network. In an embodiment, the
neural network 120 is an LSTM (long short-term model).

[0031] The neural network 120 receives an encoding of an image or video as input 123.
The neural network is configured to predict estimates of measures of uncertainty for hidden
context attributes. The input 123 comprises stored images or videos provided as training data
during a training phase of the neural network 120. An image may represent a video frame.
Once the neural network 120 is trained, the neural network 120 may be deployed in a vehicle,
for example, an autonomous vehicle.

[0032] In an embodiment, the neural network 120 is a multi-task neural network
configured to predict a plurality of output values representing different hidden context

attributes. A multi-task neural network provides efficiency in training the model since the
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same model is able to predict multiple values. Accordingly, the process of training of the
neural network as well as execution of the trained neural network is efficient in terms of
performance. Furthermore, the sharing of the feature extraction component 125 across
different prediction components 130 results in better training of the neural network.

[0033] The sensors of an autonomous vehicle capture sensor data 160 representing a
scene describing the traffic surrounding the autonomous vehicle. The traffic includes one or
more traffic entities, for example, a pedestrian. The autonomous vehicle provides sensor data
as input to the neural network 120, for example, video frames of videos captured by cameras
of the autonomous vehicle. In an embodiment, the input to the neural network 120 is a
portion of a video frame that represents a bounding box around a traffic entity, for example, a
pedestrian. In an embodiment, the input to the neural network is a sequence of bounding
boxes surrounding the traffic entity obtained from a sequence of video frames showing the
traffic entity, for example, in a video of a pedestrian captured as the pedestrian walks on a
street. The autonomous vehicle uses the results of the neural network model to generate
control signals for providing to the vehicle controls for example, accelerator, brakes, steering,
and so on for navigating the autonomous vehicle through traffic.

[0034] The neural network 120 comprises components including a feature extraction
component 125 and a plurality of prediction components 130a, 130b, 130c, and so on. Each
prediction component 130 predicts values for a particular hidden context attribute. For
example, a prediction component 130a may predict values describing intent of a pedestrian to
perform certain action (e.g., crossing the street), a prediction component 130b may predict
values describing awareness of a bicyclist of a vehicle following the bicyclist, and so on.
[0035] Each prediction component outputs two values associated with a hidden context
attribute, a value 132 representing the predicted value of the hidden context attribute and a

value 134 representing a measure of uncertainty associated with the predicted value 132. In
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an embodiment, the predicted value 132 represents parameters describing statistical
distribution of a hidden context attribute. In an embodiment, the predicted value 132 is a
vector such that each value of the vector represents a likelihood that at an observer would
assign a particular value to the hidden context attribute. For example, the hidden context
attribute may have a plurality of possible values v1, v2, v3, and so on and the predicted value
132 is a vector comprising probability values p1, p2, p3, and so on such that p1 represents a
likelihood that at an observer would assign value v1 to the hidden context attribute, p2
represents a likelihood that at an observer would assign value v2 to the hidden context
attribute, p3 represents a likelihood that at an observer would assign value v3 to the hidden
context attribute, and so on.

[0036] The predicted value 134 is a measure of uncertainty corresponding to the output
132. Accordingly, if the output 132 is a vector of multiple values, the output 134 is also a
vector of multiple values, each value of the vector corresponding to output 134 representing a
measure of uncertainty for the corresponding value in the vector corresponding to output 132.
[0037] As an example, the system requests user responses from users observing images
of traffic entities, wherein each user response is one of a plurality of values. Each value from
the plurality of values corresponds to a rating that the user provides to a hidden context of the
traffic entity. For example, the user response may be a value between 1 to 5 (e.g., each user
response is one value selected from the values 1, 2, 3, 4, and 5). The user response indicates,
what the user believes is the value of the hidden context attribute, for example, on a scale
from 1-5, a number indicating how likely the user believes, a pedestrian is likely to cross the
street or how likely a bicyclist is aware of a vehicle. The output 132 represents a vector of
values, each value corresponding to a possible user response and representing the likelihood

that a user presented with the input image would provide that user response. The output 134
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represents a vector of values, each value representing a measure of uncertainty for the
corresponding value from output 132.

[0038] In an embodiment, the neural network 120 is a probabilistic neural network that
may generate different outputs for the same input if the neural network is executed
repeatedly. However, the outputs generated have a particular statistical distribution, for
example, mean and standard deviation. The training process adjusts the parameters of the
neural network so that the statistical distribution of the predicted output matches the
statistical distribution of the labels in the training dataset. The statistical distribution is
determined by parameters of the neural network that can be adjusted to generate different
statistical distributions. In an embodiment, the feature extraction component generates
features such that each feature value is associate with a statistical distribution, for example,
mean and standard deviation values.

[0039] In an embodiment, the system trains the probabilistic neural network using
stochastic variational inference techniques. The stochastic variational inference technique
approximates a posterior likelihood (or probability) of data, given the probabilities that are
determined using the random variables of the probabilistic neural network. The system
adjusts the weights of the probabilistic neural network using back propagation. The system
performs back propagation to optimize the evidence lower bound between the predicted
values using images from the training data set and the actual values determined from the user
responses obtained in response to observing images from the training data set. In an
embodiment, the system determined evidence lower bound using Kullback-Leibler
divergence between the predicted values and the actual values obtained from user responses.
The system uses Kullback—Leibler divergence to compare the statistical distribution of the
predicted values with the statistical distribution of the actual values obtained from user

responsces.
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[0040] In an embodiment, the neural network 120 generates uncertainty estimate values
corresponding to each of the plurality of possible values of the hidden context attribute. For
example, the hidden context attribute values may be classified using a plurality of bins, each
bin representing a range (or set) of values. The neural network 120 generates uncertainty
estimate values for each bin.

[0041] FIG. 3 is a system diagram showing a sensor system associated with a vehicle,
according to some embodiments of the invention. 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.

[0042] 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.

[0043] 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.

[0044] FIG. 4 is a flowchart showing a process of training a machine learning based
model to predict hidden context information describing traffic entities, according to some
embodiments of the invention. 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
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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, etc.
moving or being stationary on or near the streets. In step 402, this video or other data
captured by the camera or other sensor is transmitted from the vehicle 102, over the network
104, and to the server 106 where it is stored.

[0045] Then, in step 404, 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.

[0046] In step 406, the derived stimulus is transmitted from the server 106 and displayed
to a large number of users (or human observers) on the client device 108 (or multiple client
devices 108). The client devices(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, the human
observers may predict that a bicyclist will continue riding, whether a first person in the

stimulus will cross the street, whether another person will remain standing on a street corner,
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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 people shown in the derived stimulus and record that judgment.
For example, the human observers may select an appropriate icon displayed on the client
devices(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 408, the derived stimulus and associated human observer responses are
transmitted from the client device(s) 108 to the server 106 and recorded in the user response
database 110.

[0047] In step 410, 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, etc. 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
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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. Ina
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.

[0048] In step 412, 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 bounding box drawn to
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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.

[0049] In step 414, 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.

[0050] 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
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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.
[0051] The server 106 generates derived stimuli from raw camera or sensor data of the
vehicle for presenting to human observers. 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.

[0052] Some of the frames may 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. Frames may
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.
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[0053] Predictions and other information is collected from human observers based on
derived stimuli. Human observers are given detailed instructions about how to answer
questions about derived stimuli. Those observers are presented with derived stimuli and
asked to answer questions about them. The observers respond to the stimuli and those
responses are recorded. The recorded responses are aggregated and logged in a database, for
example, the user response database 110.

[0054] Human observers 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.

[0055] 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
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.

[0056] The judgment that the human observer makes is a hidden context attribute that
may represent 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
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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”.

[0057] 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.

[0058] 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.

[0059] The responses are aggregated and recorded in a data structure, such as the user
response database 110. This data structure is then sent as a text field to a networked
computer system running database software and logged in a database.

[0060] 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 tum. In some
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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) 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.

[0061] An amount of time associated with a subject responding to the derived stimulus
may also be 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.

[0062] Summary statistics of a video frame or derived stimulus is generated. 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. The calculated summary statistics are linked to the video frame or sensor data frame
associated with the responses from which they were calculated.

[0063] The summary statistics is used for training machine learning based models. The
machine learning based model 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
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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] In one embodiment of the model training system 112, the machine learning based
model 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 serves 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 be repeated for each image (or for each combination of pixel data and human
observer summary statistics) in the training set. At the end of this process the model is

“trained”, which in some embodiments, means that the difference between the summary
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statistics output by the neural network and the summary statistics calculated from the
responses of the human observers is minimized.

[0065] FIG 5. 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 invention. In
step 500, the training algorithm receives a “real world” or “live data” video or sensor frame.
Then in step 502, the trained algorithm analyzes the frame, thus enabling the algorithm in
step 504 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 500. 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 502. 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 a trained
artificial neural network. At the final stage of the processing in the artificial network, it
would produce an output. This output is the model output in step 504.

[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 504. 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. 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
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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.

[0069] FIG. 6 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
invention. In this example intention 606 618 means that the road user 602 614 has the goal of
moving into the path of the vehicle 600 before the vehicle 600 (on which the system is
mounted) reaches their position. Awareness 604 616 in this example means that the road user
602 614 understands that the vehicle on which the system is mounted 600 is present in their
vicinity. In this example, when cyclist 602 rides into the field of view of a camera mounted
on vehicle 600, the pixel data of the camera image of the cyclist is fed to a trained machine
learning based model as described above in step 500. The trained machine learning based
mode] analyzes the image as described above in step 502. The trained machine learning
based model predicts summary statistics as in step 504. 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. 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 606 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 606 is relatively high, as indicated by
the number of horizontal bars in the display. The system installed on an automobile 600 also
makes predictions about the awareness 604 of cyclists of the vehicle 600, by the same method
described for intention. It also makes predictions about the willingness of an automobile 608
to yield 610 or its desire to turn across the system-containing vehicle’s path 612 by the same

method described above. In the case of the automobile the questions that human subjects
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answered that would be predicted by the algorithm are “would the vehicle be willing to yield”
610 and “does the vehicle wish to turn across your path” 612. It also makes predictions about
the likelihood of pedestrians 614 to cross in front of the vehicle 618, and whether those
pedestrians are aware of the vehicle 616, by the same method described above.

[0070] The models described above may be implemented as a real-time module that
makes predictions of behavior of traffic entities based on input from cameras or other sensors
installed on a car 600. In the case of an autonomous car, these predictions may be used to
make inferences about the intent of road users such as cyclists 602, other motorists 608, and
pedestrians 614 to cross into the path of the car, as well as whether the road users are aware
of the car and its future path. 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).

Navigating Autonomous Vehicle Based on Hidden Context

[0071] The vehicle computing system 122 predicts hidden context representing intentions
and future plans of a traffic entity. The hidden context may be used for navigating the
autonomous vehicle, for example, by adjusting the path planning of the autonomous vehicle
based on the hidden context. The vehicle computing system 122 may improve the path
planning by taking a machine learning based model that predicts the hidden context
representing a level of human uncertainty about the future actions of pedestrians and cyclists
and uses that as an input into the autonomous vehicle’s motion planner. The training dataset
of the machine learning models includes information about the ground truth of the world
obtained from one or more computer vision models. The prediction engine 114 and the
trained neural network 120 is provided to a vehicle computing system 122 of a vehicle (e.g.,

an autonomous vehicle) for execution at run time, for example, while navigating the vehicle
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through traffic. The vehicle computing system 122 may use the output of the prediction
engine 114 to generate a probabilistic map of the risk of encountering an obstacle given
different possible motion vectors at the next time step. Alternatively, the vehicle computing
system 122 may use the output of the prediction engine 114 to determine a motion plan which
incorporates the probabilistic uncertainty of the human assessment.

[0072] In an embodiment, the prediction engine 114 determines a metric representing a
degree of uncertainty in human assessment of the near-term goal of a pedestrian or any user
representing a traffic entity. The specific form of the representation of uncertainty is a model
output that is in the form of a probability distribution, capturing the expected distributional
characteristics of user responses of the hidden context of traffic entities responsive to the
users being presented with videos/images representing traffic situations. The model output
may comprise summary statistics of hidden context, i.e., the central tendency representing the
mean likelihood that a person will act in a certain way and one or more parameters including
the variance, kurtosis, skew, heteroskedasticity, and multimodality of the predicted human
distribution. These summary statistics represent information about the level of human
uncertainty.

[0073] In an embodiment, the vehicle computing system 122 determines the measure of
uncertainty as a confidence interval for a predicted output 132. At inference time (i.e.,
execution time) for the neural network 120, the vehicle computing system 122 executes the
neural network 120 to generate multiple samples per output value. For example, if the user
response can be any one of a plurality of user response values, the probabilistic neural
network generates an output value corresponding to each of the plurality of user response
values. The vehicle computing system 122 executes the probabilistic neural network to
generate m samples for each output value (where m is value greater than 1). Accordingly,

there are m probabilities generated per output value. The vehicle computing system 122 uses
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this collection of probabilities for each output value to determine the measure of uncertainty
for that output value. In an embodiment, the vehicle computing system 122 generates a
measure of uncertainty represented by a confidence interval. For example, the vehicle
computing system 122 may generate a 95% confidence interval by considering the 2.5% and
97.5% percentile for each possible output value. Each output value may correspond to a bin
representing a possible user response.

[0074] The vehicle computing system 122 may determine the confidence interval by
determining various statistical metrics from the generated set of output values corresponding
to the generated samples and combining the statistical measures. For example, the vehicle
computing system 122 may determine a mean value, a Z-value and determine the confidence
interval based on the mean value and the Z-value. In an embodiment, the vehicle computing
system 122 determines the confidence interval using the formula X + z* ¢ / (vVn), where % is
the mean value of the set, z is the z-value, o is the standard deviation, and n is the number of
observations. The z-value depends on the percentage value corresponding to the confidence
interval. The vehicle computing system 122 may determine a N% confidence interval, where
example values of N are 95%, 90%, or any other percentage value. The z-value depends on
the value of N.

[0075] In an embodiment, the vehicle computing system 122 represents the hidden
context as a vector of values, each value representing a parameter, for example, a likelihood
that a person represented by a traffic entity is going to cross the street in front of the
autonomous vehicle, a degree of awareness of the presence of autonomous vehicle in the
mind of a person represented by a traffic entity, and so on.

Overall Process of Navigating an Autonomous Vehicle Through Traffic

[0076] FIG. 7 represents a flowchart illustrating the process of navigating the

autonomous vehicle based on hidden context, according to an embodiment. The vehicle
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computing system 122 receives 700 sensor data from sensors of the autonomous vehicle. For
example, the vehicle computing system 122 may receive lidar scans from lidars and camera
images from cameras mounted on the autonomous vehicle. In an embodiment, the vehicle
computing system 122 builds a point cloud representation of the surroundings of the
autonomous vehicle based on the sensor data. The point cloud representation includes
coordinates of points surrounding the vehicle, for example, three dimensional points and
parameters describing each point, for example, the color, intensity, and so on.

[0077] The vehicle computing system 122 identifies 702 one or more traffic entities
based on the sensor data, for example, pedestrians, bicyclists, or other vehicles driving in the
traffic. The traffic entities represent non-stationary objects in the surroundings of the
autonomous vehicle.

[0078] In an embodiment, the autonomous vehicle obtains a map of the region through
which the autonomous vehicle is driving. The autonomous vehicle may obtain the map from
a server. The map may include a point cloud representation of the region around the
autonomous vehicle. The autonomous vehicle performs localization to determine the location
of the autonomous vehicle in the map and accordingly determines the stationary objects in the
point cloud surrounding the autonomous vehicle. The autonomous vehicle may superimpose
representations of traffic entities on the point cloud representation generated.

[0079] The vehicle computing system 122 repeats the following steps 704 and 706 for
each identified traffic entity. The vehicle computing system 122 determines 704 motion
parameters for the traffic entity, for example, speed and direction of movement of the traffic
entity. The vehicle computing system 122 also determines 706 a hidden context associated
with the traffic entity using the prediction engine 114. The vehicle computing system 122
determines a measure of uncertainty for the hidden context using the probabilistic neural

network.
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[0080] The vehicle computing system 122 navigates 708 the autonomous vehicle based
on the motion parameters, the hidden context, and the measure of uncertainty. For example,
the vehicle computing system 122 may determine a safe distance from the traffic entity that
the autonomous vehicle should maintain based on the motion parameters of the traffic entity.
The safe distance is also referred to as a threshold distance, such that the autonomous vehicle
navigates to stay at least the threshold distance away from a traffic entity observed in the
traffic. The vehicle computing system 122 modulates the safe distance based on the hidden
context. The vehicle computing system 122 may adjust the safe distance based on whether
the near-term goal of the person indicating that the person intends to reach a location in the
direction of the movement of the traffic entity or in a different direction. For example, based
on the motion parameters, the vehicle computing system 122 may determine that the
autonomous vehicle can drive within X meters of the traffic entity. However, the hidden
context indicates that the person represented by the traffic entity intends to cross the street in
a direction different from the direction indicated by the motion parameters. In this situation,
the vehicle computing system 122 adjusts the safe distance such that the autonomous vehicle
is able to drive closer to the traffic entity than the distance X. On the other hand, if the
hidden context indicates that the person represented by the traffic entity intends to cross the
street in a direction same as the direction indicated by the motion parameters, the vehicle
computing system 122 adjusts the safe distance such that the autonomous vehicle maintains a
distance greater than X from the traffic entity.

[0081] The vehicle computing system 122 modulates the safe distance based on the
measure of uncertainty for the output values. In cases where the measure of uncertainty is
very high, the vehicle computing system 122 increases the safe distance from the traffic
entity by certain factor. In cases where the measure of uncertainty is very low, the vehicle

computing system 122 does not adjust the safe distance from the traffic entity or increases the
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safe distance from the traffic entity by a much smaller factor. Accordingly, the vehicle
computing system 122 determines the safe distance to be a value directly related to the
measure of uncertainty generated by the probabilistic neural network. For example, the
factor by which the safe distance is increased is a value directly proportional to a degree of
uncertainty of the output.

Overall Process of Training Neural Network

[0082] FIG. 8 represents a flowchart illustrating the process of generating training dataset
for training of neural network illustrated in FIG. 1B, according to an embodiment. The steps
illustrated in the flowchart may be performed in an order different from that illustrated in
FIG. 8. For example, certain steps may be performed in parallel. The steps may be
performed by modules other than those indicated herein.

[0083] The vehicle computing system 122 receives 800 sensor data from sensors of the
autonomous vehicle. For example, the vehicle computing system 122 may receive lidar scans
from lidars and camera images from cameras mounted on the autonomous vehicle. The
vehicle computing system 122 provides the sensor data to the server 106 which provides the
sensor data to the model training system 82. The server 106 identifies one or more traffic
entities based on the sensor data, for example, pedestrians, bicyclists, or other vehicles
driving in the traffic. The traffic entities represent non-stationary objects in the surroundings
of the autonomous vehicle.

[0084] The server 106 determines stimuli for presenting to users. A stimulus may be an
image, for example, a video frame showing a traffic entity. A stimulus may be a video, for
example, a portion of a video showing a traffic entity. In an embodiment, the server 106
identifies a bounding box surrounding a video frame or image and may present only the

portion of the video frame or image within the bounding box to a user.
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[0085] The server 106 repeats the following steps for each stimulus. The server 106
presents 804 the stimuli to users with request to provide user responses describing some
hidden context attribute of the traffic entity, for example, state of mind of a
pedestrian/bicyclist or a measure of awareness of a vehicle by a pedestrian or bicyclist. The
stimuli are presented to users via a user interface, for example, via a webpage of a website.
The server 106 repeats the step of presenting 804 and receiving 806 user responses for each
of a plurality of users.

[0086] The server 106 determines 808 a statistical distribution of user responses. For
example, the statistical distribution may comprise a mean value and a standard deviation
value. The server 106 stores 810 the stimulus and corresponding statistical distribution of
user responses as training dataset for training of the neural network 120. The server 106
provides the training dataset to the model training system 112.

[0087] FIG. 9 represents a flowchart illustrating the process of training of neural network
illustrated in FIG. 2, according to an embodiment. The steps illustrated in the flowchart may
be performed in an order different from that illustrated in FIG. 9. For example, certain steps
may be performed in parallel. The steps may be performed by modules other than those
indicated herein.

[0088] The model training system 112 performs the following steps to train the neural
network 120. The model training system 112 repeats the steps for each image/video frame or
video stored in the training dataset. The model training system 112 provides a video frame as
input to the neural network 120. The video frame may be encoded for example, as an array
of pixel data. Each pixel data may comprise the position of the pixel in the image and one or
more values, for example, color of the pixel.

[0089] The model training system 112 executes the neural network 120 to generate

outputs. The model training system 112 repeatedly executes the neural network 120. As part
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of execution, the feature extraction component 125 of the neural network 120 generates 915 a
feature vector. The system determines 918 parameters of random variables based on the
feature vector, for example, mean and standard deviation for a normal distribution. The
system performs sampling 920 of the random variables to generate a matrix wherein the rows
of the matrix are sampled vectors of values. The system probability values corresponding to
each row for example by applying 922 a softmax function to each row.

[0090] Each prediction component 130 predicts 918 output values of the hidden context.
The neural network 120 may generate a different output in each execution and the output
values have a particular statistical distribution that is determined by the parameters of the
neural network 120.

[0091] The model training system 112 determines 925 statistical distribution of the
predicted output values. The model training system 112 compares 930 the statistical
distribution of the predicted output values with the statistical distribution of the user
responses received by presenting the video frame to users as a stimulus. The model training
system 112 may determine a loss function value based on the statistical distribution of the
predicted output values with the statistical distribution of the user responses. The model
training system 112 adjusts the parameters of the neural network 120 by performing back
propagation to minimize the loss function.

[0092] The trained neural network is provided to the vehicle computing system 122 for
use in navigating the autonomous vehicle. The autonomous vehicle receives sensor data, for
example, camera images/video frames as the autonomous vehicle drives through traffic. The
vehicle computing system 122 identifies traffic entities in the images/video frames. The
vehicle computing system 122 preprocesses the video frames if necessary, for example, to
select a portion of the video frame showing a bounding box around the traffic entity and

provides the preprocessed video frame to the neural network 120 as input. The vehicle
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computing system 122 executes the neural network to generate outputs indicating values of
hidden context attributes and uncertainty values associated with the predicted outputs. The
vehicle computing system 122 uses the output of the neural network 120 to navigate the
autonomous vehicle through the traffic. In an embodiment, the vehicle computing system 122
uses the output generated by the neural network to generate control signals provided to the
controls of the vehicle, for example, braking system, accelerator, steering, and so on.

[0093] FIG. 10 represents a flowchart illustrating the process of generating training
dataset for training of neural network illustrated in FIG. 2, according to another embodiment.
The system receives an image 1002, for example, a video frame. The system inserts the
image into a feature extractor 1004, for example, the feature extraction component 125. The
feature extractor produces a feature vector 1006 that has a plurality of elements.

[0094] The neural network 120 repeats the following steps for N times of the neural
network 120 is a multi-task neural network that produces outputs corresponding to N tasks.
The feature vector is processed by a probabilistic dense layer 1008 of the neural network 120
(which may be part of the feature extraction component 125). The probabilistic dense layer
1008 of the neural network 120 produces a vector 1010 of mean values and a vector 1012 of
deviation values. In other embodiments, the probabilistic dense layer 1008 may generate
other types of statistical distribution parameters. In other embodiments, other parameters can
be used depending on the type of random variable, for example, Normal, Laplace, Beta,
Multinomial, Student-t, and so on.

[0095] The neural network 120 combines the vectors 1010 and 1012 to generate a vector
1014 of random variables, for example, a vector of normal distributions. The neural network
120 performs sampling from the vector of normal distributions to generate a matrix 1016
where each row represents a sampled vector of values. The neural network 120 applies

softmax function on the rows to produce probability values for each row. The neural network

33
TESLA EXHIBIT 1002, Page 37



uses the probability values to generate distribution 1018 of probabilities according to bins of
outputs.

[0096] In some embodiments, the neural network 120 also identifies confidence intervals
1020 when the trained model is executed, i.e., during inference time, for example, during
navigation of a vehicle. The confidence interval may not be determined during training of
neural network 120. At inference time, the value of m > 1, i.e., multiple samples are
generated. Accordingly, per random variable, m samples are generated. For example, if
there are 5 random variables, or 1 per output bin, the neural network 120 generates m
probabilities per bin. With this collection of probabilities for one certain bin, the neural
network 120 computes any percentile (since they are all estimates of the same number). For
example, for a 95% confidence interval, the system takes the 2.5th and 97.5th percentiles for
every individual bin.

Computing Machine Architecture

[0100] FIG. 11 is a block diagram illustrating components of an example machine able to
read instructions from a machine-readable medium and execute them in a processor (or
controller). Specifically, FIG. 11 shows a diagrammatic representation of a machine in the
example form of a computer system 1100 within which instructions 1124 (e.g., software) for
causing the machine to perform any one or more of the methodologies discussed herein may
be executed. In alternative embodiments, the machine operates as a standalone device or may
be connected (e.g., networked) to other machines. In a networked deployment, the machine
may operate in the capacity of a server machine or a client machine in a server-client network
environment, or as a peer machine in a peer-to-peer (or distributed) network environment.
[0101] The machine may be a server computer, a client computer, a personal computer
(PC), a tablet PC, a set-top box (STB), a personal digital assistant (PDA), a cellular

telephone, a smartphone, a web appliance, a network router, switch or bridge, or any machine
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capable of executing instructions 1124 (sequential or otherwise) that specify actions to be
taken by that machine. Further, while only a single machine is illustrated, the term
“machine” shall also be taken to include any collection of machines that individually or
jointly execute instructions 1124 to perform any one or more of the methodologies discussed
herein.

[0102] The example computer system 1100 includes a processor 1102 (e.g., a central
processing unit (CPU), a graphics processing unit (GPU), a digital signal processor (DSP),
one or more application specific integrated circuits (ASICs), one or more radio-frequency
integrated circuits (RFICs), or any combination of these), a main memory 1104, and a static
memory 1106, which are configured to communicate with each other via a bus 1108. The
computer system 1100 may further include graphics display unit 1110 (e.g., a plasma display
panel (PDP), a liquid crystal display (LCD), a projector, or a cathode ray tube (CRT)). The
computer system 1100 may also include alphanumeric input device 1112 (e.g., a keyboard), a
cursor control device 1114 (e.g., a mouse, a trackball, a joystick, a motion sensor, or other
pointing instrument), a storage unit 1116, a signal generation device 1118 (e.g., a speaker),
and a network interface device 1120, which also are configured to communicate via the bus
1108.

[0103] The storage unit 1116 includes a machine-readable medium 1122 on which is
stored instructions 1124 (e.g., software) embodying any one or more of the methodologies or
functions described herein. The instructions 1124 (e.g., software) may also reside,
completely or at least partially, within the main memory 1104 or within the processor 1102
(e.g., within a processor’s cache memory) during execution thereof by the computer system
1100, the main memory 1104 and the processor 1102 also constituting machine-readable
media. The instructions 1124 (e.g., software) may be transmitted or received over a network

1126 via the network interface device 1120.
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[0104] While machine-readable medium 1122 is shown in an example embodiment to be
a single medium, the term “machine-readable medium” should be taken to include a single
medium or multiple media (e.g., a centralized or distributed database, or associated caches
and servers) able to store instructions (e.g., instructions 1124). The term “machine-readable
medium” shall also be taken to include any medium that is capable of storing instructions
(e.g., instructions 1124) for execution by the machine and that cause the machine to perform
any one or more of the methodologies disclosed herein. The term “machine-readable
medium” includes, but not be limited to, data repositories in the form of solid-state memories,
optical media, and magnetic media.

Additional Considerations

[0097] For every flowchart presented herein in the figures, the steps illustrated in the
flowchart may be performed in an order different from that illustrated in the figure. For
example, certain steps may be performed in parallel. The steps may be performed by
modules other than those indicated herein.

[0098] Although embodiments disclosed describe techniques for navigating autonomous
vehicles, the techniques disclosed are applicable to any mobile apparatus, for example, a
robot, a delivery vehicle, a drone, and so on.

[0099] 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,
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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.

[00100] 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).

[00101] 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 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
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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.

[00102] 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.

[00103] 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.

[00104] Itis 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
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capable of other embodiments and of being practiced and carried out in various ways. Also,
it is to be understood that the phraseology and terminology employed herein are for the
purpose of description and should not be regarded as limiting.

[00105] 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.

[00106] 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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We claim:

1. A method for navigating autonomous vehicles, comprising:
training a probabilistic neural network, the probabilistic neural network configured to
perform steps comprising:
receiving as input, an image of traffic, the image displaying a traffic entity
belonging to the traffic,
generating a feature vector for a plurality of features, the feature vector
comprising values describing statistical distribution for each feature,
and
generating output representing hidden context for the traffic entity, the output
comprising a plurality of values, each value representing a likelihood
of receiving a particular user response from a user presented with the
image;
receiving a new camera image captured by a camera mounted on an autonomous
vehicle navigating through traffic;
executing the probabilistic neural network to generate output representing hidden
context for at least a traffic entity displayed in the new image;
determining a measure of uncertainty for each of the plurality of values; and
navigating the autonomous vehicle to avoid the traffic entity displayed in the new
image, the navigation based on at least the measure of uncertainty generated

by the probabilistic neural network.

2. The method of claim 1, wherein the values describing statistical distribution for each

feature comprise a mean value and a standard deviation for the feature.
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3. The method of claim 1, wherein training the probabilistic neural network comprises
determining evidence lower bound between the plurality of values predicted and a plurality of
values determined from user responses obtained from users presented with images from the

training dataset.

4. The method of claim 1, wherein determining the measure of uncertainty for each of
the plurality of values comprises:
generating a plurality of samples for the input image using the probabilistic neural
network; and
determining the confidence interval for each of the plurality of input using the

plurality of samples.

5. The method of claim 1, wherein navigating the autonomous vehicle comprises
ensuring that the autonomous vehicle stays at least a threshold distance away from the traffic
entity displayed in the new image, the threshold distance determined based on the measure of

uncertainty generated by the probabilistic neural network.

6. The method of claim 1, wherein the threshold distance is determined to be a value

directly related to the measure of uncertainty generated by the probabilistic neural network.

7. The method of claim 1, wherein the hidden context represents a state of mind of a

user represented by the traffic entity.

8. The method of claim 1, wherein the hidden context represents a task that a user

represented by the traffic entity is planning on accomplishing.
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9. The method of claim 1, wherein the hidden context represents a degree of awareness

of the autonomous vehicle by a user represented by the traffic entity.

10. The method of claim 1, wherein the hidden context represents a goal of a user
represented by the traffic entity, wherein the user expects to achieve the goal within a

threshold time interval.

11. The method of claim 1, wherein navigating the autonomous vehicle comprises:
generating signals for controlling the autonomous vehicle based on the motion
parameters and the hidden context of each of the traffic entities; and

sending the generated signals to controls of the autonomous vehicle.

12. The method of claim 1, wherein the probabilistic neural network is a probabilistic

convolutional neural network.

13. A non-transitory computer readable storage medium storing instructions, that when
executed by a processor, cause the processor to perform steps comprising:
training a probabilistic neural network, the probabilistic neural network configured to
perform steps comprising:
receiving as input, an image of traffic, the image displaying a traffic entity
belonging to the traffic,
generating a feature vector for a plurality of features, the feature vector
comprising values describing statistical distribution for each feature,
and
generating output representing hidden context for the traffic entity, the output
comprising a plurality of values, each value representing a likelihood
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of receiving a particular user response from a user presented with the
image;
receiving a new camera image captured by a camera mounted on an autonomous
vehicle navigating through traffic;
executing the probabilistic neural network to generate output representing hidden
context for at least a traffic entity displayed in the new image;
determining a measure of uncertainty for each of the plurality of values; and
navigating the autonomous vehicle to avoid the traffic entity displayed in the new
image, the navigation based on at least the measure of uncertainty generated

by the probabilistic neural network.

14. The non-transitory computer readable storage medium of claim 13, wherein the values
describing statistical distribution for each feature comprise a mean value and a standard

deviation for the feature.

15. The non-transitory computer readable storage medium of claim 13, wherein training
the probabilistic neural network comprises determining evidence lower bound between the
plurality of values predicted and a plurality of values determined from user responses

obtained from users presented with images from the training dataset.

16. The non-transitory computer readable storage medium of claim 13, wherein
determining the measure of uncertainty for each of the plurality of values comprises:
generating a plurality of samples for the input image using the probabilistic neural
network; and
determining the confidence interval for each of the plurality of input using the

plurality of samples
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17. The non-transitory computer readable storage medium of claim 13, wherein
navigating the autonomous vehicle comprises ensuring that the autonomous vehicle stays at
least a threshold distance away from the traffic entity displayed in the new image, the
threshold distance determined based on the measure of uncertainty generated by the

probabilistic neural network.

18. The non-transitory computer readable storage medium of claim 10, wherein the
threshold distance is determined to be a value directly related to the measure of uncertainty

generated by the probabilistic neural network.

19. The non-transitory computer readable storage medium of claim 10, wherein
navigating the autonomous vehicle comprises:
generating signals for controlling the autonomous vehicle based on the motion
parameters and the hidden context of each of the traffic entities; and

sending the generated signals to controls of the autonomous vehicle.

20. A computer system comprising:
a processor; and
a non-transitory computer readable storage medium storing instructions that when
executed by the processor, cause the processor to perform steps comprising:
training a probabilistic neural network, the probabilistic neural network
configured to perform steps comprising:
receiving as input, an image of traffic, the image displaying a traffic

entity belonging to the traffic,
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generating a feature vector for a plurality of features, the feature vector
comprising values describing statistical distribution for each
feature, and
generating output representing hidden context for the traffic entity, the
output comprising a plurality of values, each value representing
a likelihood of receiving a particular user response from a user
presented with the image;
receiving a new camera image captured by a camera mounted on an
autonomous vehicle navigating through traffic;
executing the probabilistic neural network to generate output representing
hidden context for at least a traffic entity displayed in the new image;
determining a measure of uncertainty for each of the plurality of values; and
navigating the autonomous vehicle to avoid the traffic entity displayed in the
new image, the navigation based on at least the measure of uncertainty

generated by the probabilistic neural network.
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ABSTRACT

An autonomous vehicle uses probabilistic neural networks to predict hidden context
attributes associated with traffic entities. The hidden context represents behavior of the
traffic entities in the traffic. The probabilistic neural network is configured to receive an
image of traffic as input and generate output representing hidden context for a traffic entity
displayed in the image. The system executes the probabilistic neural network to generate
output representing hidden context for traffic entities encountered while navigating through
traffic. The system determines a measure of uncertainty for the output values. The
autonomous vehicle uses the measure of uncertainty generated by the probabilistic neural

network during navigation.
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402

Receive video data

\ 4

404
Generate derived stimulus data based on the
received video data

Y

406
Transmit derived stimulus data

A 4

408
Receive a response based on the transmitted
derived stimulus data

410
Generate statistics based on the response

A 4

412
Train a model based on the statistics

A 4

414
Apply model to other video data to generate a
prediction of user behavior associated with the
other video data

FIG. 4
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500
Providing live video frame or sensor frame
as input to the trained learning
algorithm

502
Executing the trained algorithm to analyze
the video frame

|

2504
Predicting summary statistics on the
frame using the trained algorithm

FIG. 5
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700
Receiving sensor data from sensors
of the autonomous vehicle

'

702
Identifying one or more traffic entities

For each identified traffic entify

Y

704
Determining motion parameters for
the traffic entity

l

706
Determining a hidden context for the
traffic entity based on the sensor data

Y

708
Navigating the autonomous vehicle
based on the motion parameters and
the hidden context

FIG. 7
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800
Receive sensor data from sensors of
vehicles

'

802
Generate a plurality of stimuli for
presenting to users

For each stimuli

For each of a plurality offusers

Y

804
Present stimuli to the user

'

806
Receive user response

|
v

808
Determine statistical distribution of
user responses

!

810
Store stimulus and statistical
distribution of user response as
training data

FIG. 8
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910
Provide video frame as input to neural network

Y

915
Generate a feature vector

'

918
Determine parameters of random variables

'

920
Sample random variables

:

922
Apply softmax to determine probability values

'

925
Determine statistical distribution of predicted output
values

!

930
Compare statistical distribution of predicted output
values with statistical distribution of user
responses to stimulus

'

935
Perform backpropagation to adjust parameters of
neural network for minimizing loss function

FIG. 9
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LATE FILING FEE FOR OATH OR DECLARATION 2051 1 80 80

Petition:
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Sub-Total in

Description Fee Code Quantity Amount USD($)
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 865
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Electronic Acknowledgement Receipt

EFS ID: 38511898
Application Number: 16783845
International Application Number:
Confirmation Number: 7487

Title of Invention:

PROBABILISTIC NEURAL NETWORK FOR PREDICTING HIDDEN CONTEXT OF
TRAFFIC ENTITIES FOR AUTONOMOUS VEHICLES

First Named Inventor/Applicant Name:

Jacob Reinier Maat

Customer Number:

758

Filer:

Rajendra Bhagwatisingh Panwar

Filer Authorized By:

Attorney Docket Number:

35447-45631/US

Receipt Date: 06-FEB-2020
Filing Date:
Time Stamp: 16:28:26

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment yes

Payment Type DA

Payment was successfully received in RAM $865

RAM confirmation Number E202026G29023371
Deposit Account 192555

Authorized User

Rajendra Panwar

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

37 CFR 1.16 {National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.19 (Document supply fees)
37 CFR 1.20 {Post Issuance fees)

37 CFR 1.21 {Miscellaneous fees and charges)

File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
1256240
1 Application Data Sheet 45631_US_ADS.PDF no 8
f8d9b7ccOb5cfc7d439304€a9d0390180b97
678a8
Warnings:
Information:
120479
2 Internet Communications Authorized 45631_US_AIC.PDF no 2
507be3ce6f23fc1ef05614ab06500bcd2a1f
2e86
Warnings:
Information:
937767
3 Power of Attorney 45631_US_POA.PDF no 2
1bb0071e2bf5954f537457b1cc8be054fcel
6ele
Warnings:
Information:
221742
4 45631_SPEC.pdf yes 46
a78c7eedd18ad 1893d76b97b7b3be9a803
6fd6ee
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 39
Claims 40 45
Abstract 46 46
Warnings:
Information:
337672
5 Drawings-only bIaFk and white line 45631_FIGS.pdf no 1
drawings
6b60b5bbd8bcf98877e53d399973bazff4c
e2b03
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Warnings:

Information:

37441
6 Fee Worksheet (SB06) fee-info.pdf no 2
857995f53fb94ad6b10a9daede8ccd 36a073]
efdb
Warnings:
Information:
Total Files Size (in bytes): 2911341

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.
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PTO/AIA/4 (02-18)
Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Cffice; 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 contains a valid CMB control number.

) ) Attorney Docket Number | 35447-45631/US
Application Data Sheet 37 CFR 1.76

Application Number

PROBABILISTIC NEURAL NETWORK FOR PREDICTING HIDDEN CONTEXT OF TRAFFIC ENTITIES FOR

Title of Invention | A\ ;TONOMOUS VEHICLES

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

[ Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Remove
Inventor [1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
+|| Pacob Reinier I\Ilaat |

Residence Information (Select One) e US Residency Non US Residency Active US Military Service

City | [oston State/Province | MA | Country of Residencé | s

Mailing Address of Inventor:

Address 1 Perceptive Automata, Inc.

Address 2 One Boston Place, 201 Washington St, 35th Floor

City | Boston State/Province | FVIA
Postal Code 02108 Countryi | us

Remove
Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
E BSamuel English It\nthony E

Residence Information (Select One) (@) US Residency Non US Residency Active US Military Service

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

Mailing Address of Inventor:

Address 1 Perceplive Automata, Inc.

Address 2 One Boston Place, 201 Washington St, 35th Floor

City Boston State/Province | PVIA
Postal Code 02108 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).
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PTO/AIA/4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Cffice; 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 contains a valid OMB control number.

Attorney Docket Number | 35447-45631/US

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention PROBABILISTIC NEURAL NETWORK FOR PREDICTING HIDDEN CONTEXT OF TRAFFIC ENTITIES FOR
AUTONOMOUS VEHICLES

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

Customer Number N0758

Email Address ptoc@fenwick .com | AddEmail | |Remove Email

Application Information:

Title of the Invention NTITIES FOR AUTONOMOUS VEMICLES SR
Attorney Docket Number| 35447-45631/US Small Entity Status Claimed [X

Application Type Nonprovisional v
Subject Matter ility v
Total Number of Drawing Sheets (if any) 11 Suggested Figure for Publication (if any)

Filing By Reference:

Only complete this section when filing an application by reference under 35 US.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). ]
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)

Request 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.

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 () Limited Recognition (37 CFR 11.9)
Customer Number 10758
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PTO/AIA/4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Cffice; 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 contains a valid OMB control number.

. Attorney Docket Number | 35447-45631/US
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention PROBABILISTIC NEURAL NETWORK FOR PREDICTING HIDDEN CONTEXT OF TRAFFIC ENTITIES FOR
AUTONOMOUS VEHICLES

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 v Remove

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

[Claims benefit of provisional | 62/802151 2319-02-06

Prior Application Status | Pending - Remove

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

[Claims benefit of provisional ~| 62/822269 2019-03-22

Additional Domestic Benefit/National Stage Data may be generated within this form A3
by selecting the Add button.

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 pricrity 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(1)(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 priority application is filed, within the time period specified in 37 CFR 1.55(g){1).

Remove

Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable)

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

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed hefore 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
[] 16, 2013.

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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PTO/AIA/4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Cffice; 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 contains a valid OMB control number.

. Attorney Docket Number | 35447-45631/US
Application Data Sheet 37 CFR 1.76

Application Number

PROBABILISTIC NEURAL NETWORK FOR PREDICTING HIDDEN CONTEXT OF TRAFFIC ENTITIES FOR

Title of Invention | s\, 1ONOMOUS 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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PTO/AIA/4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Cffice; 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 contains a valid OMB control number.

Attorney Docket Number | 35447-45631/US

Application Data Sheet 37 CFR 1.76

Application Number

PROBABILISTIC NEURAL NETWORK FOR PREDICTING HIDDEN CONTEXT OF TRAFFIC ENTITIES FOR

Title of Invention | s\, 1ONOMOUS 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.5.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, Inc.

Mailing Address Information For Applicant:

Address 1 Dne Boston Place, 201 Washington Street

Address 2 35th Floor

City Boston State/Province MA
Country | s Postal Code 02108
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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Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Cffice; 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 contains a valid OMB control number.

Attorney Docket Number | 35447-45631/US

Application Data Sheet 37 CFR 1.76

Application Number

PROBABILISTIC NEURAL NETWORK FOR PREDICTING HIDDEN CONTEXT OF TRAFFIC ENTITIES FOR

Title of Invention | s\, 1ONOMOUS 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 |/Rajendra Panwar/ Date (YYYY-MM-DD)| [2020-02-06
First Name | RajendraB. Last Name | Panwar Registration Number | 63165
Additional Signature may be generated within this form by selecting the Add button. Add
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Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Cffice; 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 contains a valid OMB control number.

Attorney Docket Number | 35447-45631/US

Application Data Sheet 37 CFR 1.76

Application Number

PROBABILISTIC NEURAL NETWORK FOR PREDICTING HIDDEN CONTEXT OF TRAFFIC ENTITIES FOR

Title of Invention | s\, 1ONOMOUS 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 informaticn, 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 youin this form will be subject to the following routine uses:

1

The information 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.

A record 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.

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.

A record 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
acontract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.5.C.
552a(m).

A record 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 Crganization, pursuant to the Patent CooperationTreaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.5.C. 181)
and for review pursuant to the Atomic Energy Act (42 U 5.C. 218(c)).

A record 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.5.C. 2904 and 2906. Such disclosure shall be made in accordance with the G5A regulations governing 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.

A record 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 U.S.C. 151. Further, a record may be disclosed, 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.

A record 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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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 FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
16/783,845 02/06/2020 865 35447-45631/US 20 3
CONFIRMATION NO. 7487
758 FILING RECEIPT

SILICON VALLEY CENTER 0 L

801 CALIFORNIA STREET
MOUNTAIN VIEW, CA 94041
UNITED STATES OF AMERICA

Date Mailed: 02/26/2020

Receipt is acknowledged of this non-provisional utility 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 FIRST INVENTOR, 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 corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction 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 provided that the request is grantable.

Inventor(s)

Jacob Reinier Maat, Boston, MA,;

Samuel English Anthony, Somerville, MA;
Applicant(s)

Perceptive Automata, Inc., Boston, MA

Power of Attorney: The patent practitioners associated with Customer Number 00758

Domestic Priority data as claimed by applicant
This appln claims benefit of 62/802,151 02/06/2019
and claims benefit of 62/822,269 03/22/2019

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.

page 1 of 3
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If Required, Foreign Filing License Granted: 02/24/2020

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/783,845

Projected Publication Date: 08/06/2020
Non-Publication Request: No

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

PROBABILISTIC NEURAL NETWORK FOR PREDICTING HIDDEN CONTEXT OF TRAFFIC
ENTITIES FOR AUTONOMOUS VEHICLES

Preliminary Class

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 |
16/783,845 02/06/2020 Jacob Reinier Maat 35447-45631/US
CONFIRMATION NO. 7487
758 INFORMAL NOTICE
FENWICK & WEST LLP
SILICON VALLEY CENTER ORI O T R
000000 938846

801 CALIFORNIA STREET
MOUNTAIN VIEW, CA 94041
UNITED STATES OF AMERICA

Date Mailed: 02/26/2020

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):
Jacob Reinier Maat
Samuel English Anthony

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.

/afessehaye/
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 16/783,845
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b), or (c)) N/A N/A N/A 75 N/A
SEARCH FEE
(37 GFR 1.18(K), @), or (m)} N/A N/A N/A 330 N/A
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (@) N/A N/A N/A 380 N/A
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 20 minus 20= 50 - 0.00 OR
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 3 minus 3 = 230 - 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 785 TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
s (37 CF% ?.16(i)) Minus = OR |« =
% Independent * Minus | *** = _ OR M _
i (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR |x =
% Independent * Minus | *** = = OR |x =
L (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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506165052 07/22/2020
PATENT ASSIGNMENT COVER SHEET

Electronic Version v1.1 EPAS ID: PAT6211788
Stylesheet Version v1.2
SUBMISSION TYPE: NEW ASSIGNMENT
NATURE OF CONVEYANCE: ASSIGNMENT
CONVEYING PARTY DATA
Name Execution Date
JACOB REINIER MAAT 07/08/2020
SAMUEL ENGLISH ANTHONY 07/21/2020
RECEIVING PARTY DATA
Name: PERCEPTIVE AUTOMATA, INC.
Street Address: ONE BOSTON PLACE, 201 WASHINGTON STREET, 35TH FLOOR
City: BOSTON
State/Country: MASSACHUSETTS
Postal Code: 02108
PROPERTY NUMBERS Total: 1
Property Type Number
Application Number: 16783845

CORRESPONDENCE DATA

Fax Number: (650)938-5200

Correspondence will be sent to the e-mail address first; if that is unsuccessful, it will be sent
using a fax number, if provided; if that is unsuccessful, it will be sent via US Mail.

Phone: 6509888500
Email: npasciucco@fenwick.com
Correspondent Name: RAJENDRA PANWAR
Address Line 1: 801 CALIFORNIA STREET
Address Line 4: MOUNTAIN VIEW, CALIFORNIA 94041
ATTORNEY DOCKET NUMBER: 35447-45631/US
NAME OF SUBMITTER: RAJENDRA B. PANWAR, REG NO 63165
SIGNATURE: /Rajendra Panwar/
DATE SIGNED: 07/22/2020
This document serves as an Oath/Declaration (37 CFR 1.63).

Total Attachments: 2
source=45631 US Executed Combined Declaration Assignment#page1 .tif
source=45631 US Executed Combined Declaration Assignment#page?2.tif
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COMBINED DECLARATION AND ASSIGNMENT

For good and valuable consideration, the receipt of which is hereby acknowledged, the
person(s) named below (referred to as "INVENTOR" whether singular or plural) has sold,
assigned, and transferred and does hereby sell, assign, and transfer to Perceptive Automata, Inc.,
a Delaware Corporation, having a place of business at One Boston Place, 201 Washington Street,
35th Floor, Boston MA 02108 ("ASSIGNEE"), for itself and its successors, transferees, and
assignees, the following:

1. The entire worldwide right, title, and interest in all inventions and
improvements (“SUBJECT MATTER?”) that are disclosed in any of the following patent
application(s), Registered Community Design(s), international application(s) filed
according to the Patent Cooperation Treaty (PCT), or U.S. national phase application(s)
(collectively, the “APPLICATION”), and any patents issuing thereon (*PATENT
RIGHTS”):

U.S. Application No. 16/783,845, entitled PROBABILISTIC NEURAL
NETWORK FOR PREDICTING HIDDEN CONTEXT OF TRAFFIC ENTITIES
FOR AUTONOMOUS VEHICLES, filed on February 6, 2020, which claims priority
from Provisional Application No. 62/802,151, filed on February 6, 2019, and Provisional
Application No. 62/822,269, filed on March 22, 2019.

2. The entire worldwide right, title, and interest in and to:

(a) the APPLICATION; (b) all applications claiming priority from the APPLICATION;
(c) all provisional, utility, divisional, continuation, substitute, renewal, reissue, and other
applications related thereto that have been or may be filed in the United States or elsewhere
in the world; (d) all patents (including reissues and re-examinations) that may be granted
on the applications set forth in (a), (b), and (c) above; and (e) all right of priority in the
APPLICATION and in any underlying provisional or foreign application, together with all
rights to recover damages for infringement of provisional rights.

INVENTOR agrees that ASSIGNEE may apply for and receive patents for SUBJECT
MATTER in ASSIGNEE’s own name.

INVENTOR agrees to do the following, when requested, and without further consideration,
in order to carry out the intent of this Assignment: (1) execute all oaths, assignments, powers of
attorney, applications, and other papers necessary or desirable to fully secure to ASSIGNEE the
rights, titles and interests herein conveyed; (2) communicate to ASSIGNEE all known facts
relating to the SUBJECT MATTER; and (3) generally do all lawful acts that ASSIGNEE shall
consider desirable for securing, maintaining, and enforcing worldwide patent protection relating
to the SUBJECT MATTER and for vesting in ASSIGNEE the rights, titles, and interests herein
conveyed. INVENTOR further agrees to provide any successor, assign, or legal representative of
ASSIGNEE with the benefits and assistance provided to ASSIGNEE hereunder.

INVENTOR represents that INVENTOR has the rights, titles, and interests to convey as
set forth herein, and covenants with ASSIGNEE that the INVENTOR has not made and will not

lof2
AQ090:00100/PW/2981213.7
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Title: PROBABILISTIC NEURAL NETWORK FOR PREDICTING HIDDEN CONTEXT
OF TRAFFIC ENTITIES FOR AUTONOMOUS VEHICLES

Filed: February 6, 2020 Attorney Docket #: 35447-45631/US
Application #: 16/783,845

hereafter make any assignment, grant, mortgage, license, or other agreement affecting the rights,
titles, and interests herein conveyed.

INVENTOR grants the attorney of record the power to insert on this Assignment any
further identification that may be necessary or desirable in order to comply with the rules of the
United States Patent and Trademark Office or other authority for recordation of this document.

This Assignment may be executed in one or more counterparts, each of which shall be
deemed an original and all of which may be taken together as one and the same Assignment.
By signing below, INVENTOR further attests to the following:
e The APPLICATION was made or authorized to be made by INVENTOR.

e INVENTOR believes that INVENTOR is the original inventor or an
original joint inventor of a claimed invention in the APPLICATION.

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

Name and Signature Date of Signature (REQUIRED)
7/8/2020

Jacob Reinier Maat

Name and Signature Date of Signature (REQUIRED)

Som Loy 7/21/2020

Samuel English Anthony

20f2
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IN THE UNITED STATES
PATENT AND TRADEMARK OFFICE

APPLICANT: Perceptive Automata, Inc.

APPLICATION NO.: 16/783.,845

FILING DATE: February 6, 2020

TITLE: PROBABILISTIC NEURAL NETWORK FOR PREDICTING

HIDDEN CONTEXT OF TRAFFIC ENTITIES FOR
AUTONOMOUS VEHICLES

EXAMINER: BLACK, THOMAS G
GROUP ART UNIT: 3661
CONFIRMATION NO.: 7487

ATTY. DKT. NO.: 35447-45631/US

RESPONSE TO INFORMATIONAL NOTICE TO APPLICANT
Responsive to the Informational Notice to Applicant dated February 26, 2020, received in
the above-identified patent application, enclosed is the Declaration executed by inventors Jacob

Reinier Maat and Samuel English Anthony.

Respectfully submitted,

Dated: July 22, 2020 / Rajendra B. Panwar/
Rajendra B. Panwar, Reg. No. 63,165
FENWICK & WEST LLP
801 California Street
Mountain View, CA 94041
Phone: (650) 335-7107
Fax: (650) 938-5200
Email: rpanwar@ fenwick.com
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COMBINED DECLARATION AND ASSIGNMENT

For good and valuable consideration, the receipt of which is hereby acknowledged, the
person(s) named below (referred to as "INVENTOR" whether singular or plural) has sold,
assigned, and transferred and does hereby sell, assign, and transfer to Perceptive Automata, Inc.,
a Delaware Corporation, having a place of business at One Boston Place, 201 Washington Street,
35th Floor, Boston MA 02108 ("ASSIGNEE"), for itself and its successors, transferees, and
assignees, the following:

1. The entire worldwide right, title, and interest in all inventions and
improvements (“SUBJECT MATTER?”) that are disclosed in any of the following patent
application(s), Registered Community Design(s), international application(s) filed
according to the Patent Cooperation Treaty (PCT), or U.S. national phase application(s)
(collectively, the “APPLICATION”), and any patents issuing thercon (“PATENT
RIGHTS”):

U.S. Application No. 16/783,845, entitled PROBABILISTIC NEURAL
NETWORK FOR PREDICTING HIDDEN CONTEXT OF TRAFFIC ENTITIES
FOR AUTONOMOUS VEHICLES, filed on February 6, 2020, which claims priority
from Provisional Application No. 62/802.151, filed on February 6, 2019, and Provisional
Application No. 62/822,269, filed on March 22, 2019.

2. The entire worldwide right, title, and interest in and to:

(a) the APPLICATION; (b) all applications claiming priority from the APPLICATION;
(c) all provisional, utility, divisional, continuation, substitute, renewal, reissue, and other
applications related thereto that have been or may be filed in the United States or elsewhere
in the world; (d) all patents (including reissues and re-examinations) that may be granted
on the applications set forth in {a), (b), and (c) above; and (e) all right of priority in the
APPLICATION and in any underlying provisional or foreign application, together with all
rights to recover damages for infringement of provisional rights.

INVENTOR agrees that ASSIGNEE may apply for and receive patents for SUBJECT
MATTER in ASSIGNEE’s own name.

INVENTOR agrees to do the following, when requested, and without further consideration,
in order to carry out the intent of this Assignment: (1) execute all oaths, assignments, powers of
attorney, applications, and other papers necessary or desirable to fully secure to ASSIGNEE the
rights, titles and interests herein conveyed; (2) communicate to ASSIGNEE all known facts
relating to the SUBIECT MATTER; and (3) generally do all lawful acts that ASSIGNEE shall
consider desirable for securing, maintaining, and enforcing worldwide patent protection relating
to the SUBJECT MATTER and for vesting in ASSIGNEE the rights, titles, and interests herein
conveyed. INVENTOR further agrees to provide any successor, assign, or legal representative of
ASSIGNEE with the benefits and assistance provided to ASSIGNEE hereunder.

INVENTOR represents that INVENTOR has the rights, titles, and interests to convey as
set forth herein, and covenants with ASSIGNEE that the INVENTOR has not made and will not

lof2
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Title: PROBABILISTIC NEURAL NETWORK FOR PREDICTING HIDDEN CONTEXT
OF TRAFFIC ENTITIES FOR AUTONOMOUS VEHICLES

Filed: February 6, 2020 Attorney Docket #: 35447-45631/US
Application #: 16/783,845

hereafter make any assignment, grant, mortgage, license, or other agreement affecting the rights,
titles, and interests herein conveyed.

INVENTOR grants the attorney of record the power to insert on this Assignment any
further identification that may be necessary or desirable in order to comply with the rules of the
United States Patent and Trademark Office or other authority for recordation of this document.

This Assignment may be executed in one or more counterparts, each of which shall be
deemed an original and all of which may be taken together as one and the same Assignment.
By signing below, INVENTOR further attests to the following:
e The APPLICATION was made or authorized to be made by INVENTOR.

o INVENTOR believes that INVENTOR is the original inventor or an
original joint inventor of a claimed invention in the APPLICATION.

INVENTOR hereby acknowledges that any willful false statement made in this document
is punishable under 18 U.S.C. 1001 by fine or imprisonment of not more than five (3) years, or
both.

Name and Signature Date of Signature (REQUIRED)
7/8/2020

Jacob Reinier Maat

Name and Signatuare Date of Signature (REQUIRED)

Som Lutlousy 7/21/2020

Samuel English Anthony

20f2
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Electronic Acknowledgement Receipt

EFS ID: 40075743
Application Number: 16783845
International Application Number:
Confirmation Number: 7487

Title of Invention:

PROBABILISTIC NEURAL NETWORK FOR PREDICTING HIDDEN CONTEXT OF
TRAFFIC ENTITIES FOR AUTONOMOUS VEHICLES

First Named Inventor/Applicant Name:

Jacob Reinier Maat

Customer Number:

758

Filer:

Rajendra Bhagwatisingh Panwar

Filer Authorized By:

Attorney Docket Number: 35447-45631/US
Receipt Date: 22-JUL-2020
Filing Date: 06-FEB-2020
Time Stamp: 15:17:42

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes Multi Pages
Y Document Description File Name ile Size( y i Y I. . 9
Number Message Digest | Part/.zip| (ifappl.)
16156
1 Applicant Response to Pre-Exam 45631_Dec_Transmittal.pdf no 1
Formalities Notice
7e78932cffecddff1547ab0d056230d44e11
256
Warnings:
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Information:

2330179
2 QOath or Declaration filed 45631_Declaration.pdf no 2
ae3994dda6a590926f4138e611c1cbb6011|
1¢99b
Warnings:
Information:
Total Files Size (in bytes): 2346335

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.
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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 |
16/783,845 02/06/2020 Jacob Reinier Maat 35447-45631/US
CONFIRMATION NO. 7487
758 PUBLICATION NOTICE
FENWICK & WEST LLP
SILICON VALLEY CENTER IR IR TRT
000000119014493

801 CALIFORNIA STREET
MOUNTAIN VIEW, CA 94041

Title:PROBABILISTIC NEURAL NETWORK FOR PREDICTING HIDDEN CONTEXT OF TRAFFIC ENTITIES
FOR AUTONOMOUS VEHICLES

Publication No.US-2020-0249677-A1
Publication Date:08/06/2020

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

page 1 of 1
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Complete if Known

Application Number

INFORMATION DISCLOSURE [ roe ™ LOTBLEE

STATEMENT BY APPLICANT (o — = e

(Not for submission under 37 CFR 1.99) . Jacob Reinier Maat
Applicant Perceptive Automata, Inc.
Art Unit 3661
Confirmation Number 7487
Examiner Name Thomas G. Black
Sheet | 1 | of | 2 Attorney Docket Number | 35447-45631/US

U.S. PATENT DOCUMENTS

Document No.

Examiner Cite No.! Number — Kind Code? (if Publication Date Name of Patentee or
Initials* ’ known) MM-DD-YYYY Applicant of Cited Document
A1 US-9,766,336 B2 09-19-2017 Gupta et al.
A2 US-9,415,777 B2 08-16-2016 Clarke et al.

A3 US-2019/0012574 Al 01-10-2019 | Anthony et al.

FOREIGN PATENT DOCUMENTS

Foreign Patent Document

Examiner Cite No." | Country Code® — Number* Publication Date Name of Patentee or T®
Initials* Kind Code?® (if known) MM-DD-YYYY Applicant of Cited Document

B1

OTHER REFERENCES - NON-PATENT LITERATURE DOCUMENTS

Examiner Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, magazine,
Initials* Cite No.! journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where T®
published
o1 International Search Report and Written Opinion, Patent Cooperation Treaty Application No.
PCT/US2020/15889, 16 June 2020, 23 pages.
c2 Invitation to Pay Additional Fees, Patent Cooperation Treaty Application No.

PCT/US2020/15889, 13 April 2020, 2 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.
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Complete if Known

Application Number

INFORMATION DISCLOSURE [ ro LOTRLE

STATEMENT BY APPLICANT o — ot

(Not for submission under 37 CFR 1.99) , Jacob Reinier Maat
Applicant Perceptive Automata, Inc.
Aft Unit 3661
Confirmation Number 7487
Examiner Name Thomas G. Black
Sheet ‘ 2 | of | 2 Attorney Docket Number | 35447-45631/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) : 2020-09-04
Name/Print Rajendra B. Panwar | Registration Number | 63,165
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PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

To: Antonia Sequeira P C T

Fenwick & West LLP

Silicon Valley Center

801 California Street NOTIFICATION OF TRANSMITTAL OF
Mountain View, CA 94041 THE INTERNATIONAL SEARCH REPORT AND
United States of America THE WRITTEN OPINION OF THE INTERNATIONAL

SEARCHING AUTHORITY, OR THE DECLARATION

(PCT Rule 44.1)
et 16 JUN 2020

FOR FURTHERACTION  See paragraphs 1 and 4 below

Applicant’s or agent’s file reference

35447-45544/WO
International application No. International filing date

PCT/US20/15889 (day/montyear) a6 january 2020 (30.01.2020)
Applicant

Perceptive Automata, Inc.

1. The applicant is hereby notified that the international search report and the written opinion of the International Searching
Authority have been established and are transmitted herewith.
Filing of amendments and statement under Article 19:
The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46);

When? The time limit for filing such amendments is normally two months from the date of transmittal of the international
search report.

How?  Directly to the International Bureau preferably through ePCT, or on paper to:
The International Bureau of WIPO, 34, chemin des Colombettes, 1211 Geneva 20, Switzerland

For more detailed instructions, see the PCT Applicant’s Guide, International Phase, paragraphs 9.004 —9.011.

2. D The applicant is hereby notified that no international search report will be established and that the declaration under
Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith.

3. D With regard to any protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:

the protest together with the decision thereon has been transmitted to the International Bureau together with any request
to forward the texts of both the protest and the decision thereon to the designated Offices.

no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.

4. Reminders

The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority to
the International Bureau. These comments will be made available to the public after international publication. The International
Bureau will send a copy of such comments to all designated Offices unless an international preliminary examination report has
been or is to be established.

Shortly after the expiration of 18 months from the priority date, the international application will be published by the
International Bureau. Ifthe applicant wishes to avoid or postpone publication, a notice of withdrawal of the intemational application,
or of the pricrity claim, must reach the International Bureau before the completion of the technical preparations for international
publication (Rules 905is.1 and 90bis.3).

Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority
date (in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the prescribed
acts for entry into the national phase before those designated Offices. In respect of other designated Offices, the time limit of
30 months (or later) will apply even if no demand is filed within 19 months. For details about the applicable time limits, Office
by Office, see www.wipo.int/pct/en/texts/time_limits html and the PCT Applicant s Guide, National Chapters.

Within 22 months from the priority date, the applicant may request that a supplementary international search be carried out

by a different International Searching Authority that offers this service (Rule 455is.1). The procedure for requesting supplementary
international search is described in the PCT Applicant's Guide, International Phase, paragraphs 8.006-8.032.

Name and mailing address of the ISA/ Authorized officer

Mail Stop PCT, Attn: ISA/US
Commissioner for Patents Shane Thomas

P.O. Box 1450, Alexandria, Virginia 22313-1450
Facsimile No. 571-273-8300 Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/220 (revised January 2020)
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicant’s or agent’s file reference FOR FURTHER ACTION

35447 -45544/W0O see Form PCT/ISA/220 as well as, where applicable, item 5 below.
International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year)
PCT/US20/15889 380 January 2020 (30.01.2020) 30 January 2019 (30.01.2019)

Applicant

Perceptive Automata, Inc.

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant according
to Article 18. A copy is being transmitted to the International Bureau.

This international search report consists of a total of é'\_ sheets.
I:I It is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the international search was carried out on the basis of:

IX] the international application in the language in which it was filed.

D a translation of the international application into which is the language of
a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

b. D This international search report has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 (Rule 43.6bis(a)).

c. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. L.

2. [Z Certain claims were found unsearchable (see Box No. II).
3. IZ] Unity of invention is lacking (see Box No. IIT).
4. With regard to the title,

the text is approved as submitted by the applicant.
D the text has been established by this Authority to read as follows:

5. With regard to the abstract,
IZ] the text is approved as submitted by the applicant.

D the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant may,
within one month from the date of mailing of this international search report, submit comments to this Authority.

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. 8
as suggested by the applicant.
D as selected by this Authority, because the applicant failed to suggest a figure.
D as selected by this Authority, because this figure better characterizes the invention.
b. D none of the figures is to be published with the abstract.

Form PCT/ISA/210 (first sheet) (July 2019)
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INTERNATIONAL SEARCH REPORT International application No.
PCT/US20/15889

Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. l___| Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. DX Claims Nos.: 4-10, 14-20, 24-31
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. [II  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

-***.Continued within extra sheet-***-

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. x{ No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

1-3

Remark on Protest [__—l The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 {continuation of first sheet (2}) (July 2019)
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INTERNATIONAL SEARCH REPORT International application No.
PCT/US20/15888

A. CLASSIFICATION OF SUBJECT MATTER
IPC - GO08G 1/017, 1/16; B6OW 30/08, 30/085, 30/09; GO6N 3/02, 3/08, 20/00 (2020.01)

CPC - (06K 9/00785, 9/00791, 8/00805; B60W 30/08, 30/085, 30/09; GO8G 1/0104, 1/0125, 1/186, 1/165,
1/166; GO6N 3/02, 3/08, 20/00

According to International Patent Classification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
See Search History document .

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
US 2019/0012574 A1 (PERCEPTIVE AUTOMATA) 10 January 2019; the entire document 1-3
US 9,415,777 B2 (MOBILEYE VISION TECHNOLOGIES LTD.) 16 August 2018; the entire 1-3
document
A US 9,766,336 B2 (HERE GLOBAL B.V.} 19 Septemebr 2017; the entire document 1-3
D Further documents are listed in the continuation of Box C. r_—l Sec patent family annex.
* Special categories of cited documents: “T” later document published after the international filing date or priority
“A™ document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“D” document cited by the applicant in the international application “X” document of particular relevance; the claimed invention cannot be
“E”  earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone
“L” document which may throw doubts on priority claim(s) or which “Y” document of particular relevance; the claimed invention cannot
is cited to establish the publication date of another citation or other be considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“O” documentreferring to an oral disclosure, use, exhibition orothermeans being obvious to a person skilled in the art

“P”  document published prior to the international filing date but later than  “&” document member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
23 March 2020 (23.03.2020) 'I 6 JUN 2020

Name and mailing address of the ISA/US : Authorized officer

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Shane Thomas

P.0O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300 Telephone No. PCT Heipdesk: 571-272-4300

Form PCT/ISA/210 (second sheet) (Juty 2019)
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INTERNATIONAL SEARCH REPORT International application No.

PCT/US20/15889

~***_Continued from Box No. {li - Observations where unity of invention is lacking-***-

This abplication contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fee must be paid.

Group I: Claims 1-3 are directed towards a method to control the braking system of an autonomous vehicie based on an activation
threshold.

Group Il: Claims 11-13 and 21-23 are directed a method of navigating an autonomous vehicle based on the motion parameters of a traffic
entity.

The inventions listed as Groups I-l} do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

The special technical features of Group | include at least wherein: wherein the output of the machine learning based model comprises a
measure of statistical distribution of the hidden context; determining an activation threshold value for braking system of the autonomous
vehicle based on the statistical distribution of the hidden context; predicting that the autonomous vehicle is likely to reach within the
activation threshold of a particular traffic entity within a threshold time interval; and responsive to determining that the autonomous
vehicle is likely to reach within the activation threshold of the particular traffic entity within the threshold time interval, activating the
braking system of the autonomous vehicle, which are not present in Group Il

The special technical features of Group ! include at least wherein determining one or more motion parameters describing movement of
the traffic entity; navigating the autonomous vehicle based on each of the traffic entities, which are not present in Group 1.

The common technical features shared by Groups |- are a method comprising: receiving, by an autonomous vehicle, sensor data from
sensors mounted on the autonomous vehicle; identifying, one or more traffic entities based on the sensor data, the traffic entities
representing non-stationary objects in traffic in which the autonomous vehicle is driving; for each of the one or more traffic entities:
determining a hidden context based on a machine learning based model, wherein the machine iearning based model is trained based on
feedback received from users responsive to presenting images or videos showing traffic scenarios to the users.

However, these common features are previously disclosed by US 2019/0012574 A1 to PERCEPTIVE AUTOMATA (hereinafter
“PERCEPTIVE"), PERCEPTIVE discloses a method comprising (a method; abstract): receiving, by an autonomous vehicle, sensor data
from sensors mounted on the autonomous vehicle (receiving by an autonomous vehicle 1000 sensor data from sensors mounted on the
autonomous vehicle 1000; figure 10, paragraph [00701); identifying, one or more traffic entities based on the sensor data, the traffic
entities representing non-stationary objects in traffic in which the autonomous vehicle is driving (identifying traffic entities based on the
sensor data, the traffic entities representing non-stationary objects in traffic in which the autonomous vehicle 1000 is driving as shown in
figure 10; figure 10, paragraphs [0069], [0070], claim 1 of PERCEPTIVE); for each of the one or more traffic entities (for each of the traffic
entities; paragraphs [0030], [0031], {0033}-]0037]): determining a hidden context based on a machine learning based model (determining
an action to be performed (hidden context) based on a supervised learning based model (machine learning); paragraphs [0030], [0031],
[0033]-{0037]), wherein the machine learning based model is trained based on feedback received from users responsive to presenting
images or videos showing traffic scenarios fo the users (the supervised learning model is trained based on feedback received from users
responsive to presenting images or videos showing traffic scenarios to the users; paragraphs [0030], [0031], [0033]-[0037]).

Since the common technical features are previously disclosed by the PERCEPTIVE reference, these common features are not special
and so Groups I-1l lack unity.

Form PCT/ISA/210 (extra sheet) (July 2019)
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PATENT COOPERATION TREATY

From the

INTERNATIONAL SEARCHING AUTHORITY

To: Antonia Sequeira
Fenwick & West LLP
Silicon Valley Center
801 California Street
Mountain View, CA 94041
United States of America

PCT

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

Date of mailing

16 JUN 2020

(day/month/year)
Applicant’s or agent’s file reference FOR FURTHER ACTION
35447-45544/WO See paragraph 2 below
International application No. International filing date (day/month/year) Priority date (day/month/year)
PCT/US20/15889 30 January 2020 (30.01.2020) 30 January 2019 (30.01.2019)

IPC

International Patent Classification (IPC) or both national classification and IPC
- G08G 1/017, 1/16; B6OW 30/08, 30/085, 30/09; GOGN 3/02, 3/08, 20/00 (2020.01)

CPC - GO6K 9/00785, 9/00791, 9/00805; B6OW 30/08, 30/085, 30/09; GO8G 1/0104, 1/0125, 1/16, 1/165,
1/166; GO6N 3/02, 3/08, 20/00

Applicant
Perceptive Automata, Inc.

2. FURTHER ACTION

1. This opinion contains indications relating to the following items:

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Reasoned statement under Rule 43bis. 1(a)(i) with regard to novelty, inventive step and industrial applicability;
citations and explanations supporting such statement

Certain defects in the international application

Box No. VIII Certain observations on the international application

& BoxNo. I  Basis of the opinion

D Box No. Il Priority

Box No. 11

m Box No. 1V  Lack of unity of invention
m Box No. V

D BoxNo. VI Certain documents cited
D Box No. VII

L]

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the
International Preliminary Examining Authority (“IPEA”) except that this does not apply where the applicant chooses an Authority
other than this one to be the IPEA and the chosen IPEA has notified the Intemational Bureau under Rule 66.1bis(b) that written
opinions of this International Searching Authority will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the IPEA
a written reply together, where appropriate, with amendments, before the expiration of 3 menths from the date of mailing of Form
PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.

For further options, see Form PCT/ISA/220.

Name and mailing address of the ISA/US

Mail Stop PCT, Atin: ISA/US
Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Date of completion of this opinion

23 March 2020 (23.03.2020)

Authorized officer
Shane Thomas
PCT Help Desk
Telephone No. 571-272-4300

Form PCT/ISA/237 (cover sheet) (revised January 2019)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/US20/15888

Box No. I Basis of this opirion

1. With regard to the language, this opinion has been established on the basis of:
[Z-I the international application in the language in which it was filed.

a translation of the international application into which is the language of a translation
furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

2. D This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified to
this Authority under Rule 91 (Rule 43bis.1(b)).

3. With regard to any nucleotide and/or amine acid sequence disclosed in the international application, this opinion has been
established on the basis of a sequence listing:

a. D forming part of the international application as filed:
D in the form of an Annex C/ST.25 text file.
[:] on paper or in the form of an image file.

b. |:| furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of international
search only in the form of an Annex C/ST.25 text file.

c. D furnished subsequent to the international filing date for the purposes of international search only:
D in the form of an Annex C/ST.25 text file (Rule 13zer.1(a)). ‘
D on paper or in the form of an image file (Rule 13fer.1(b) and Administrative Instructions, Section 713).

4, In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:

Form PCT/ISA/237 (Box No. I) (revised January 2019)

TESLA EXHIBIT 1002, Page 97



WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/US20/15889

Box No.III  Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non obvious), or to be industriaily
applicable have not been examined in respect of:

D the entire international application.

@ claims Nos. 410 14-20, 24-31

because:

the said international application, or the said claims Nos. relate to the following
subject matter which does not require an intemational search (specify):

the description, claims or drawings (indicate particular elements below) or said claims Nos. 4-10, 14-20, 24-31
are so unclear that no meaningful opinion could be formed (specify):

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

l:, the claims, or said claims Nos. are so inadequately supported
by the description that no meaningful opinion could be formed (specify):

no international search report has been established for said claims Nos. 4-10, 14-20, 24-31

D ameaningful opinion could not be formed without the sequence listing; the applicant did not, within the prescribed time limit:

D furnish a sequence listing in the form of an Annex C/ST.25 text file, and such listing was not available to the International
Searching Authority in the form and manner acceptable to it; or the sequence listing furnished did not comply with the
standard provided for in Annex C of the Administrative Instructions.

D furnish a sequence listing on paper or in the form of an image file complying with the standard provided for in Annex
C of the Administrative Instructions, and such listing was not available to the International Searching Authority in the
form and manner acceptable to it; or the sequence listing furnished did not comply with the standard provided for in
Annex C of the Administrative Instructions.

D pay the required late firnishing fee for the firnishing of a sequence listing in response to an invitation under Rule 13zer.1(a)
or (b).

[:I See Supplemental Box for further details.

Form PCT/ISA/237 (Box No. III) (revised January 2019)
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WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY PCT/US20/15889

Box No. IV Lack of unity of invention

L In response to the invitation (Form PCT/ISA/206) to pay additional fees the applicant has, within the applicable time limit:
D paid additional fees. .
D paid additional fees under protest and, where applicable, the protest fee.
D paid additional fees under protest but the applicable protest fee was not paid.
not paid additional fees.

2. D This Authority found that the requirement of unity of invention is not complied with and chose not to invite the applicant to
pay additional fees.

3. This Authority considers that the requirement of unity of invention in accordance with Rule 13.1, 13.2 and 13.3 is

[] comptied with.
E’ not complied with for the following reasons:

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. in order for all inventions to be examined, the appropriate additional examination fee must be paid.

Group |; Claims 1-3 are directed towards a method to control the braking system of an autonomous vehicle based on an activation
threshold.

Group Iz Claims 11-13 and 21-23 are directed a method of navigating an autonomous vehicle based on the motion parameters of a traffic
entity.

The inventions listed as Groups I-11 do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

The special technical features of Group | include at least wherein: wherein the output of the machine learning based model comprises a
measure of statistical distribution of the hidden context; determining an activation threshoid value for braking system of the autonomous
vehicle based on the statisticai distribution of the hidden context; predicting that the autonomous vehicle is likely to reach within the
activation threshold of a particular traffic entity within a threshold time interval; and responsive to determining that the autonomous vehicle
is likely to reach within the activation threshold of the particutar traffic entity within the threshold time interval, activating the braking
system of the autonomous vehicie, which are not present in Group il.  /

The special technical features of Group |l include at least wherein determining one or more motion parameters describing movement of
the traffic entity; navigating the autonomous vehicle based on each of the traffic entities, which are not present in Group |.

The common technical features shared by Groups I-Il are a method comprising: receiving, by an autonomous vehicle, sensor data from
sensors mounted on the autonomous vehicle; identifying, one or more traffic entities based on the sensor data, the traffic entities
representing non-stationary objects in traffic In which the autonomous vehicle is driving; for each of the one or more traffic entities:
determining a hidden context based on a machine leaming based model, wherein the machine learning based model is trained based on
feedback received from users responsive to presenting images or videos showing traffic scenarios to the users.

However, these common features are previously disclosed by US 2019/0012574 A1 to PERCEPTIVE AUTOMATA (hereinafter
“PERCEPTIVE"). PERCEPTIVE discloses a method comprising (a method; abstract): receiving, by an autonomous vehicle, sensor data
from sensors mounted on the autonomous vehicle (receiving by an autonomous vehicle 1000 sensor data from sensors mounted on the
autonomous vehicle 1000; figure 10, paragraph [0070]); identifying, one or more traffic entities based on the sensor data, the traffic
entities representing non-stationary objects in traffic in which the autonomous vehicle is driving (identifying traffic entities based on the
sensor data, the traffic entities representing non-stationary objects in traffic in which the autonomous vehicle 1000 is driving as shown in
figure 10; figure 10, paragraphs [0069], [6070], claim 1 of PERCEPTIVE); for each of the one or more traffic entities (for each of the traffic
entities; paragraphs [0030], [0031], [0033]-{0037]): determining a hidden context based on a machine iearning based model (determining
an action to be performed (hidden context) based on a supervised learning based model {(machine learning); paragraphs [0030], [0031],
[0033]-[0037}), wherein the machine lsaring based model is trained based on feedback received from users responsive to presenting
images or videos showing traffic scenarios to the users (the supervised leamning model is trained based on feedback received from users
responsive to presenting images or videos showing traffic scenarios to the users; paragraphs [0030], [0031], [0033]-[0037)).

Since the common technical features are previously disclosed by the PERCEPTIVE reference, these common features are not special
and so Groups I-ll lack unity.

4. Consequently, this opinion has been established in respect of the following parts of the international application:

D all parts.

the parts relating to claims Nos. 1-3

Form PCT/ISA/237 (Box No. IV) (revised January 2019)
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WRITTEN OPINION OF THE [nternational application No,

INTERNATIONAL SEARCHING AUTHORITY PCT/US20/15888

Box No.V Reasoned statement under Rule 43bis.1(a)(1) with regard to novelty, inventive step and industrial applicability;
citations and explanations supporting such statement

1.  Statement

Novelty (N) Claims -3 YES
Claims NONE NO

Inventive step (IS) Claims 1-3 YES
Claims NONE NO

Industrial applicability (IA) Claims 1-3 YES
Claims NONE NO

2.  Citations and explanations:

Claim 1 meets the criteria set out in PCT Article 33(2)-(3), because the prior art does not teach or fairly suggest determining an activation
threshold value for braking system of the autonomous vehicle based on the statistical distribution of the hidden context; predicting that the
autonomous vehicle is likely to reach within the activation threshoid of a particular traffic entity within a threshold time interval; and
responsive to determining that the autonomous vehicle is fikely to reach within the activation threshold of the particular traffic entity within
the threshold time interval, activating the braking system of the autonomous vehicle.

In the closest reference, US 2019/0012574 A1 to PERCEPTIVE AUTOMATA (hereinafter “PERCEPTIVE") discloses a method comprising
(a method; abstract): receiving, by an autonomous vehicle, sensor data from sensors mounted on the autonomous vehicle (receiving by
an autonomous vehicle 1000 sensor data from sensors mounted on the autonomous vehicle 1000; figure 10, paragraph [0070]);
identifying, one or more traffic entities based on the sensor data, the traffic entities representing non-stationary objects in traffic in which
the autonomous vehicle is driving {identifying traffic entities based on the sensor data, the traffic entities representing non-stationary
objects in traffic in which the autonomous vehicle 1000 is driving as shown in figure 10; figure 10, paragraphs {0069}, [0070], claim 1 of
PERCEPTIVE); for each of the one or more traffic entities (for each of the traffic entities; paragraphs [0030], {0031}, [0033]-{0037]):
determining a hidden context based on a machine leaming based model (determining an action to be performed (hidden context) based
on a supervised learning based mode! (machine learning); paragraphs [0030], {0031}, [0033]-{0037]), wherein the machine learning based
mode! is trained based on feedback received from users responsive to presenting images or videos showing traffic scenarios to the users
(the supervised learning mode! is trained based on feedback received from users responsive to presenting images or videos showing
traffic scenarios to the users; paragraphs [0030], [0031], {0033]-[0037]); wherein the output of the machine learning based mode!
comprises a measure of statistical distribution of the hidden context (the output of the supervised learning based model comprises a
measure of statistical distribution of the action; paragraphs [0030], [0631], [0033]}-[0037], [0058], [0064], [0085]).

in another reference, US 9,415,777 B2 to MOBILEYE VISION TECHNOLOGIES LTD. (hereinafter “"MOBILEYE") discloses a method
comprising (a method; abstract): receiving, by an autonomous vehicle, sensor data from sensors mounted on the autonomous vehicle
(receiving by an autonomous vehicle images (sensor data) from image capture devices (sensors) mounted on the autonomous vehicle;
figure 2A, column 68, lines 22-40); identifying, one or more traffic entities based on the sensor data, the traffic entities representing
non-stationary objects in traffic in which the autonomous vehicle is driving (identifying encroaching vehicle (traffic entities) based on the
images, the encroaching vehicle represents non-stationary objects in traffic in which the autonomous vehicle is driving; column 88, line
66-column 59, line 17); for each of the one or more traffic entities: determining an activation threshold value for braking system of the
autonomous vehicle based on the hidden context (for the encroaching vehicle determine a collision threshold (activation threshold value)
which when crossed activates the braking system of the autonomous vehicle based on the distance (hidden context); column 58, line
66-column 59, line 36); responsive to determining that the autonomous vehicle is likely to reach within the activation threshold of the
particular traffic entity, activating the braking system of the autonomous vehicle (responsive to determining that the autonomous vehicle is
crossing the collision threshold of the encroaching vehicle taking an evasive action including activating the braking system; column 58,
line 66-column 59, line 36).

in a further reference, US 9,766,336 B2 to HERE GLOBAL B.V. (hereinafter "HERE") discloses a method comprising (a method; claim 1
of HERE): receiving, by an autonomous vehicle, sensor data from sensors mounted on the autonomous vehicle (receiving by an
autonomous vehicle data (sensor data) from data acquisition device comprising sensor circuitry (sensors) mounted on the autonomous
vehicle; figures 4, 5A, column 4, line 25-54); identifying, one or more traffic entities based on the sensor data (identifying an obstruction
(traffic entities) based on the data; figure 2, column 6, lines 20-29); for each of the one or more traffic entities: determining an activation
threshold value for braking system of the autonomous vehicle (for ths obstacle determining a distance threshold valus (activation
threshold) to trigger action like stopping (braking system) of the autonomous vehicle; figure 2, column 7, line 62-column 8, line 38); a
threshold time interval (a threshold time value; figure 2, column 7, line 62-cofumn 8, fine 38); and responsive to determining that the
autonomous vehicle is likely to reach within the activation threshold, activating the braking system of the autonomous vehicle (responsive
to determining that the distance is less than the distance threshold value trigger stopping of the autonomous vehicle; figure 2, column 7,
line 62-column 8, fine 38).

-***_Continued Within the Next Supplemental Box-***-

Form PCT/ISA/237 (Box No. V) (revised January 2019)
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WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY PCT/US20/15889

Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of.

-***.Continued from Box V: Citations and Explanations-***-

PERCEPTIVE, MOBILEYE and HERE fail to disclose determining an activation threshold value for braking system of the autonomous
vehicle based on the statistical distribution of the hidden context; predicting that the autonomous vehicle is likely to reach within the
activation threshold of a particular traffic entity within a threshold time interval; and responsive to determining that the autonomous vehicle
is likely to reach within the activation threshold of the particular traffic entity within the threshoid time interval, activating the braking
system of the autonomous vehicle. It would not have been obvious to one of ordinary skilt in the art at the time the invention was made to
have employed this method because none of the references uncovered disclosed the nuances of the instant claim in a cumulative
manner while still allowing for a plausible motivation to combine said references. Although PERCEPTIVE discloses most of the claim
limitations, including training the model based on sensor input to generate outputs to predict object behavior patterns, the reference
doesn't include calculating thresholds to further navigate the vehicle. Furthermore, in reference MOBILEYE, the collision threshold is
based on both the distance and the time to collision threshold and does not serve as two separate thresholds to be compared to before
taking an action and in reference HERE, the thresholds disclose a activation threshold and a time threshold, but these serve as separate
criteria to frigger a certain action and don't disclose them as being dependent on each other to produce a braking action and none of the
references disclose predicting a time threshold before determining and taking a corrective action and modifying the references further to
meet the limitations add no benefit. The references taken solely, or in combination, fail to provide the required limitations, and
modification of any complementary combination of the references of record would be impermissible and not provide any advantages over

the present application.

Claims 2 and 3 meet the criteria set out in PCT Article 33(2)-(3), because they depend on claim 1.

Claims 1-3 have industrial applicabilify as defined by PCT Article 33(4) because the subject matter can be made or used in industry.

Form PCT/ISA/237 (Supplemental Box) (revised January 2019)
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Database Search String -Reco’rdation, Including Dates of Searches:

Patent Database Search Strategy/Results:

PatSeer

iD

Search St‘ring

Deduped

Records Created

Date

L33

TACD: ((auto* OR vehicl* OR car*) WP
(sens* OR detect* OR cam* OR
aquisit*) WP (object* OR subject* OR
vehicl* OR mov* OR pedestrian* OR
traffic* OR entit* OR obstacl* OR
obstruct* OR non_station*) WP
(threshold* OR fimit* OR cut W5 off* OR
bar*) WS (distanc* OR brak* OR
length*) AND (tim* OR period* OR
interval* OR instan*) WS (threshold* OR
limit* OR cut W5 off* OR bar*) WP
(activat* OR action* OR trigger* OR
start* OR control*) W20 (brak* OR stop*
OR halt* OR avoid* OR evasiv*) AND
(collision® OR crash*) AND (mi or nn OR
learn* OR neural*) WP (statistic* OR
mean* OR median* OR center* OR
deviat* OR SD) WP (user® OR
feedback*)) AND IC: (B60W30/08 OR
B60W30/085 OR G08G1/017 OR
G08G1/16 OR GO6N3/02 OR GO6N3/08
OR GO6N20/00)

ALL

16

23-Mar-20

L32

TACD: ((auto® OR vehicl* OR car*) WP
(sens* OR detect* OR cam* OR
aquisit*) WP (object* OR subject* OR
vehicl* OR mov* OR pedestrian* OR
traffic* OR entit* OR obstacl* OR
obstruct* OR non_station*) WP
(threshold* OR limit* OR cut W5 off* OR
bar*) WS (distanc* OR brak* OR
length*) AND (tim* OR period* OR
interval® OR instan*) WS (threshold* OR
limit* OR cut W5 off* OR bar*) WP
(activat* OR action* OR trigger* OR
start* OR control*) W20 (brak* OR stop*
OR halt* OR avoid* OR evasiv*) AND
(collision* OR crash*) AND (ml or nn OR
learn* OR neural*) WP (statistic* OR
mean* OR median* OR center* OR

ALL

25

23-Mar-20
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deviat* OR SD) WP (user* OR
feedback®)) AND CPC: (GO6K9/00785
OR GO06K9/00791 OR G06K9/00805
OR B60W30/08 OR B60W30/085 OR
B60W30/09 OR G08G1/0104 OR
G08G1/0125 OR G08G1/16 OR
G08G1/165 OR G08G1/166 OR
GO6N3/02 OR GOBN3/08 OR
GO6N20/00)

L31

TACD: ((auto* OR vehicl* OR car*) WP
(sens” OR detect* OR cam® OR
aquisit*) WP (object* OR subject* OR
vehicl* OR mov* OR pedestrian* OR
traffic* OR entit* OR obstacl* OR
obstruct* OR non_station*) WP
(threshold* OR limit* OR cut W5 off* OR
bar*) WS (distanc* OR brak* OR
length*) AND (tim* OR period* OR
interval* OR instan*) WS (threshold* OR
limit* OR cut W5 off* OR bar*) WP
(activat* OR action* OR trigger* OR
start* OR control*) W20 (brak* OR stop*
OR halt* OR avoid* OR evasiv*) AND
(collision* OR crash*) AND (ml or nn OR
learn* OR neural*) WP (statistic* OR
mean* OR median* OR center* OR
deviat* OR SD) WP (user* OR
feedback®))

ALL

176

23-Mar-20

L30

TACD: ((auto* OR vehicl* OR car*) WP
(sens* OR detect* OR cam* OR
aquisit*) WP (object* OR subject* OR
vehicl* OR mov* OR pedestrian* OR
traffic* OR entit* OR obstacl* OR
obstruct® OR non_station*) WP
(threshold* OR limit* OR cut W5 off* OR
bar*) WS (distanc* OR brak*) AND (tim*

OR period* OR interval* OR instan*)
WS (threshold* OR limit* OR cut W5 off*
OR bar*) WP (activat* OR action* OR
trigger* OR start* OR control*) W20
(brak* OR stop* OR halt* OR avoid* OR
evasiv*) AND (collision* OR crash*)
AND (ml or nn OR learn* OR neural*)
WP (statistic* OR mean* OR median*
OR center* OR deviat* OR SD) WP

(user* OR feedback*))

ALL

170

23-Mar-20
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L29

TACD: ((auto* OR vehicl* OR car*) WP
(sens™ OR detect* OR cam* OR
aquisit*) WP (object* OR subject* OR
vehicl* OR mov* OR pedestrian* OR
traffic* OR entit* OR obstacl* OR
obstruct* OR non_station*) WP (predict*
OR estimat* OR probabilit* OR chanc*)
WP (threshold* OR limit* OR cut W5 off*
OR bar*) WS (distanc* OR brak*) AND
(tim* OR period* OR interval* OR
instan*) WS (threshold* OR limit* OR
cut W5 off* OR bar*) WP (activat* OR
action* OR trigger* OR start* OR
control*) W20 (brak* OR stop* OR halt*
OR avoid* OR evasiv*) AND (collision*
OR crash*) AND (ml or nn OR learn*
OR neural*) WP (statistic* OR mean*
OR median* OR center* OR deviat* OR
SD) WP (user* OR feedback*))

ALL

29

23-Mar-20

L28

TACD: ((auto* OR vehicl* OR car*) WP
(sens* OR detect* OR cam* OR
aquisit*) WP (object* OR subject* OR
vehicl* OR mov* OR pedestrian* OR
traffic* OR entit* OR obstacl* OR
obstruct* OR non_station*) WP (aware*
OR state W2 mind* OR ind* OR notic*)
WP (predict” OR estimat* OR probabilit*
OR chanc*) WP (threshold* OR limit*
OR cut W5 off* OR bar*) WS (distanc*
OR brak*) AND (tim* OR period* OR
interval® OR instan*) WS (threshold* OR
limit* OR cut W5 off* OR bar*) WP
(activat* OR action* OR trigger* OR
start* OR control*) W20 (brak* OR stop*
OR halt* OR avoid* OR evasiv*) AND
(collision* OR crash*) AND (ml or nn OR
learn* OR neural*) WP (statistic* OR
mean®* OR median* OR center* OR
deviat* OR SD) WP (user* OR
feedback®))

ALL

19

23-Mar-20

L27

TACD: ((auto* OR vehicl* OR car*) WP
(sens* OR detect* OR cam* OR
aquisit*) WP (object* OR subject* OR
vehicl* OR mov* OR pedestrian®* OR
traffic* OR entit* OR obstacl* OR
obstruct® OR non_station*) WP (aware*

ALL

23-Mar-20
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OR state W2 mind* OR ind* OR notic*)
AND (ml or nn OR learn* OR neural*)
WP (statistic* OR mean* OR median*

OR center* OR deviat* OR SD) WP

(user* OR feedback*) WP (predict* OR

estimat* OR probabilit* OR chanc*) WP

(threshold* OR limit* OR cut W5 off* OR

bar*) WS (distanc* OR brak*) AND (tim*

OR period* OR interval* OR instan*)
WS (threshold* OR limit* OR cut W5 off*
OR bar*) WP (activat* OR action* OR
trigger* OR start* OR control*) W20
(brak* OR stop* OR halt*) AND
(collision* OR crash*) )

L26

TACD: ((auto* OR vehicl* OR car*) WP
(sens* OR detect* OR cam* OR
aquisit*) WP (object* OR subject* OR
vehicl* OR mov* OR pedestrian* OR
traffic* OR entit* OR obstacl* OR
obstruct* OR non_station*) WP (aware*
OR state W2 mind* OR ind* OR notic*)
AND (ml or nn OR learn* OR neural*)
WP (statistic* OR mean* OR median*
OR center* OR deviat* OR SD) WP
(user* OR feedback*) WP (predict* OR
estimat* OR probabilit* OR chanc*) WP
(threshold* OR limit* OR cut W5 off* OR
bar*) WS (distanc* OR brak*) AND (tim*
OR period* OR interval* OR instan*)
WS (threshold* OR limit* OR cut W5 off*
OR bar*) WP (activat* OR action* OR
trigger* OR start* OR control*) W20
(brak* OR stop* OR halt*) AND
(collision* OR crash*) ) AND IC:
(GO6K9* OR B60W30* OR B60OW50*
OR G0O6K8* OR GO6N3* OR GOB6N20*)

ALL

23-Mar-20

L25

TACD: ((auto* OR vehicl* OR car*) WP
(sens* OR detect* OR cam* OR
aquisit*) WP (object* OR subject* OR
vehicl* OR mov* OR pedestrian* OR
traffic* OR entit* OR obstacl* OR
obstruct* OR non_station*) WP (aware*
OR state W2 mind* OR ind* OR notic*)
AND (ml or nn OR learn* OR neural*)
WP (statistic* OR mean* OR median*

OR center* OR deviat* OR SD) WP

ALL

23-Mar-20
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(user* OR feedback*) WP (predict* OR
estimat® OR probabilit* OR chanc*) WP
(threshold* OR limit* OR cut W5 off* OR
bar*) WS (distanc* OR brak*) AND (tim*
OR period* OR interval* OR instan*)
WS (threshold* OR limit* OR cut W5 off*
OR bar*) WP (activat* OR action* OR
trigger* OR start* OR control*) W20
(brak* OR stop* OR halt*) AND
(collision* OR crash*) ) AND CPC:
(GO6K9* OR B60W30* OR BBOW50*
OR GO06K9* OR GOBN3* OR GOBN20*)

L24

TACD: ((auto* OR vehicl* OR car*) WP
(sens” OR detect* OR cam* OR
aquisit*) WP (object* OR subject* OR
vehicl* OR mov* OR pedestrian* OR
traffic* OR entit* OR obstacl* OR
obstruct* OR non_station*) WP (aware*
OR state W2 mind* OR ind* OR notic*)
WP (predict* OR estimat* OR probabilit*
OR chanc*) WP (threshold* OR limit*
OR cut W5 off* OR bar*) WS (distanc*
OR brak*) AND (tim* OR period* OR
interval* OR instan*) WS (threshold* OR
limit* OR cut W5 off* OR bar*) WP
(activat* OR action* OR trigger* OR
start* OR control*) W20 (brak* OR stop*
OR halt*) AND (collision* OR crash*))
AND CPC: (G06KS* OR B60W30* OR
B60WS50* OR GO6K9* OR GO6N3* OR
GO6N20%)

ALL

118

23-Mar-20

L23

L22 NOT L21 NOT L20

ALL

61

23-Mar-20

L22

TACD: ((auto* OR vehicl* OR car*) WP
(sens* OR detect* OR cam*) WP
(object* OR subject* OR vehicl* OR
mov* OR pedestrian* OR traffic* OR
entit* OR obstacl*) WP (predict* OR
estimat® OR probabilit* OR chanc*) WP
(threshold* OR limit* OR cut W5 off* OR
bar*) WS (distanc* OR brak*) AND (tim*
OR period* OR interval* OR instan*)
WS (threshold* OR limit* OR cut W5 off*
OR bar*) WP (activat* OR action* OR
trigger” OR start* OR control*) W20
(brak* OR stop* OR halit*) AND

ALL

301

23-Mar-20

(collision* OR crash*) ) ANDiC:
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(GOB6K9* OR B60W30* OR B60OW50*
OR GO6KZ* OR GO6N3* OR GOBN20*)

L21 | L20 NOT L18 NOT L16 NOT L13 NOT ALL 265 23-Mar-20
L11

L20 | TACD: ((auto* OR vehicl* OR car*) WP ALL 359 | 23-Mar-20
(sens* OR detect* OR cam*) WP :
(object* OR subject* OR vehicl* OR
mov* OR pedestrian* OR traffic* OR
entit* OR obstacl*) WP (predict* OR
estimat* OR probabilit* OR chanc*) WP
(threshold* OR limit* OR cut W5 off* OR
bar*) WS (distanc* OR brak*) AND (tim*
OR period* OR interval* OR instan*)
WS (threshold* OR limit* OR cut W5 off*
OR bar*) WP (activat* OR action* OR
trigger* OR start* OR control*) W20
(brak* OR stop* OR halt*) AND
(collision* OR crash*) ) AND CPC:-
(GO6K9* OR B60W30* OR B60OWS50*
OR G06K9* OR GOBN3* OR GOBN20*)

L19 | L18 NOT L16 NOT L14 NOT L13 NOT ALL 1 23-Mar-20
L9
L18 | TAC: ((auto* OR vehicl* OR car*) WP ALL 82 23-Mar-20

(sens* OR detect* OR cam™) WP
(object* OR subject* OR vehicl* OR
mov* OR pedestrian* OR traffic* OR
entit* OR obstacl*) WP (predict* OR

estimat* OR probabilit* OR chanc*) WP
(threshold* OR limit* OR cut W5 off* OR
bar*) WS (distanc* OR brak*) AND (tim*
OR period* OR interval* OR instan®)
WS (threshold* OR limit* OR cut W5 off*
OR bar*) WP (activat* OR action* OR
trigger* OR start* OR control*) W20
(brak* OR stop* OR halt*) AND
(collision* OR crash*) ) AND CPC:
(GO6K9* OR B60W30* OR B60W50*
OR G06K9* OR GOBN3* OR G0O6N20%)

L17 L16 NOT L9 NOT L14 NOT L13 ALL 5 23-Mar-20

L16 | TAC: ((auto® OR vehicl* OR car*) WP ALL 66 23-Mar-20
(sens* OR detect* OR cam™) WP
(object* OR subject* OR vehicl* OR
mov* OR pedestrian* OR traffic* OR
entit* OR obstacl*) WP (predict* OR
estimat* OR probabilit* OR chanc*) WP
(threshold* OR limit* OR cut W5 off* OR
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WS (threshold* OR limit* OR cut W5 off*

bar*) WS (distanc* OR brak*) AND (tim*
OR period* OR interval* OR instan®)

OR bar*) WP (activat* OR action* OR
trigger* OR start* OR control*) W20
(brak* OR stop* OR halt*) AND
(collision* OR crash*) ) AND IC:
(GO6K9* OR B60W30* OR B60WS0*
OR G0B6K9* OR G0OBN3* OR GOBN20*)

L16

L9 NOT L14 NOT L13

ALL

78

23-Mar-20

L14

L13 NOT L11 NOT L6

ALL

258

23-Mar-20

L13

TAC: ((auto* OR vehicl* OR car*) WP
(sens* OR detect* OR cam*) WP
(object* OR subject* OR vehicl* OR
mov* OR pedestrian* OR traffic* OR
entit* OR obstacl*) WP (threshold* OR
limit* OR cut W5 off* OR bar*) WS
(distanc* OR brak*) AND (tim* OR
period* OR interval*) WS (threshold*
OR limit* OR cut W5 off* OR bar*) WP
(activat* OR action* OR trigger* OR
start* OR control*) W20 (brak* OR stop*
OR halt*) AND (collision* OR crash*) )
AND IC: (GO6K9* OR B60W30* OR
B60OWS50* OR GOBK9* OR GOBN3* OR
GO6N20*)

ALL

300

23-Mar-20

L12

L11 NOT L6

ALL

61

23-Mar-20

L11

TA: ((auto* OR vehicl* OR car*) WP
(sens* OR detect* OR cam™) WP
(object* OR subject* OR vehicl* OR
mov* OR pedestrian* OR traffic* OR
entit* OR obstacl*) WP (threshold* OR
limit* OR cut W5 off* OR bar*) WS
(distanc* OR brak*) AND (tim* OR
period* OR interval*) WS (threshold*
OR limit* OR cut W5 off* OR bar*) WP
(activat* OR action* OR trigger* OR
start* OR control*) W20 (brak* OR stop*

OR halt*) ) AND IC: (GO8Ko* OR
B60W30* OR B60OW50* OR GO6K9* OR
GOBN3* OR GOBN20%)

ALL

163

23-Mar-20

L10

TA: ((auto™ OR vehicl* OR car*) WP

(sens* OR detect* OR cam™) WP .
(object* OR subject* OR vehicl* OR
mov* OR pedestrian* OR traffic* OR

entit* OR obstacl*) WP (threshold* OR

ALL

32

23-Mar-20
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limit* OR cut W5 off* OR bar*) WS
(distanc* OR brak*) AND (tim* OR
period” OR interval*) WS (threshold*
OR limit* OR cut W5 off* OR bar*) WP
(activat* OR action* OR ftrigger* OR
start* OR control*) W20 (brak* OR stop*
OR halt*) AND (collision* OR crash*) )
AND IC: (GO6K9* OR B60OW30* OR
B60W50* OR G0BK9* OR GO6N3* OR
GO0BN20%)

L9

TAC: ((auto* OR vehicl* OR car*) WP
(sens* OR detect* OR cam*) WP
(object* OR subject* OR vehicl* OR
mov* OR pedestrian* OR traffic* OR
entit* OR obstacl*) WP (threshold* OR
limit* OR cut W5 off* OR bar*) WS
(distanc* OR brak*) AND (tim* OR
period* OR interval*) WS (threshold*
OR limit* OR cut W5 off* OR bar*) WP
(activat* OR action* OR trigger* OR
start* OR control*) W20 (brak* OR stop*
OR halt*) AND (collision* OR crash*) )
AND CPC: (GO6K9* OR B6OW30* OR
B60WS0* OR GO6K9* OR GOBN3* OR
G0BN20%)

ALL

311

23-Mar-20

L8

L7 NOT L6

ALL

23-Mar-20

L7

TA: ((auto* OR vehicl* OR car*) WP
(sens* OR detect* OR cam*) WP
(object* OR subject* OR vehicl* OR
mov* OR pedestrian* OR traffic* OR
entit* OR obstacl*) WP (threshold* OR
limit* OR cut W5 off* OR bar*) WS
(distanc* OR brak*) AND (tim* OR
period* OR interval*) WS (threshold*
OR limit* OR cut W5 off* OR bar*) WP
(activat* OR action® OR trigger* OR
start* OR control*) W20 (brak* OR stop*
OR halt*) AND (collision* OR crash*) )
AND CPC: (GO6K9* OR B60W30* OR
B60W50* OR GO6K9* OR GOBN3* OR
GO6N20%)

ALL

23-Mar-20

L6

TA: ((auto* OR vehicl* OR car*) WP
(sens* OR detect* OR cam*) WP
(object* OR subject* OR vehicl* OR
mov* OR pedestrian* OR traffic* OR
entit*) WP (threshold* OR limit* OR cut

ALL

185

23-Mar-20
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W5 off* OR bar*) WS (distanc* OR

brak*) AND (tim* OR period* OR
interval*) WS (threshold* OR limit* OR
cut W5 off* OR bar*) WP (activat* OR

action® OR trigger* OR start* OR

control®) W20 (brak* OR stop* OR halt*)
) AND CPC: (G0O6KS* OR B60W30* OR
B60W50* OR GOB6Ke* OR GOBN3* OR
GOBN20%*)

LS

TA: ((auto* OR vehicl* OR car*) WP
(sens™ OR detect* OR cam*) WP
(object* OR subject* OR vehicl* OR
mov* OR pedestrian* OR traffic* OR
entit*) WP (threshold* OR limit* OR cut
W5 off* OR bar*) WS (distanc* OR
brak*) AND (tim* OR period* OR
interval*) WS (threshold* OR limit* OR
cut W5 off* OR bar*) WP (activat* OR
action™ OR trigger* OR start* OR
control*) W20 (brak* OR stop* OR halt*)
WP (train* OR ML OR learn* OR
neural*) ) AND CPC: (GO6K9* OR
B60W30* OR B60W50* OR G06K9* OR
GOBN3* OR GOBN20%)

ALL

23-Mar-20

L4

TA: ((auto* OR vehicl* OR car*) WP
(sens” OR detect* OR cam*) WP
(object™ OR subject” OR vehicl* OR
mov* OR pedestrian* OR traffic* OR
entit*) WP (threshold™ OR limit* OR cut
W5 off* OR bar*) WS (distanc* OR
brak*) AND (tim* OR period* OR
interval®) WS (threshold* OR limit* OR
cut W5 off* OR bar*) WP (activat* OR
action* OR trigger* OR start* OR
control*) W20 (brak* OR stop* OR halt*)

ALL

908

23-Mar-20

L3

)

TA: ((auto* OR vehicl* OR car*) WP

(sens™ OR detect* OR cam*) AND
(object* OR subject* OR vehicl* OR
mov* OR pedestrian* OR traffic* OR
entit*) AND (threshold* OR limit* OR cut
W5 off* OR bar*) WS (distanc* OR

brak*) AND (tim* OR period* OR
interval®) WS (threshold* OR limit* OR
cut W5 off* OR bar*) AND (activat* OR

action* OR trigger* OR start* OR

ALL

1715

23-Mar-20
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control*) W20 (brak* OR stop* OR halt*)
)
L2 | inv: (samuel W1 english W1 anthony) ALL 2 22-Mar-20
L1 ASN: ("PERCEPTIVE AUTOMATA ALL 4 22-Mar-20
INC."

Non-Patent Literature (NPL) Search Strategy/Results:

Google Scholar/ Google Patents

Search Terms Date
Autonomous vehicle sensors capture 22 March 2020
images identify obstruction machine
learning model determine statistical
distribution obstacle velocity distance
threshold time threshold braking system
trigger
Vehicle camera video identify - 22 March 2020
pedestrian neural network mode
statistical mean distribution user
feedback trained motion value distance
threshold time threshold vehicle control
system trigger
Autonomous vehicle sensors data 22 March 2020
obstacle machine learning model
obstacle awareness distance threshold
time threshold braking system trigger

IEEE Xplore

Search Terms Date

Autonomous vehicle sensors capture 22 March 2020

images identify obstruction machine

learning model determine statistical

distribution obstacle velocity distance
threshold time threshold evasive control
Vehicle camera video identify 22 March 2020
pedestrian neural network model
statistical mean distribution user
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feedback trained motion value distance
threshold time threshold vehicle control
system trigger

Autonomous vehicle sensors data
obstacle machine learning model
obstacle noticeability distance limit time
interval limit stop vehicle

22 March 2020

Ebsco

Search Terms

Date

Autonomous vehicle sensors capture
images identify obstruction machine
learning model statistical values vehicle
traffic velocity distance threshold time
threshold braking system trigger

22 March 2020

Vehicle camera video identify
pedestrian neural network statistical
standard deviation distribution user

feedback trained motion value distance
threshold time threshold vehicle halt
control system trigger

22 March 2020

Autonomous vehicle sensors data
obstacle machine learning model
obstacle state of mind distance
threshold time threshold braking system
trigger

22 March 2020
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PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

To: Antonia Sequeira PCT

Fenwick & West LLP

Silicon Valley Center

801 California Street INVITATION TO PAY ADDITIONAL FEES
Mountain View, CA 94041 AND, WHERE APPLICABLE, PROTEST FEE

United States of America
(PCT Article 17(3)(a) and Rules 40.1 and 40.2(e))

Date of mailing
{day/monthiyear) ‘ % A P R 2020
Applicant’s or agent’s file reference . PAYMENT DUE ;vighin ONE MONTH from
35447-45544/\W0O ' the above date of mailing
International application No. International filing date
(day/month/year)
PCT/US20/15889 30 January 2020 (30.01.2020)
Applicant

Perceptive Automata, Inc.

1. This International Searching Authority

(i) considers that there are 2 (number of) inventions claimed in the international application covered
by the claims indicated below/on an extra sheet:

Group I: Claims 1-3; Group II: Claims 11-13 and 21-23

(i) therefore considers that the international application does not comply with the requirement of unity of invention
(Rules 13.1, 13.2 and 13.3) for the reasons indicated below/on an extra sheet:

~*_Please See Supplemental Page-***-

(iii) D has carried out a partial international search (see Annex) }E will establish the international search report
on those parts of th_cj,":i_nternatipga(l‘ ;}pplication which relate to the invention first mentioned in claims Nos.:
Group [: Claims 1-3

(iv) will establish the international search report on the other parts of the international application only if, and to the extent
to which, additional fees are paid.

2. Consequently, the applicant is hereby invited to pay, within the time limit indicated above, additional fees in the amount
indicated below:

$2,080.00 x 1 _$2,080.00 (See ltem 2 of next sheet)

Fee per additional invention number of additional inventions total amount of additional fees/currency

3. The applicant is informed that, according to Rule 40.2(c), the payment of any additional fees may be made under
protest, that is, a reasoned statement to the effect that the international application complies with the requirement of unity
of invention or that the amount of the required additional fees is excessive, where applicable, subject to the payment of a
protest fee.

Where the applicant pays additional fees under protest, the applicant is hereby invited, within the time limit indicated above,
to pay a protest fee (Rule 40.2(e)) in the amount of (amournt/currency)

Where the applicant has not, within the time limit indicated above, paid the required protest fee, the protest will be considered
not to have been made and the International Searching Authority will so declare. S

4, m Claim(s) Nos. 4-10, 14-20, 24-31 have been found to be unsearchable under
Article 17(2)(b) because of defects under Article 17(2)(a) and therefore have not been included with any invention.

Name and mailing address of the ISA/US Authorized officer
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Shane Thomés
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300 -PCT Helpdesk: 571-272-4300

Form PCT/ISA/206 (July 2019)
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INVITATION TO PAY ADDITIONAL FEES International application No.
AND, WHERE APPLICABLE, PROTEST FEE PCT/US20/15889

Item 2 (continued). For International Applications filed on or after 01 January 2014, Applicant is
reminded that the search fee per additional invention indicated in item 2 is the undiscounted fee per
additional invention. An Applicant may pay the search fee per additional invention fee reduced by
50% (small entity assertion) or 75% (micro entity certification), as appropriate. See 37 CFR 1.27
and 1.29.

-***.Continued from 1.(ii}-***-

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fee must be paid.

Group I: Claims 1-3 are directed towards a method to control the braking system of an autonomous vehicle based on an activation
threshold.

Group II: Claims 11-13 and 21-23 are directed a method of navigating an autonomous vehicle basad on the motion parameters of a traffic
entity.

The inventions listed as Groups |-l do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

The special technical features of Group | include at least wherein: wherein the output of the machine learning based model comprises a
measure of statistical distribution of the hidden context; determining an activation threshold value for braking system of the autonomous
vehicle based on the statistical distribution of the hidden context; predicting that the autonomous vehicle is likely to reach within the
activation threshold of a particular traffic entity within a threshold time interval; and responsive to determining that the autonomous vehicle
is likely to reach within the activation threshold of the particular traffic entity within the threshold time interval, activating the braking
system of the autonomous vehicle, which are not present in Group Il

The special technical features of Group Il include at least whergin determining one or more motion parameters describing movement of
the traffic entity; navigating the autonomous vehicle based on each of the traffic entities, which are not present in Group .

The common technical features shared by Groups I-il are a method comprising: receiving, by an autonomous vehicle, sensor data from
sensors mounted on the autonomous vehicle; identifying, one or more traffic entities based on the sensor data, the traffic entities
representing non-stationary objects in traffic in which the autonomous vehicle is driving; for each of the one or more traffic entities:
determining a hidden context based on a machine learning based model, wherein the machine learning based model is trained based on
feedback received from users responsive to presenting images or videos showing traffic scenarios to the users.

However, these common features are previously disclosed by US 2019/0012574 A1 to PERCEPTIVE AUTOMATA (hereinafter
“PERCEPTIVE"). PERCEPTIVE discloses a method comprising (a method; abstract): receiving, by an autonomous vehicle, sensor data
from sensors mounted on the autonomous vehicle (receiving by an autonomous vehicle 1000 sensor data from sensors mounted on the
autonomous vehicle 1000; figure 10, paragraph [0070]); identifying, one or more traffic entities based on the sensor data, the traffic
entities representing non-stationary objects in traffic in which the autonomous vehicle is driving (identifying traffic entities based on the
sensor data, the traffic entities representing non-stationary objects in traffic in which the autonomous vehicle 1000 is driving as shown in
figure 10; figure 10, paragraphs [0069], [0070], claim 1 of PERCEPTIVE); for each of the one or more traffic entities (for each of the traffic
entities; paragraphs [0030], [0031], [0033]-[0037]): determining a hidden context based on a machine leaming based model (determining
an action to be performed (hidden context) based on a supervised learning based model (machine learning); paragraphs [0030], [0031],
[0033]-[0037]), wherein the machine leaming based model is trained based on feedback received from users responsive to presenting
images or videos showing traffic scenarios to the users (the supervised learning model is trained based on feedback received from users
responsive to presenting images or videos showing traffic scenarios to the users; paragraphs [0030], [0031], {0033]}-{0037}).

Since the common technical features are previously disclosed by the PERCEPTIVE reference, these common features are not special
and so Groups I-1l lack unity.
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Electronic Acknowledgement Receipt

EFS ID: 40478773
Application Number: 16783845
International Application Number:
Confirmation Number: 7487

Title of Invention:

PROBABILISTIC NEURAL NETWORK FOR PREDICTING HIDDEN CONTEXT OF
TRAFFIC ENTITIES FOR AUTONOMOUS VEHICLES

First Named Inventor/Applicant Name:

Jacob Reinier Maat

Customer Number:

758

Filer:

Rajendra Bhagwatisingh Panwar/Julie Eng

Filer Authorized By:

Rajendra Bhagwatisingh Panwar

Attorney Docket Number:

35447-45631/US

Receipt Date: 04-SEP-2020
Filing Date: 06-FEB-2020
Time Stamp: 14:48:35

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
190392
1 Information Disclosure Statement (IDS) | 45631_US_Information_Disclos o 2

Form (SB08)

ure_Statement.pdf

bc9329db61aff3439c93a90ab3506f398dd 1
80c9

Warnings:

TESLA EXHIBIT 1002, Page 116




Information:

This is not an USPTO supplied IDS fillable form

3071925
5 Other Reference-Patent/App/Search 45544 ISRWO_PCTUS2020158 no 23
documents 89_16June2020.pdf
2c589d750bf27a048e4c667e644dbdfb6b6|
9b8ce
Warnings:
Information:
367994
Invitation_to_Pay_Additional _
3 Other Reference-Patent/App/Search Fees_PCTUS202015889_13Apri no 2
documents
|2020_pdf 20ac58733593fﬁesbz73429f4bb4557c9308
ee3
Warnings:
Information:
Total Files Size (in bytes): 3630311

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.
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Art Unit 3668
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Examiner Name
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C1 First Examination Report, Indian Patent AppTication No. 202147039120, 13 April 2022, 6 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.
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Art Unit 3668
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Examiner Name INGRAM, THOMAS P
Sheet 2 | of | 3 Attorney Docket Number | 35447-45631/US
OTHER REFERENCES — NON-PATENT LITERATURE DOCUMENTS
Examiner Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, magazine,
Initials* Cite No.! journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where T®
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oo LIPSON et al., "Driverless: Intelligent Cars and the Road Ahead", Massachusetts Institute of
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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
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CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):
[C] That each 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).
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[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.

[] Thefee set forth in 37 CFR 1.17 (p) has been submitted herewith.

XI A certification statement is not submitted herewith.
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A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see
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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.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.UsSpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
758 7590 05/02/2022
FENWICK & WEST LLP INGRAM, THOMAS P
SILICON VALLEY CENTER
801 CALIFORNIA STREET | ARTUNIT PAPER NUMBER |
MOUNTAIN VIEW, CA 94041 3668
DATE MAILED: 05/02/2022
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
16/783,845 02/06/2020 Jacob Reinier Maat 35447-45631/US 7487

TITLE OF INVENTION: PROBABILISTIC NEURAL NETWORK FOR PREDICTING HIDDEN CONTEXT OF TRAFFIC ENTITIES FOR
AUTONOMOUS VEHICLES

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional SMALL $600 $0.00 $0.00 $600 08/02/2022

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed. If an equivalent of Part B is filed, a request to reapply a previously paid issue fee must be
clearly made, and delays in processing may occur due to the difficulty in recognizing the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at
www.uspto.gov/PatentMaintenanceFees.
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

758 7590 05/02/2022 Certificate of Mailing or Transmission

FENWICK & WEST LLP I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
SILICON VALLEY CENTER addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
801 CALIFORNIA STREET the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
MOUNTAIN VIEW, CA 94041 (Typed or primed name)
(Signature)
(Date)
| APPLICATION NO. FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

16/783,845 02/06/2020 Jacob Reinier Maat 35447-45631/US 7487

TITLE OF INVENTION: PROBABILISTIC NEURAL NETWORK FOR PREDICTING HIDDEN CONTEXT OF TRAFFIC ENTITIES FOR

AUTONOMOUS VEHICTES

APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |

nonprovisional SMALL $600 $0.00 $0.00 $600 08/02/2022
| EXAMINER | ART UNIT | CLASS-SUBCLASS |

INGRAM, THOMAS P 3668 701-025000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

M| Change of correspondence address (or Change of Correspondence

Address form PTO/AIA/122 or PTO/SB/122) attached. (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of up to 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

(] "Fee Address” indication (or "Fee Address" Indication form PTO/
AIA/47 or PTO/SB/47; Rev 03-02 or more recent) attached. Use of a
Customer Number is required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individuat [ Corporation or other private group entity (] Government

4a. Fees submitted: [ Missue Fee [Jpublication Fee (if required) [_JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

(] Electronic Payment via EFS-Web (] Enclosed check (L] Non-electronic payment by credit card (Attach form PTO-2038)

(] The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.UsSpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
16/783,845 02/06/2020 Jacob Reinier Maat 35447-45631/US 7487
758 7590 05/02/2022 | EXAMINER |
FENWICK & WEST LLP INGRAM, THOMAS P
SILICON VALLEY CENTER
801 CALIFORNIA STREET | ART UNIT PAPERNUMBER |
MOUNTAIN VIEW, CA 94041 3668

DATE MAILED: 05/02/2022

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3 TESLA EXHIBIT 1002, Page 126

PTOL-85 (Rev. 02/11)



OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. 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 30 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, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. 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.

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 to 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.S.C. 2(b)
(2); (2) furnishing of the information 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 to the following routine uses:

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

2. A record 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. A record 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 to the subject matter of the record.

4. A record 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. A record 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 International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record 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 governing 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.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, 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 or in which the proceedings were terminated and which application
is referenced by either a published application, an application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a F-Ie—:lc':leérlliﬁ §t§t‘é‘,l %IrTlng)aﬁgagage 127
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.



Application No. Applicant(s)
; . 16/783,845 Maat et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
THOMAS P INGRAM 3668 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.4} This communication is responsive to the application filed 2/6/2020.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are 1-20 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www._uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) LJAll b) (J Some* ¢) [J None of the:
1. [J Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6..] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. Notice of References Cited (PTO-892) 5. ¥} Examiner's Amendment/Comment

2.} Information Disclosure Statements (PTO/SB/08), 6. ¥} Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 9/4/2020.

3.0 Examiner's Comment Regarding Requirement for Deposit 7. (3 Other .

of Biological Material .
4.0 Interview Summary (PTO-413),
Paper No./Mail Date.

{Thomas Ingram/
Primary Examiner, Art Unit 3668

U.S. Patent and Trademark Office i
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20220423
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Application/Control Number: 16/783,845 Page 2
Art Unit: 3668

EXAMINER'S AMENDMENT

1. An examiner’s amendment to the record appears below. Should the changes and/or additions
be unacceptable to applicant, an amendment may be filed as provided by 37 CFR 1.312. To ensure
consideration of such an amendment, it MUST be submitted no later than the payment of the issue fee.

Examiner’s Note: The following claims have been amended to current an apparent
typographical error of which claims 18 and 19 (which are synonymous to claims 6 and 11, which depend
on claim 1) were dependent on claim 10. However, the context and syntax of claims 18-19 shows that it
should have been dependent on claim 13, following conventional claim drafting strategies. If Applicant
does not agree with the changes herein, then claims 18 and 19 could be subjected to a 112(d) rejection
for being improper dependent claims.

The application has been amended as follows:

18. (Currently Amended) The non-transitory computer readable storage medium of claim [[10]]13,
wherein the threshold distance is determined to be a value directly related to the measure of

uncertainty generated by the probabilistic neural network.

19. (Currently Amended) The non-transitory computer readable storage medium of claim [[10]]13,
wherein navigating the autonomous vehicle comprises: generating signals for controlling the
autonomous vehicle based on the motion parameters and the hidden context of each of the traffic

entities; and sending the generated signals to controls of the autonomous vehicle.
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Application/Control Number: 16/783,845 Page 3
Art Unit: 3668

Allowable Subject Matter

2. Claims 1-20 are allowed over the prior art of record.
3. The following is an examiner’s statement of reasons for allowance:

The closest art (although not actually considered “prior” art) is Anthony et al. US 2019/0012574.

Anthony discloses a system and method for predicting human interaction with vehicles. The
system of Anthony discloses receiving image and video segments about a road scene and generates
stimulus data based on the image and the video segment. Stimulus data is sent and a response received
which includes an action and a likelihood of the action corresponding to another participant in the road
scene and a model is created based on the stimulus response. The model is then applied to further
inputs of image and video segments to predict user behavior in a road scene.

As to independent claims 1, 13, and 20, however, the prior art of record fails to teach or suggest
the following claimed subject matter:

generating output representing hidden context for the traffic entity, the output
comprising a plurality of values, each value representing a likelihood of receiving a
particular user response from a user presented with the image,

determining a measure of uncertainty for each of the plurality of values; and

navigating the autonomous vehicle to avoid the traffic entity displayed in the
new image, the navigation based on at least the measure of uncertainty generated by
the probabilistic neural network.

Claims 2-12 depend on claim 1 and claims 14-19 depend on claim 13 and are, therefore,
allowable.

Any comments considered necessary by applicant must be submitted no later than the payment
of the issue fee and, to avoid processing delays, should preferably accompany the issue fee. Such

submissions should be clearly labeled “Comments on Statement of Reasons for Allowance.”
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Application/Control Number: 16/783,845 Page 4
Art Unit: 3668

Conclusion

4, Any inquiry concerning this communication or earlier communications from the examiner
should be directed to THOMAS P INGRAM whose telephone number is (571)272-7864. The examiner can
normally be reached M-F 10-6 ET.

Examiner interviews are available via telephone, in-person, and video conferencing using a
USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use
the USPTO Automated Interview Request (AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor,
Fadey Jabr can be reached on 571-272-151. The fax phone number for the organization where this
application or proceeding is assigned is 571-273-8300.

Information regarding the status of published or unpublished applications may be obtained from
Patent Center. Unpublished application information in Patent Center is available to registered users. To
file and manage patent submissions in Patent Center, visit: https://patentcenter.uspto.gov. Visit
https://www.uspto.gov/patents/apply/patent-center for more information about Patent Center and
https://www.uspto.gov/patents/docx for information about filing in DOCX format. For additional
guestions, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would like
assistance from a USPTO Customer Service Representative, call 800-786-9199 (IN USA OR CANADA) or

571-272-1000.

/Thomas Ingram/
Primary Examiner, Art Unit 3668
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |i¢53 g45 Maat of al.
H “ ‘H“ Examiner Art Unit
THOMAS P INGRAM 3668
CPC
Symbol Type Version
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Receipt date: 08/04/2020 16/783,845 ~ GAU: 3688

Complete if Known

Application Number

INFORMATION DISCLOSURE [ roe ™ LOTBLEE

STATEMENT BY APPLICANT (o — = e

(Not for submission under 37 CFR 1.99) . Jacob Reinier Maat
Applicant Perceptive Automata, Inc.
Art Unit 3661
Confirmation Number 7487
Examiner Name Thomas G. Black
Sheet | 1 | of | 2 Attorney Docket Number | 35447-45631/US

U.S. PATENT DOCUMENTS

Document No.

Examiner Cite No.! Number — Kind Code? (if Publication Date Name of Patentee or
Initials* ’ known) MM-DD-YYYY Applicant of Cited Document
A1 US-9,766,336 B2 09-19-2017 Gupta et al.
A2 US-9,415,777 B2 08-16-2016 Clarke et al.

A3 US-2019/0012574 Al 01-10-2019 | Anthony et al.

FOREIGN PATENT DOCUMENTS

Foreign Patent Document

Examiner Cite No." | Country Code® — Number* Publication Date Name of Patentee or T®
Initials* Kind Code?® (if known) MM-DD-YYYY Applicant of Cited Document

B1

OTHER REFERENCES - NON-PATENT LITERATURE DOCUMENTS

Examiner Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, magazine,
Initials* Cite No.! journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where T®
published
o1 International Search Report and Written Opinion, Patent Cooperation Treaty Application No.
PCT/US2020/15889, 16 June 2020, 23 pages.
c2 Invitation to Pay Additional Fees, Patent Cooperation Treaty Application No.

PCT/US2020/15889, 13 April 2020, 2 pages.

EXAMINER SIGNATURE

Examiner Signature /Thomas P Ingram/
Date Considered

nNaAins innagn

D4/ 23A2082

*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.
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Receipt date: 08/04/2020 16/783,845 ~ GAU: 3688

Complete if Known

Application Number

INFORMATION DISCLOSURE [ ro LOTRLE

STATEMENT BY APPLICANT o — ot

(Not for submission under 37 CFR 1.99) , Jacob Reinier Maat
Applicant Perceptive Automata, Inc.
Aft Unit 3661
Confirmation Number 7487
Examiner Name Thomas G. Black
Sheet ‘ 2 | of | 2 Attorney Docket Number | 35447-45631/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) : 2020-09-04
Name/Print Rajendra B. Panwar | Registration Number | 63,165

TESLA EXHIBIT 1002, Page 140

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /TI/



4/23/22, 8:36 PM

Web Search History

Prior Art Web Search Printable History Generator

date, time web site search string
4/23/2022 6:01:34 PM  Google define: context
4/23/2022 6:01:52 PM  Google synonym: context

4/23/2022 6:03:36 PM

Google Patents
(old)

using context clues to determine road agent behavior

4/23/2022 6:03:36 PM

Google

using context clues to determine road agent behavior

4/23/2022 6:03:45 PM

Google Patents
(old)

using context clues to predict road agent behavior

4/23/2022 6:03:45 PM

Google

using context clues to predict road agent behavior

4/23/2022 8:02:52 PM

Google Patents
(old)

situational clues to determine intent of road objects

4/23/2022 8:02:52 PM

Google

situational clues to determine intent of road objects

4/23/2022 8:02:58 PM

Google Patents
(old)

situational clues to predict intent of road objects

4/23/2022 8:02:58 PM

Google

situational clues to predict intent of road objects

4/23/2022 8:17:36 PM

Google Patents

Keyword Group 1
[neural network to determine the state of mind of
people road]

4/23/2022 8:17:45 PM

Google Patents
(old)

using a neural network to determine the state of mind of
people on a road

4/23/2022 8:17:45 PM

Google

using a neural network to determine the state of mind of
people on a road

TESLA EXHIBIT 1002, Page 141

chrome-extension://dgfifhcjiiecmopfdeoljbpabeajfmlh/historyGenerator.html

mn



Bibliographic Data
Application No: 16/783 , 845

Foreign Priority claimed: O Yes ®No
35 USC 119 (a-d) conditions met: D Yes No D Met After Allowance
Verified and Acknowledged: |/T homas P Ingram/ | |

Examiner's Signature

Initials

PROBABILISTIC NEURAL NETWORK FOR PREDICTING
Title: HIDDEN CONTEXT OF TRAFFIC ENTITIES FOR
AUTONOMOUS VEHICLES

FILING or 371(c) DATE CLASS GROUP ART UNIT ATTORNEY DOCKET NO.
02/06/2020 701 3668 35447-45631/US
RULE

APPLICANTS

Perceptive Automata, Inc., Boston, MA,

INVENTORS

Jacob Reinier Maat, Boston, MA, UNITED STATES

Samuel English Anthony, Somerville, MA, UNITED STATES

CONTINUING DATA

This application has PRO of 62822269 03/22/2019
This application has PRO of 62802151 02/06/2019

FOREIGN APPLICATIONS

IF REQUIRED, FOREIGN LICENSE GRANTED*#*

02/24/2020
*%* SMALL ENTITY *#*
STATE OR COUNTRY
UNITED STATES
ADDRESS

FENWICK & WEST LLP
SILICON VALLEY CENTER
801 CALIFORNIA STREET
MOUNTAIN VIEW, CA 94041
UNITED STATES

FILING FEE RECEIVED
$865

TESLA EXHIBIT 1002, Page 142



PE2E SEARCH - Search History (Prior Art)

Ref # Hits Search Query DBs Default Plurals British Time Stamp
Operator Equivalents

L1 6 ((("PERCEPTIVE") (USPAT) ADJ ON ON 2022/04/23
near3 ("TAUTOMATA") 06:57 PM
near3
("INC")).AS,AANM.

L2 4 ((("Maat") near3 (US-PGPUB; USPAT; |ADJ ON ON 2022/04/23
("Jacob") near3 USOCR) 06:58 PM
("Reinier"))).INV.

L3 0 NOTE: THIS SEARCH |(US-PGPUB; USPAT; |ADJ ON ON 2022/04/23
HISTORY IS A USOCR) 06:58 PM
RECREATION OF
LOST WORK DUE TO
TECHNICAL ISSUES

L4 85725 (G05D1/0088 OR (US-PGPUB; USPAT; |ADJ ON ON 2022/04/23
B60W60/001 OR USOCR) 06:59 PM
G05D1/0212 OR
G05D1/0231 OR
GO6N3/08 OR
GO6N7/005 OR
B60W2420/42 OR
B60W2554/4042 OR
B60W2754/20 OR
B60W2754/30 OR
GO06N5/003 OR
GO06N20/10 OR
GO06N20/20 OR
GO6N3/0445 OR
GO6N3/0454 OR
GO6N3/084 OR
GO6N3/0472).cpc.

L5 1710472 |(hidden near2 context |(US-PGPUB; USPAT; |ADJ ON ON 2022/04/23
OR context OR USOCR) 07:02 PM
circumstance OR
condition OR
situation$3) WITH
(agent OR object OR
vehicle OR obstacle OR
pedestrian OR
$2cyclist)

L6 28167 L5 AND L4 (US-PGPUB; USPAT; |ADJ ON ON 2022/04/23

USOCR) 07:02 PM

L7 233 L4 AND hidden near2 |(US-PGPUB; USPAT; |ADJ ON ON 2022/04/23
context USOCR) 07:03 PM

L8 253 L4 AND hidden near2 |(US-PGPUB; USPAT; |ADJ ON ON 2022/04/23
context$3 USOCR) 07:03 PM

L9 3713 likelihood WITH (US-PGPUB; USPAT; |ADJ ON ON 2022/04/23
particular WITH USOCR) 07:06 PM
response

L10 855 likelihood WITH (US-PGPUB; USPAT; |ADJ ON ON 2022/04/23
particular WITH USOCR) 07:06 PM
response same2

04/23/2022 10:28:44 PM TESLA EXHIBIT 10Bggd pares143

Workspace: 16783845

Tl




(context OR contextual
OR situational OR
behavior)
L11 97 L10 AND L4 (US-PGPUB; USPAT; |ADJ ON ON 2022/04/23
USOCR) 07:06 PM
L12 13028 (G05D1/0088).cpc. (US-PGPUB; USPAT; |ADJ ON ON 2022/04/23
USOCR) 07:14 PM
L13 4 L10 AND L12 (US-PGPUB; USPAT; |ADJ ON ON 2022/04/23
USOCR) 07:14 PM

L14 3 ("9766336" OR (US-PGPUB; USPAT; |ADJ ON ON 2022/04/23
"9415777" OR USOCR) 07:19 PM
"20190012574").pn.

L15 6 ("10186123"|"20180146 |(US-PGPUB; USPAT; |ADJ ON ON 2022/04/23
198"|"7269516"|"81753 |[USOCR) 07:22 PM
33"|"8854457"|"988122
1").PN.

L16 207835 predict$3 WITH (US-PGPUB; USPAT; |ADJ ON ON 2022/04/23
(behavior OR response |USOCR) 07:22 PM
OR action)

L17 2347 L16 AND L12 (US-PGPUB; USPAT; |ADJ ON ON 2022/04/23

USOCR) 07:23 PM

L18 4768 train$3 WITH neural (US-PGPUB; USPAT; |ADJ ON ON 2022/04/23
near2 network SAME USOCR) 07:25 PM
feature near2 vector

L19 1 train$3 WITH neural (US-PGPUB; USPAT; |ADJ ON ON 2022/04/23
near2 network SAME USOCR) 07:36 PM
feature near2 vector
WITH statistic$3 near2
distribution

L20 3 train$3 WITH neural (US-PGPUB; USPAT; |ADJ ON ON 2022/04/23
near2 network SAME USOCR) 07:36 PM
feature near2 vector
SAME statistic$3 near2
distribution

L21 57 L18 AND L12 (US-PGPUB; USPAT; |ADJ ON ON 2022/04/23

USOCR) 07:36 PM

L22 126 (state near2 of near2 (US-PGPUB; USPAT; |ADJ ON ON 2022/04/23
mind OR USOCR) 09:21 PM
state$10f$1mind) WITH
(user OR driver OR
pedestrian)

L23 22 (state near2 of near2 (US-PGPUB; USPAT; |ADJ ON ON 2022/04/23
mind OR USOCR) 09:21 PM
state$10f$1mind) WITH
(user OR driver OR
pedestrian) SAME
context

L24 0 L22 AND L12 (US-PGPUB; USPAT; |ADJ ON ON 2022/04/23

USOCR) 09:21 PM

L25 22 (state near2 of near2 (US-PGPUB; USPAT; |ADJ ON ON 2022/04/23
mind OR USOCR; EPO; JPO) 09:21 PM
state$10f$1mind) WITH
(user OR driver OR

04/23/2022 10:28:44 PM TESLA EXHIBIT 10Pggd paree144

Workspace: 16783845

Tl




pedestrian) SAME
context

L26 28 (state near2 of near2 (US-PGPUB; USPAT; (ADJ ON ON 2022/04/23
mind OR USOCR; EPO; JPO) 09:22 PM
state$10f$1mind) WITH
(user OR driver OR
pedestrian) SAME
(context$3 OR
situation$3)

L27 0 L26 AND L12 (US-PGPUB; USPAT; (ADJ ON ON 2022/04/23

USOCR; EPO; JPO) 09:22 PM

L28 4 ((US-20190012574-A1 [(US-PGPUB; USPAT; |ADJ ON ON 2022/04/23
OR US-20210398648- |USOCR; FIT (CN, FR, 09:22 PM
A1).did. AND WO); FPRS; EPO,;

PGPB.dbnm.) OR ((US- [JPO; DERWENT;
8175333-B2 OR US- IBM_TDB)
7269516-B2).did. AND

USPT.dbnm.)

L29 37 (Artificial Intelligence) [(US-PGPUB; USPAT; |ADJ ON ON 2022/04/23
More Like: USOCR; FIT (AU, AP, 09:23 PM
US-20190012574-A1 AT, BE, BG, BR, BY,

Text: CA, CH, CN, CS, CU,
(US-10474930-B1 OR |CZ, DD, DE, DK, EA,
CN-111008553-A OR |EE, EP, ES, FI, FR, GB,
WO-2021231986-A1 HR, HU, ID, IE, IL, IS,
OR JP-2020061140-A |IT, JP, KR, LT, LU, LV,
OR EP-3633558-A1 OR |MA, OA, RU, SU, WO,
WO-2019060927-A9 MC, MD, MY, NL, NO,
OR US-20210356968- |NZ, PH, PL, PT, RO,
A1 OR US- RS, SE, SG, S, SK,
20210357662-A1 OR |TH, TN, TR, TW, UA,
JP-2021506046-A OR |VN); FPRS; EPO;
EP-3701418-A4 OR JPO; DERWENT;
US-20210024094-A1 IBM_TDB)

OR CN-111542831-A

OR US-10402687-B2

OR WO-2019112912-

A1 OR EP-3701418-A1

OR WO0-2021126062-

A1 OR US-

20210024090-A1 OR

US-11126889-B2 OR

CN-110060465-B OR

US-20200293822-

A1).did.

L30 10407 neural near2 network  [(US-PGPUB; USPAT; |ADJ ON ON 2022/04/23
SAME (context$3 OR |USOCR; FIT (AU, AP, 09:32 PM
situation$3) SAME AT, BE, BG, BR, BY,
predict$3 SAME train$3 [CA, CH, CN, CS, CU,

CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
04/23/2022 10:28:44 PM TESLA EXHIBIT 10Pggd*ares145

Workspace: 16783845

Tl




L31

L32

L33

L34

20347

422

8897

neural near2 network
SAME (context$3 OR
situation$3) same2
predict$3 same2 train$3

L31 AND L12

L31 AND L4

L31 AND L29

RS, SE, SG, I, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, I, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, I, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, I, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,

ADJ

ADJ

ADJ

ADJ

ON

ON

ON

ON

ON

ON

ON

ON

2022/04/23
09:32 PM

2022/04/23
09:32 PM

2022/04/23
09:32 PM

2022/04/23
09:33 PM

04/23/2022 10:28:44 PM
Workspace: 16783845

TESLA EXHIBIT 108366146




CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
PE2E SEARCH - Search History (Interference)
Ref # Hits [Search Query DBs Default Plurals British Time Stamp
Operator Equivalents

N1 85714 (G05D1/0088 OR (US-PGPUB; USPAT) (ADJ ON ON 2022/04/23
B60W60/001 OR 10:26 PM
G05D1/0212 OR
G05D1/0231 OR
GO6N3/08 OR
GO6N7/005 OR
B60W2420/42 OR
B60W2554/4042 OR
B60W2754/20 OR
B60W2754/30 OR
GO6N5/003 OR
GO06N20/10 OR
GO06N20/20 OR
GO06N3/0445 OR
GO06N3/0454 OR
GO6N3/084 OR
GO06N3/0472).cpc.

N2 75639 neural WITH network  [(US-PGPUB; USPAT) |ADJ ON ON 2022/04/23
AND context AND 10:26 PM
train$3 AND image

N3 407 (neural WITH network  [(US-PGPUB; USPAT) |ADJ ON ON 2022/04/23
AND context AND 10:26 PM
train$3 AND
image).cim.

N4 264 N3 AND N1 (US-PGPUB; USPAT) (ADJ ON ON 2022/04/23

10:27 PM

N5 3137 neural WITH network  [(US-PGPUB; USPAT) |ADJ ON ON 2022/04/23
AND context AND 10:27 PM
train$3 AND image
AND uncertainty AND
traffic

N6 225 neural WITH network  [(US-PGPUB; USPAT) |ADJ ON ON 2022/04/23
AND hidden near2 10:28 PM
context AND train$3
AND image

N7 3 (neural WITH network  [(US-PGPUB; USPAT) |ADJ ON ON 2022/04/23
AND hidden near2 10:28 PM

04/23/2022 10:28:44 PM TESLA EXHIBIT 10Pggd¥ares147

Workspace: 16783845

Tl




context AND train$3
AND image).clm.

04/23/2022 10:28:44 PM
Workspace: 16783845

TESLA EXHIBIT 108346148
T




IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

APPLICANT: Perceptive Automata, Inc.

APPLICATION NO.: 16/783,845

FILING DATE: February 6, 2020

TITLE: PROBABILISTIC NEURAL NETWORK FOR PREDICTING

HIDDEN CONTEXT OF TRAFFIC ENTITIES FOR
AUTONOMOUS VEHICLES

EXAMINER: BLACK, THOMAS G
GROUP ART UNIT: 3661
CONFIRMATION NO.: 7487

ATTY.DKT. NO.: 35447-45631/US

AMENDMENT AFTER ALLOWANCE UNDER 37 C.F.R. § 1.312

This amendment under 37 CFR § 1.312 [or the patent application identilied above is
in response to the Notice of Allowance dated May 2, 2022. Prior to issuance of this

application, please enter the following amendment.
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AMENDMENT TO THE CLAIMS

Please amend the claims as follows:

1. (Currently Amended) A method for navigating autonomous vehicles, comprising:
training a probabilistic neural network, the probabilistic neural network confligured to
perform steps comprising:
receiving as input, an image of traffic, the image displaying a traffic entity
belonging to the traffic,
generating a feature vector for a plurality of features, the feature vector
comprising values describing statistical distribution for each feature,
and
generating output representing hidden context for the traffic entity, the output
comprising a plurality of values, each value representing a likelihood
of receiving a particular user response from a user presented with the
image;
receiving a new earpera image caplured by a camera mounted on an autonomous
vehicle navigating through traffic;
executing the probabilistic neural network to generate output representing hidden
context for at least a traffic entity displayed in the new image;
determining a measure of uncertainty for each of the plurality of values; and
navigating the autonomous vehicle to avoid the traffic entity displayed in the new
image, the navigation based on at least the measure of uncertainty generated

by the probabilistic neural network.
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2. (Original) The method of claim 1, wherein the values describing statistical

distribution for cach fcaturc comprisc a mcan valuc and a standard dcviation for the fcaturc.

3. (Currently Amended) The method of claim 1, wherein training the probabilistic
neural network comprises determining evidence lower bound between the plurality of values
predicted and a plurality of values determined from user responses obtained from users

presented with images from [[the]] a training dataset.

4. (Currently Amended) The method of claim 1, wherein determining the measure of
uncertainty for each of the plurality of values comprises:
generating a plurality of samples for the input image using the probabilistic neural
network; and
determining [[the]] a confidence interval for each of the plurality of values input using

the plurality of samples.

5. (Original) The method of claim 1, wherein navigating the autonomous vehicle
comprises ensuring that the autonomous vehicle stays at least a threshold distance away from
the traffic entity displayed in the new image, the threshold distance determined based on the

measure of uncertainty generated by the probabilistic neural network.

6. (Currently Amended) The mcthod of claim 5 [[1]], whercein the threshold distance is
determined to be a value directly related to the measure of uncertainty generated by the

probabilistic neural network.

7. (Original) The method of claim 1, wherein the hidden context represents a state of

mind of a user represented by the traffic entity.
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8. (Original) The method of claim 1, wherein the hidden context represents a task that a

uscr represented by the traffic entity is planning on accomplishing.

9. (Original) The method of claim 1, wherein the hidden context represents a degree of

awareness of the autonomous vehicle by a user represented by the traffic entity.

10. (Original) The method of claim 1, wherein the hidden context represents a goal of a
user represented by the traffic entity, wherein the user expects to achieve the goal within a

threshold time interval.

11. (Currently Amended) The method of claim 1, wherein navigating the autonomous

vehicle comprises:
generating signals for controlling the autonomous vehicle based on [[the]] motion
parameters and the hidden context of each-of the traffic entity entities; and

sending the generated signals to controls of the autonomous vehicle.

12. (Original) The method of claim 1, wherein the probabilistic neural network is a

probabilistic convolutional neural network.

13. (Currently Amended) A non-transitory computer readable storage medium storing
instructions, that when executed by a processor, cause the processor to perform steps
comprising:
training a probabilistic neural network, the probabilistic neural network configured to
perform steps comprising:
receiving as input, an image of traffic, the image displaying a traffic entity

belonging to the traffic,
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generating a feature vector for a plurality of features, the feature vector
comprising valucs describing statistical distribution for cach fcaturc,
and
generating output representing hidden context for the traffic entity, the output
comprising a plurality of values, each value representing a likelihood
of receiving a particular user response from a user presented with the
image;
receiving a new eamera image captured by a camera mounted on an autonomous
vehicle navigating through traffic;
executing the probabilistic neural network to generate output representing hidden
context for at least a traffic entity displayed in the new image;
determining a measure of uncertainty for each of the plurality of values; and
navigating the autonomous vchicle to avoid the traffic cntity displayed in the ncw
image, the navigation based on at least the measure of uncertainty generated

by the probabilistic neural network.

14. (Original) The non-transitory computer readable storage medium of claim 13,
wherein the values describing statistical distribution for each feature comprise a mean value

and a standard decviation for the fcature.

15. (Currently Amended) The non-transitory computer readable storage medium of claim
13, wherein training the probabilistic neural network comprises determining evidence lower
bound between the plurality of values predicted and a plurality of values determined [rom

user responses obtained from users presented with images from [[the]] a training dataset.
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16. (Currently Amended) The non-transitory computer readable storage medium of claim
13, whercin determining the measurc of uncertainty for cach of the plurality of valucs
comprises:
generating a plurality of samples for the input image using the probabilistic neural
network; and
determining [[the]] a confidence interval for each of the plurality of values inpst using

the plurality of samples.

17. (Original) The non-transitory computer readable storage medium of claim 13,
wherein navigating the autonomous vehicle comprises ensuring that the autonomous vehicle
stays at least a threshold distance away from the traffic entity displayed in the new image, the
threshold distance determined based on the measure of uncertainty generated by the

probabilistic neural network.

18. (Currently Amended) The non-transitory computer readable storage medium of claim
17 [[10]], wherein the threshold distance is determined to be a value directly related to the

measure of uncertainty generated by the probabilistic neural network.

19. (Currently Amended) The non-transitory computer readable storage medium of claim
13 [110]], wherein navigating the autonomous vehicle comprises:
generating signals for controlling the autonomous vehicle based on [[the]] motion
parameters and the hidden context of each-of the traffic entity entities; and

sending the generated signals to controls of the autonomous vehicle.

20. (Currently Amended) A computer system comprising:

a Processor; and

TESLA EXHIBIT 1002, Page 154



a non-transitory computer readable storage medium storing instructions that when
cxccuted by the processor, causc the processor to perform steps comprising:
training a probabilistic neural network, the probabilistic neural network

configured to perform steps comprising:
receiving as inpul, an image of tralfic, the image displaying a tralfic
entity belonging to the traffic,
generating a feature vector for a plurality of features, the feature vector
comprising values describing statistical distribution for each
feature, and
generating output representing hidden context for the traffic entity, the
output comprising a plurality of values, each value representing
a likelihood of receiving a particular user response from a user
presented with the image;
receiving a new eammera image captured by a camera mounted on an
autonomous vehicle navigating through traffic;
execuling the probabilistic neural network (o generale outpul representing
hidden context for at least a traffic entity displayed in the new image;
determining a measure of uncertainty for each of the plurality of values; and
navigating the autonomous vehicle to avoid the traffic entity displayed in the
new image, the navigation based on at least the measure of uncertainty

generated by the probabilistic neural network.
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REMARKS

In the Notice of Allowance dated May 2, 2022, claims 1-20 were allowed. The
Applicant is submitting this Amendment under 37 CFR § 1.312 to correct certain

typographical and grammatical errors. No new matter is added.

Examiner is invited to contact Representative at the number listed below if Examiner

wishes to discuss any of the issues noted above.

Respectfully submitted,

Dated: May 3, 2022 / Rajendra B. Panwar/
Rajendra B. Panwar, Reg. No. 63,165
FENWICK & WEST LLP
801 California Street
Mountain View, CA 94041
Phone: (650) 335-7107
Fax: (650) 938-5200
Email: rpanwar@ fcnwick.com
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Amendment after Notice of Allowance (Rule 312) 1 1
Claims 2 7
Applicant Arguments/Remarks Made in an Amendment 8 8
Warnings:
Information:
Total Files Size (in bytes): 43281

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.
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UNITED STATES PATENT AND TRADEMARK OFFICE PRESORTED

COMMISSIONER FOR PATENTS FIRST-CLASS MAIL
P.0O.BOX 1450 U.S. POSTAGE PAID

) POSTEDIGITAL
ALEXANDRIA VA 22313-1451 NNNNN

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

Courtesy Reminder for
Application Serial No: 16/783,845

Attorney Docket No: 35447-45631/US
Customer Number: 758
Date of Electronic Notification: 05/02/2022

This is a courtesy reminder that new correspondence is available for this
application. If you have not done so already, please review the
correspondence. The official date of notification of the outgoing
correspondence will be indicated on the form PTOL-90 accompanying the
correspondence.

An email notification regarding the correspondence was sent to the following
email address(es) associated with your customer number:
PTOC@Fenwick.com

To view your correspondence online or update your email addresses, please
visit us anytime at https:/ppair-my.uspto.gov/pair/PrivatePair.

If you have any questions, please email the Electronic Business Center (EBC)
at EBC@uspto.gov or call 1-866-217-9197.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO.
16/783,845 02/06/2020 Jacob Reinier Maat 35447-45631/US 7487
758 7590 06/09/2022 | EXAMINER
FENWICK & WEST LLP
SILICON VALLEY CENTER INGRAM, THOMAS P

801 CALIFORNIA STREET
MOUNTAIN VIEW, CA 94041

| ART UNIT | PAPER NUMBER
3668
| NOTIFICATION DATE | DELIVERY MODE
06/09/2022 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):
PTOC@Fenwick.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

16/783,845 Maat et al.
Response to Rule 312 Communication Examiner Art Unit | AIA (FITF) Status
THOMAS P INGRAM 3668 | Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --

1. @ The amendment filed on 03 May 2022 under 37 CFR 1.312 has been considered, and has been:

a) ¥
by [
C)D

entered.
entered as directed to matters of form not affecting the scope of the invention.

disapproved because the amendment was filed after the payment of the issue fee.

Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1)
and the required fee to withdraw the application from issue.

disapproved. See explanation below.
entered in part. See explanation below.

not entered because the supplemental or corrected Application Data sheet (ADS)
(J was not accompanied by a petition to accept an unintentionally delayed claim under 37 CFR 1.55 or 27 CFR 1.78;
(O did not identify the information being changed in accordance with 37 CFR 1.76(c)(2);
(J was not properly signed in accordance with 37 CFR 1.76(e) (or 37 CFR 1.33(b) for applications filed prior to
September 16, 2012).

/Thomas Ingram/
Primary Examiner, Art Unit 3668

U.S. Patent and Trademark Office
PTOL-271 (Rev. 08-21) Response to Rule 312 Communication Part of Paper No. 20220602
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Receipt date: 05/03/2022 16/783,845 — GAU: 3668

OK 7O ENTER: /7I/

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

APPLICANT: Perceptive Automata, Inc.

APPLICATION NO.: 16/783,845

FILING DATE: February 6, 2020

TITLE: PROBABILISTIC NEURAL NETWORK FOR PREDICTING

HIDDEN CONTEXT OF TRAFFIC ENTITIES FOR
AUTONOMOUS VEHICLES

EXAMINER: BLACK, THOMAS G
GROUP ART UNIT: 3661
CONFIRMATION NO.: 7487

ATTY. DKT. NO.: 35447-45631/US

AMENDMENT AFTER ALLOWANCE UNDER 37 C.F.R. § 1.312

This amendment under 37 CFR § 1.312 for the patent application identified above is
in response to the Notice of Allowance dated May 2, 2022. Prior to issuance of this

application, please enter the following amendment.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

APPLICANT: Perceptive Automata, Inc.

APPLICATION NO.: 16/783,845

FILING DATE: February 6, 2020

TITLE: PROBABILISTIC NEURAL NETWORK FOR PREDICTING

HIDDEN CONTEXT OF TRAFFIC ENTITIES FOR
AUTONOMOUS VEHICLES

EXAMINER: BLACK, THOMAS G
GROUP ART UNIT: 3661
CONFIRMATION NO.: 7487

ATTY. DKT. NO.: 35447-45631/US

AMENDMENT AFTER ALLOWANCE UNDER 37 C.F.R. § 1.312

This amendment under 37 CFR § 1.312 for the patent application identified above is in
response to the Notice of Allowance dated May 2, 2022. Prior to issuance of this application,

please enter the following amendment.
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AMENDMENTS TO THE SPECIFICATION

Please amend the specification as follows:

[0001] This invention was made with government support under Award No. 1738479

awarded by National Science Foundation’s Division of Industrial Innovation and Partnerships

(IIP). The government has certain rights in the invention.
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REMARKS

In the Notice of Allowance dated May 2, 2022, claims 1-20 were allowed. Applicant is
submitting this Amendment under 37 CFR § 1.312 (“Rule 312”) to add a Government Support
Clause to the specification. No new matter is added.

If the Examiner has any questions concerning this Rule 312 amendment, the Examiner is

invited to telephone Applicant’s representative at the number below.

Respectfully Submitted,

Date: August 2, 2022 By:  /Rajendra B. Panwar/

Rajendra B. Panwar, Reg. No. 63,165
Fenwick & West LLP

Silicon Valley Center

801 California Street

Mountain View, CA 94041

Tel.: (650) 335-7107

Fax: (650) 938-5200
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Electronic Acknowledgement Receipt

EFS ID: 46319352
Application Number: 16783845
International Application Number:
Confirmation Number: 7487

Title of Invention:

PROBABILISTIC NEURAL NETWORK FOR PREDICTING HIDDEN CONTEXT OF
TRAFFIC ENTITIES FOR AUTONOMOUS VEHICLES

First Named Inventor/Applicant Name:

Jacob Reinier Maat

Customer Number:

758

Filer:

Rajendra Bhagwatisingh Panwar

Filer Authorized By:

Attorney Docket Number: 35447-45631/US
Receipt Date: 02-AUG-2022
Filing Date: 06-FEB-2020
Time Stamp: 03:50:38

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Slze(B)ftes)/ Ml.l":l. 'Pages
Number Message Digest | Part/.zip| (ifappl.)
93583
45631_US_Amendment_312_g
! Clause.pdf yes 3
OVt_ ause.p ce66d574143b777e0ecc3c0fd143c1bd33a

d828c
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Multipart Description/PDF files in .zip description
Document Description Start End

Amendment after Notice of Allowance (Rule 312) 1 1

Specification 2 2

Applicant Arguments/Remarks Made in an Amendment 3 3

Warnings:
Information:
Total Files Size (in bytes): 93583

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.
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

Mail Stop ISSUE FEE
Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.

By mail, send to: By fax, send to:  (571)-273-2885

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

758 7590
FENWICK & WEST LLP
SILICON VALLEY CENTER
801 CALIFORNIA STREET
MOUNTAIN VIEW, CA 94041

05/02/2022

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.

(Typed or printed name)

(Signature)

(Date)

| APPLICATION NO. FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
16/783,845 02/06/2020 Jacob Reinier Maat 35447-45631/US 7487
TITLE OF INVENTION: PROBABILISTIC NEURAL NETWORK FOR PREDICTING HIDDEN CONTEXT OF TRAFFIC ENTITIES FOR
AUTONOMOUS VEHICLES
APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional SMALL $600 $0.00 $0.00 $600 08/02/2022
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
INGRAM, THOMAS P 3668 701-025000

1. Change of correspondence address or indication of "Fee Address” (37
CFR 1.363).

M| Change of correspondence address (or Change of Correspondence
Address form PTO/AIA/122 or PTO/SB/122) attached.

(] "Fee Address” indication (or "Fee Address" Indication form PTO/
AIA/47 or PTO/SB/47; Rev 03-02 or more recent) attached. Use of a
Customer Number is required.

2. For printing on the patent front page, list

(1) The names of up to 3 registered patent attorneys
or agents OR, alternatively,

(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of up to 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

Fenwick & West LLP

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Perceptive Automata, Inc. Boston, MA

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individual Corporation or other private group entity (] Government

(Aissue Fee [Jpublication Fee (if required) [_JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

4a. Fees submitted:

X1 Electronic Payment via EFS-Web (] Enclosed check (L] Non-electronic payment by credit card (Attach form PTO-2038)

The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. 192555

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

M| Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

/Rajendra B. Panwar/

Authorized Signature

August 2, 2022

Date

Typed or printed name Rajendra B. Panwar

63,165

Registration No.

PTOL-85 Part B (08-18) Approved for use through 01/31/2020

Page 2 of 3
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Electronic Patent Application Fee Transmittal

Application Number:

16783845

Filing Date:

06-Feb-2020

Title of Invention:

PROBABILISTIC NEURAL NETWORK FOR PREDICTING HIDDEN CONTEXT OF
TRAFFIC ENTITIES FOR AUTONOMOUS VEHICLES

First Named Inventor/Applicant Name:

Jacob Reinier Maat

Filer:

Rajendra Bhagwatisingh Panwar/LaYonda Prue

Attorney Docket Number:

35447-45631/US

Filed as Small Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE 2501 1 600 600
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Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 600
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Electronic Acknowledgement Receipt

EFS ID: 46319862
Application Number: 16783845
International Application Number:
Confirmation Number: 7487

Title of Invention:

PROBABILISTIC NEURAL NETWORK FOR PREDICTING HIDDEN CONTEXT OF
TRAFFIC ENTITIES FOR AUTONOMOUS VEHICLES

First Named Inventor/Applicant Name:

Jacob Reinier Maat

Customer Number:

758

Filer:

Rajendra Bhagwatisingh Panwar

Filer Authorized By:

Attorney Docket Number: 35447-45631/US
Receipt Date: 02-AUG-2022
Filing Date: 06-FEB-2020
Time Stamp: 18:03:53

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment yes

Payment Type DA

Payment was successfully received in RAM $600

RAM confirmation Number E202282105112962
Deposit Account 192555

Authorized User

Rajendra Panwar

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

37 CFR 1.16 {National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.19 (Document supply fees)
37 CFR 1.20 {Post Issuance fees)

37 CFR 1.21 {Miscellaneous fees and charges)

File Listing:
Document .. . File Size(Bytes Multi Pages
Document Description File Name ( y i . . 9
Number Message Digest | Part/.zip| (ifappl.)
178335
1 Issue Fee Payment (PTO-858) 45631_US_ISSLlje_deee_Transmlt no 1
ta p 68847b556c8764e053d72c68bedc3ae337
7a24d
Warnings:
Information:
38569
2 Fee Worksheet (SB06) fee-info.pdf no 2
b0d054cScee4b524a40007813ae11e5663 1
Warnings:
Information:
Total Files Size (in bytes): 216904

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO.
16/783,845 02/06/2020 Jacob Reinier Maat 35447-45631/US 7487
758 7590 08/29/2022 | EXAMINER
FENWICK & WEST LLP
SILICON VALLEY CENTER INGRAM, THOMAS P

801 CALIFORNIA STREET
MOUNTAIN VIEW, CA 94041

| ART UNIT | PAPER NUMBER
3668
| NOTIFICATION DATE | DELIVERY MODE
08/29/2022 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):
PTOC@Fenwick.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

16/783,845 Maat et al.
Response to Rule 312 Communication Examiner Art Unit | AIA (FITF) Status
THOMAS P INGRAM 3668 | Yes

a) [
b) V)
C)D

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --

1. M The amendment filed on 02 August 2022 under 37 CFR 1.312 has been considered, and has been:

entered.
entered as directed to matters of form not affecting the scope of the invention.

disapproved because the amendment was filed after the payment of the issue fee.

Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1)
and the required fee to withdraw the application from issue.

disapproved. See explanation below.
entered in part. See explanation below.

not entered because the supplemental or corrected Application Data sheet (ADS)
(J was not accompanied by a petition to accept an unintentionally delayed claim under 37 CFR 1.55 or 27 CFR 1.78;
(O did not identify the information being changed in accordance with 37 CFR 1.76(c)(2);
(J was not properly signed in accordance with 37 CFR 1.76(e) (or 37 CFR 1.33(b) for applications filed prior to
September 16, 2012).

/Thomas Ingram/
Primary Examiner, Art Unit 3668

U.S. Patent and Trademark Office
PTOL-271 (Rev. 08-21) Response to Rule 312 Communication Part of Paper No. 20220823
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Receipt date: 08/02/2022 16/783,845 ~ GAU: 3688

GR TO ENTER: /ri/

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

APPLICANT: Perceptive Automata, Inc.

APPLICATION NO.: 16/783,845

FILING DATE: February 6, 2020

TITLE: PROBABILISTIC NEURAL NETWORK FOR PREDICTING

HIDDEN CONTEXT OF TRAFFIC ENTITIES FOR
AUTONOMOUS VEHICLES

EXAMINER: BLACK, THOMAS G
GROUP ART UNIT: 3661
CONFIRMATION NO.: 7487

ATTY. DKT. NO.: 35447-45631/US

AMENDMENT AFTER ALLOWANCE UNDER 37 C.F.R. § 1.312

This amendment under 37 CFR § 1.312 for the patent application identified above is in
response to the Notice of Allowance dated May 2, 2022. Prior to issuance of this application,

please enter the following amendment.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO.
16/783,845 02/06/2020 Jacob Reinier Maat 35447-45631/US 7487
758 7590 09/13/2022 | EXAMINER
FENWICK & WEST LLP
SILICON VALLEY CENTER INGRAM, THOMAS P

801 CALIFORNIA STREET
MOUNTAIN VIEW, CA 94041

| ART UNIT | PAPER NUMBER
3668
| NOTIFICATION DATE | DELIVERY MODE
09/13/2022 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):
PTOC@Fenwick.com

PTOL-90A (Rev. 04/07)
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mect Application No. Applicant(s)
Noti COfA//ed bili 16/783,845 Maat et al.
olice of Allowabliity Examiner ArtUnit | AIA (FITF) Status
THOMAS P INGRAM 3668 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.} This communication is responsive to the IDS dated 4/29/2022.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are 1-20 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www._uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

Certified copies:
a) LJAll b) (J Some* ¢) [J None of the:
1. [J Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6..J DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.0 Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2.[¥) Information Disclosure Statements (PTO/SB/08), 6. (J Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 4/29/2022.

3.0 Examiner's Comment Regarding Requirement for Deposit 7. (3 Other .

of Biological Material .
4. Interview Summary (PTO-413),
Paper No./Mail Date.
/Thomas Ingram/
Primary Examiner, Art Unit 3668

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20220906
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! 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
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[C] That no item of information contained in the information disclosure statement was cited in a communication from a
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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.
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XI A certification statement is not submitted herewith.
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16/783,845 10/11/2022 11467579 35447-45631/US 7487
758 7590 09/21/2022
FENWICK & WEST LLP
SILICON VALLEY CENTER

801 CALIFORNIA STREET
MOUNTAIN VIEW, CA 94041

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 299 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should
be directed to the Application Assistance Unit (AAU) of the Office of Patents Stakeholder Experience (OPSE),
Stakeholder Support Division (SSD) at (571)-272-4200.

INVENTORC(S) (Please see PAIR WEB site http://pair.uspto.gov for additional inventors):

Jacob Reinier Maat, Boston, MA;
Samuel English Anthony, Somerville, MA;

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Perceptive Automata, Inc., Boston, MA

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 USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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