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FIG. 7
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PROBABILISTIC NEURAL NETWORK FOR PREDICTING HIDDEN CONTEXT

OF TRAFFIC ENTITIES FOR AUTONOMOUS VEHICLES

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 (or environment) 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 people near the vehicles. This is
accomplished by collecting data of a person’s current and past movements, determining a
motion vector of the person at a current time based on these movements, and extrapolating a
future motion vector representing the person’s predicted motion at a future time based on the
current motion vector. However, 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
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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.

BRIEF DESCRIPTION OF FIGURES
[0004] 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.
[0005] FIG. 1A is a system diagram of a networked system for predicting human
behavior according to some embodiments of the invention.
[0006] FIG. 1B is the system architecture of a neural network used for prediction of
hidden context associated with traffic entities, according to some embodiments of the
invention.
[0007] FIG. 2A is a flow chart showing a process of predicting human behavior,
according to some embodiments of the invention.
[0008] FIG. 2B shows an example of a derived stimulus, according to some embodiments
of the invention.
[0009] FIG. 3 is a system diagram showing a sensor system associated with a vehicle,

according to some embodiments of the invention.
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[0010] FIG. 4 shows a process of generating derived stimuli from raw camera or sensor
data in the vehicle, according to some embodiments of the invention.

[0011] FIG. 5 is a flowchart showing a process of collecting predictions and other
information from human observers based on derived stimuli, according to some embodiments
of the invention.

[0012] FIG. 6 shows a data structure associated with tracking video frame data, according
to some embodiments of the invention.

[0013] FIG. 7 is a flowchart showing a process for producing summary statistics of a
video frame or derived stimulus according to some embodiments of the invention.

[0014] FIG. 8 is a flowchart showing a process of training a learning algorithm using
summary statistics, according to some embodiments of the invention.

[0015] FIG. 9 is a flowchart showing a process of predicting the state of mind of road
users using a trained learning algorithm, according to some embodiments of the invention.
[0016] FIG. 10 is a diagram showing an example of an application of a context user
prediction process in an automobile context, according to some embodiments of the
invention.

[0017] FIG. 11 represents a flowchart illustrating the process of generating training
dataset for training of neural network illustrated in FIG. 1B, according to an embodiment.
[0018] FIG. 12 represents a flowchart illustrating the process of training of neural
network illustrated in FIG. 1B, according to an embodiment.

[0019] FIG. 13 represents a flowchart illustrating the process of generating training
dataset for training of neural network illustrated in FIG. 1B, according to another

embodiment.
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[0020] FIG. 14 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
[0021] 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.
[0022] In one embodiment, a group of users (or human observers) view sample images of
people (such as pedestrians) near streets and/or vehicles and indicate or are measured for their
understanding of how they believe the people will behave. These indicators or measurements
are then used as a component for training 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 machine
learning based model predicts behavior of traffic entities in a real-world environment, for
example, actual pedestrian behavior in a real-world environment.
[0023] 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. 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.
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System Environment

[0024] 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 user terminal 108, a model training system
112 and a prediction engine 114.

[0025] 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.

[0026] 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.

[0027] 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
the information, and (3) delivering such information and accompanying responses (such as
responses input via client device 108) back to the network 104.

[0028] 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.

[0029] 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
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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.

[0030] The prediction engine 114 can be implemented in any computing system. In an
illustrative example, the prediction engine 114 includes 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.

[0031] 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
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.

[0032] FIG. 1B 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

TESLA EXHIBIT 1006, Page 24



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.

[0033] The neural network 120 receives an encoding of an image or video as input 122.
The neural network is configured to predict estimates of measures of uncertainty for hidden
context attributes, for example, state of mind of pedestrians or bicyclists. The input 122
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. 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 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.

[0034] 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
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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.

[0035] 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.
[0036] 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
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. In an embodiment, the neural network 120 is an LSTM (long

short-term model).
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[0037] 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 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 represents statistical distribution, for example, mean and standard
deviation values. In an embodiment, the neural network 120 is a convolutional neural
network.

[0038] 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.

[0039] FIG. 2A is a flow chart showing a process of predicting human behavior,
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 mounted to an automobile, and could be mounted to another type of
vehicle, such as a bicycle. As the vehicle travels along various streets, the camera or sensor
captures still and/or moving images (or other sensor data) of pedestrians, bicycles,
automobiles, efc. moving or being stationary on or near the streets. In step 202, this video or
other data captured by the camera or other sensor is transmitted from the vehicle 102, over

the network 104, and to the server 106 where it is stored.
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[0040] Then, in step 204, video frames or segments are extracted from the stored video or
other data and are used to create stimulus data including derived stimulus (or stimuli). In one
implementation, the derived stimulus corresponds to a scene in which one or more humans
are conducting activities (e.g., standing, walking, driving, riding a bicycle, efc.) beside or on a
street and/or near a vehicle. As explained in more detail below for example in step 214 and
in the text accompanying FIG. 9, as part of the training process for the prediction algorithm,
human observers view the derived stimulus and predict how they believe the humans shown
in the derived stimulus will act. In yet a further implementation, after the video frames or
segments are extracted from the stored data, the derived stimulus is generated by
manipulating the pixels or equivalent array data acquired from the camera or other sensor in
step 204, producing a new data file that conveys a portion of the information from the
original video with certain aspects highlighted or obscured, as described below in FIG 4.
[0041] FIG. 2B shows an example of a derived stimulus, according to some embodiments
of the invention. As shown, three non-consecutive frames 220, 222, 223, and 224, are
extracted from a short segment of video. A copy of the first frame is made 220. On the copy
of the first frame 220, a box 221 is drawn around the figure of interest, highlighting that
figure. The copy of the first frame 220 and the three extracted frames 222, 223, and 224 are
then recombined into a short video segment that loops. This encourages human observers to
focus on a figure of interest in the video segment.

[0042] In step 206, the derived stimulus is transmitted from the server 106 and displayed
to a large number of users (or human observers) on the user terminal 108 (or multiple
terminals 108). The terminal(s) 108 prompt the human observers to predict how the people
shown in the derived stimulus will act, and upon viewing the displayed stimulus, the
observers input their responses corresponding to their predictions. For example, in the

derived stimulus shown in FIG. 2B, the human observers may predict that the bicyclist will

10
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continue riding to the left in the figure. In other derived stimuli, the responses may predict
whether a first person in the stimulus will cross the street, another person will remain
standing on a street corner, and yet another person will change lanes on his or her bicycle. In
an illustrative embodiment, the human observers may make a continuous or ordinal judgment
about the state of mind or the predicted behavior of the people shown in the derived stimulus
and record that judgment. For example, the human observers may select an appropriate icon
displayed on the terminal(s) 108 by clicking a mouse or by pressing a key to indicate their
judgment or prediction. The judgment or prediction may correspond to the human observers’
assessment of the state of mind of the person in the derived stimulus or other awareness or
intention that would be relevant to a hypothetical driver who sees the person in the derived
stimulus while driving. In step 208, the derived stimulus and associated human observer
responses are transmitted from the terminal(s) 108 to the server 106 and recorded in the user
response database 110.

[0043] In step 210, summary statistics are generated based on the user responses. For
example, the statistics may characterize the aggregate responses of multiple human observers
to a particular derived stimulus. For instance, if the derived stimulus shows a pedestrian
walking on a sidewalk towards an intersection, the response can be categorized in terms of
how many human observers believe that the pedestrian will stop upon reaching the
intersection, continue walking straight across the intersection, turn a corner and continue
walking along the sidewalk without crossing the intersection, 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
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terms of central tendency, variance, skew, kurtosis, scale, histogram. Also, the statistics can
include a parameter that additionally or alternatively characterizes the movement of the
human observers’ eyes relative to a display when making the judgments in terms of central
tendency, variance, skew, kurtosis, scale, histogram or two-dimensional distribution. In one
embodiment, the statistics are stored in the user response database 110 with an index that
identifies the raw video or sensor data from which the derived stimulus was generated. 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.

[0044] In step 212, the stored statistics and corresponding images (e.g., the video frames
or segments that were extracted from the video or other data (captured from the camera or
sensor of the vehicle 202)) are sent over the network 104 to the model training system 112
and used to train a prediction algorithm. For example, the collection of images and statistics
can be used to train a supervised learning algorithm, which can comprise a random forest
regressor, a support vector regressor, a simple neural network, a deep convolutional neural
network, a recurrent neural network, a long-short-term memory (LSTM) neural network with
linear or nonlinear kernels that are two dimensional or three dimensional, or any other
supervised learning algorithm which is able to take a collection of data labeled with
continuous values and adapt its architecture in terms of weights, structure or other
characteristics to minimize the deviation between its predicted label on a novel stimulus and
the actual label collected on that stimulus using the same method as was used on the set of

stimuli used to train that network. The model is given data which comprises some subset of
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the pixel data from the video frames that the summary statistics were generated from. In one
implementation, this subset includes the pixel data contained in a box (such as the box 221
shown in FIG. 2B) drawn to contain the boundaries of the person, cyclist, motorist and
vehicle, or other road user, including their mode of conveyance. In some other
implementations, it also includes the entire pixel data from the rest of the image. In one of
those implementations, that pixel data is selected according to criteria such as the salience of
those features in terms of contrast, lighting, presence of edges, or color. In an additional
implementation, the features can include descriptive meta-data about the images such as the
dimensions and location of the bounding box, the shape of the bounding box or the change in
size or position of the bounding box from one frame to the next.

[0045] In step 214, the prediction engine 114 uses the trained model from the model
training system 112 to predict the actual, “real-world” or “live data” behavior of people on or
near a road. In one embodiment, the prediction engine 114 receives “live data” that matches
the format of the data used to train the trained model. For example, if the trained model was
trained based on video data received from a camera on the vehicle 102, the “live data” that is
input to the algorithm likewise is video data from the same or similar type camera. On the
other hand, if the model was trained based on another type of sensor data received from
another type of sensor on the vehicle 102, the “live data” that is input to the prediction engine
114 likewise is the other type of data from the same or similar sensor.

[0046] 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
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generate the summary statistics for the training data, but where the correlation between
summary statistics and image data was not part of the model training process. The
predictions produced by the trained model comprise a set of predictions of the state of mind
of road users that can then be used to improve the performance of autonomous vehicles,
robots, virtual agents, trucks, bicycles, or other systems that operate on roadways by allowing
them to make judgments about the future behavior of road users based on their state of mind.
[0047] 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.

[0048] 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.

[0049] 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.

[0050] In some embodiments, data in the remote storage 304 also includes database
tables associated with the sensor data. When sensor data is received, a row can be added to a
database table that records information about the sensor data that was recorded, including

where it was recorded, by whom, on what date, how long the segment is, where the physical
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files can be found either on the internet or on local storage, what the resolution of the sensor
data is, what type of sensor it was recorded on, the position of the sensor, and other
characteristics.

[0051] FIG. 4 shows a process of generating derived stimuli from raw camera or sensor
data in the vehicle, according to some embodiments of the invention.

[0052] Referring to step 400, video or data frames are selected according to a method
which selects either random or specific frames from video or sensor data segments. As
described above, sensor data can include video segments or specific frames. These frames
can either be contiguous or non-contiguous, and can be in the original order, in a permuted
order, in reverse order, or in random order. Some of the frames can be repeated once or more
than once. The frames are selected so that when human observers are later presented with
reordered versions of the sequences of frames, they perceive either the actual motion of
humans in the scene that was captured in the original video, or motion that is a product of the
ordering of the frames but which diverges via reordering from the motion that was originally
captured. The temporal information that the human observers looking at the sets of images or
derived stimulus are able to use to answer questions about the sets of images may be
therefore limited or expanded to include specific temporal cues that were or were not in the
original sequence.

[0053] Referring to step 402, some of the frames can be manipulated. The frames can be
manipulated by adjusting pixel values. These manipulations can include blurring, the
addition or one or more occluding bars, bands, or shapes, sharpening, the removal of color
information, the manipulation of color information, the drawing of non-occluding or
highlighting shapes on the image, other manipulations, or a combination of the manipulations
listed here, or a combination of the manipulations listed here with other manipulations, or

other manipulations of the pixels not listed combined with each other. The manipulations
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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.

[0054] Referring to step 404, frames can be recombined to form a derived stimulus. In
some embodiments, if there is only one frame that frame comprises the derived stimulus. If
there is more than one frame those frames may then be recombined. The recombination into
a temporal segment can involve the frames having the same display time and interval as in
the original video clip or could involve faster, slower or variable display times. The timing of
the recombination is chosen in order to shape the perceived temporal duration of the activities
visible in the original video segment so the judgments the observers make will rely on
temporal information that is or is not identical to that featured in the original image.

[0055] FIG. 5 is a flowchart showing a process of collecting predictions and other
information from human observers based on derived stimuli, according to some embodiments
of the invention. In step 500, human observers are given detailed instructions about how to
answer questions about derived stimuli. In step 502, those observers are presented with
derived stimuli and asked to answer questions about them. In step 504, the observers respond
to the stimuli and those responses are recorded. In step 506, the recorded responses are
aggregated and logged in a database. For example, the responses may be sent to and logged
in the user response database 110 (FIG. 1).

[0056] Referring to step 500, in one example, some number of human observers (two or
more) are recruited to participate on one or several crowdsourcing websites, such as
Amazon’s Mechanical Turk or at a physical location provided with a display. The observers

are given detailed written and pictorial instructions explaining the task that they are about to
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complete. These instructions give examples of situations that might be depicted in the
derived stimuli, and the kinds of responses that would be appropriate for those situations. For
example, if human observers are asked to judge the intention of a pedestrian to walk in front
of a car, the instructions may be: “In this test, we want you to pretend you’re driving a car.
You’'ll see road scenes with cyclists highlighted, and you’ll have to decide what they’re
planning to do. Try to answer as quickly as you can. If a box contains more than one cyclist,
try to judge if any of them intends to ride into the path of your car. Some of the images might
be small, or dark, but just do your best.”

[0057] Referring to step 502, the human observers may be shown a display which
includes the derived stimulus. The display also includes a mechanism for making a judgment
about the stimulus. The mechanism for making the judgment can be a continuous indicator
such as a ribbon on which the observer could drag a control to a certain point. The
mechanism can also be an ordinal measure such as a Likert scale where the observer can
make a judgment about a degree of certainty of the judgment. The mechanism can also be a
control that the human observer drags with their mouse to draw a trajectory onscreen
indicating a judgment. The mechanism can also be a text entry field where the observer types
a description of their judgment. The judgment that the human observer makes is an
evaluation of the state of mind of a road user depicted in the derived stimulus. The
evaluation can be of the intention, awareness, personality, state of consciousness, level of
tiredness, aggressiveness, enthusiasm, thoughtfulness or another characteristic of the internal
mental state of the pictured road user. If the ratings collected are on an ordinal scale they can
describe the characteristic using language of probability, such as “the other driver may be
attentive” or “the other driver” is definitely attentive” or “the other driver is definitely not
attentive”. The ratings of large numbers of human observers are collected. Summary

statistics are generated based on the responses of all of the observers who looked at an image.
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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] Referring to step 504, the explicit response of the observer is recorded as well as
implicit data. The implicit data can include how long the subject took to respond, if they
hesitated in their motions, if they deleted keystrokes, if they moved the mouse anywhere
other than the location corresponding to the response they eventually chose, where their eyes
moved, or other implicit measures.

[0059] Referring to step 506, the responses are aggregated and recorded in a data
structure, such as the user response database 110 (FIG. 1). This data structure is then sent as
a text field to a networked computer system running database software and logged in a
database.

[0060] FIG. 6 shows a data structure (e.g., table) associated with tracking video frame
data according to some embodiments of the invention. Column 600 shows an example of a
unique identifier for each human observer who rated an image. Column 602 shows a unique
identifier for a given derived stimulus. Column 604 shows an example of a response from an
observer recorded in the database. Column 606 shows an example of additional information -
in this case response time — recorded by the database.

[0061] In reference to column 600, each observer who is shown the stimuli is given a
unique identifier so that information about their response may be analyzed in the context of

their responses to other images.
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[0062] In reference to column 602, each derived stimulus that is rated by a human
observer is listed with a filename and path that uniquely identifies that derived stimulus, and
also indicates the original video frames from which that derived stimulus was generated.
[0063] In reference to column 604, for each stimulus rated by each human observer, a
response is recorded that could be a continuous, discrete, or ordinal value. This value may
refer to the probability of the pictured human road user has a given state of mind — e.g. that
a pedestrian is likely to cross the street or that an oncoming vehicle is unlikely to be willing
to yield to the vehicle containing the sensor if the vehicle containing the sensor needs to tum.
In some embodiments, a higher ordinal value (e.g., the ordinal 4 as shown in FIG. 6)
indicates that a human observer believes that there is a higher probability that the pictured
human road user has a given state of mind or will perform a particular action. On the other
hand, a lower ordinal value (e.g., the ordinal 1 as shown in FIG. 6) indicates that the human
observer believes that there is a lower probability that the pictured human road user has the
state of mind or will perform the particular action. On the other hand, in some embodiments,
a lower ordinal value can indicate a higher probability of an action, and a higher ordinal value
can indicate a lower probability of an action.

[0064] In reference to column 606, an amount of time associated with a subject
responding to the derived stimulus is also recorded. In some embodiments, this time is
associated with the overall reliability of the human observer’s rating. For example, a
response associated with a lower response time may be weighted higher and a response
associated with a slower response time may be weighted lower.

[0065] FIG. 7 is a flowchart showing a process for producing summary statistics of a
video frame or derived stimulus according to some embodiments of the invention. In step
700, per-image results are extracted from the database which stores responses from a human

observer. In step 702, summary statistics are calculated using those per-image results. In
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step 704, records of the summary statistics attached to frames from the raw car data (not the
derived stimuli) are recorded in a separate table.

[0066] Records of all of the responses by human observers on a given task for a given
frame are extracted from the database in step 700. In one example, all of the responses of a
given type are aggregated into a single data structure.

[0067] This data structure is queried to produce summary statistics in step 702. These
summary statistics could include measurements of the central tendency of the distribution of
scores like the mean, median, or mode. They could include measurements of the
heterogeneity of the scores like variance, standard deviation, skew, kurtosis,
heteroskedasticity, multimodality, or uniformness. They could also include summary
statistics like those above calculated from the implicit measurements of the responses listed
above.

[0068] The calculated summary statistics are recorded in a database table in step 704
attached to a unique identifier which links them to the video frame or sensor data frame
associated with the responses from which they were calculated.

[0069] FIG. 8 is a flowchart showing a process of training a learning algorithm using
summary statistics, according to some embodiments of the invention. For example, in one
embodiment, the process may train an algorithm used in the model training system 112 in
FIG. 1. In step 800, summary statistics linked to a given video or sensor frame are extracted
from the database 110 in FIG. 1. Subsequently, in step 802, the video or sensor frame may be
collated with the statistics label for the frame. The collated frame is provided to the learning
algorithm in the model training system 112 in step 804, and this process yields a final
learning algorithm in step 806.

[0070] In some embodiments, between one and three partitions are generated from the

database records in step 800. These partitions each comprise a list of images in the set of
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images that have been manipulated to create derived stimuli and rated by human observers.
At least one of these partitions is made to comprise a set of training data. An additional
partition may be created to use as a set of validation data, a second list of images in the set of
images that have been manipulated to create derived stimuli and rated by human images, but
where the second validation set is not shown to the model in the learning phase, but is instead
preserved to be used later for evaluation.

[0071] The list of images in the training data partition is collated with some or all of the
summary statistics that have been generated from the human observer responses to those
images and stored in the database in step 802, such that the summary statistics are associated
with the appropriate image in the list which comprises the training partition.

[0072] Each combination of image and summary statistics comprises a single training
sample for the learning algorithm in step 804. The algorithm may be any type of supervised
learning algorithm capable of predicting a continuous label for a two or three dimensional
input, including but not limited to a random forest regressor, a support vector regressor, a
simple neural network, a deep convolutional neural network, a recurrent neural network, a
long-short-term memory (LSTM) neural network with linear or nonlinear kernels that are two
dimensional or three dimensional.

[0073] The learning algorithm is optimized by a process of progressively adjusting the
parameters of that algorithm in response to the characteristics of the images and summary
statistics given to it in the training phase to minimize the error in its predictions of the
summary statistics for the training images in step 804. In one embodiment of the model
training system 112, the algorithm can be a deep neural network. In this embodiment the
parameters are the weights attached to the connections between the artificial neurons
comprising the network. Pixel data from an image in a training set collated with human

observer summary statistics in step 802 can serve as an input to the network. This input can
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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 collected via step 802. At the end of this process the model is “trained”, which in
some embodiments, means that the difference between the summary statistics output by the
neural network and the summary statistics calculated from the responses of the human
observers in step 506 is minimized.

[0074] FIG 9. is a flowchart showing a process of predicting the state of mind of road
users using a trained learning algorithm, according to some embodiments of the invention. In
step 900, the training algorithm receives a “real world” or “live data” video or sensor frame.
Then in step 902, the trained algorithm analyzes the frame, thus enabling the algorithm in

step 904 to output a prediction of summary statistics on the frame.
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[0075] The “real world” or “live data” video or other sensor frames from a car-mounted
sensor are delivered to the trained learning algorithm in step 900. These frames have the
same resolution, color depth and file format as the frames used to train the algorithm. These
frames are delivered as individual frames or as sequences according to the format used to
train the original algorithm.

[0076] Each of these frames is analyzed by being passed through the trained model in
step 902. In one embodiment, the data from the frame that was passed through the model
would comprise the pixel data from a camera. This data would be transformed by an
artificial neural network that had been trained according to step 804. At the final stage of the
processing in the artificial network, it would produce an output. This output is the model
output in step 904.

[0077] The model outputs a number or set of numbers that comprise the predicted
summary statistics for the “real world” or “live data” image in step 904. The predicted
summary statistics are the model’s best estimation of what the summary statistics would be
on the image if the image had human annotations collected. The prediction is generated
automatically by passing the sensor data through the model, where the information is
transformed by the internal mechanisms of the model according to the parameters that were
set in the training process shown in step 804. Because these summary statistics characterize
the distribution of human responses that predict the state of mind of a road user pictured in
the stimulus, the predicted statistics are therefore a prediction of the aggregate judgment of
human observers of the state of mind of the pictured road user and thus an indirect prediction
of the actual state of mind of the road user.

[0078] FIG. 10 is a diagram showing an example of an application of a context user
prediction process in an automobile context, according to some embodiments of the

invention. In this example intention 1006 1018 means that the road user 1002 1014 has the
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goal of moving into the path of the vehicle 1000 before the vehicle 1000 (on which the
system is mounted) reaches their position. Awareness 1004 1016 in this example means that
the road user 1002 1014 understands that the vehicle on which the system is mounted 1000 is
present in their vicinity. In this example, when cyclist 1002 rides into the field of view of a
camera mounted on vehicle 1000, the pixel data of the camera image of the cyclist is fed to a
trained algorithm as described above in step 900. The trained algorithm analyzes the image
as described above in step 902. The trained algorithm would predict summary statistics as in
step 904. These summary statistics are an estimate of what the summary statistics would be
for a collection of human observers who were shown a derived stimulus of the camera data as
in step 504. The estimates summary statistics are therefore the system’s best answer to the
question “does this cyclist intend to enter the path of the vehicle.” The vehicle is therefore
able to make a guess 1006 about the intention of the cyclist that is closely matched to the
guess that a human driver would make in that same situation. In this example, the intention
of the cyclist 1006 is relatively high, as indicated by the number of horizontal bars in the
display. The system installed on an automobile 1000 also makes predictions about the
awareness 1004 of cyclists of the vehicle 1000, by the same method described for intention.
It also makes predictions about the willingness of an automobile 1008 to yield 1010 or its
desire to turn across the system-containing vehicle’s path 1012 by the same method described
above. In the case of the automobile the questions that human subjects answered that would
be predicted by the algorithm are “would the vehicle be willing to yield” 1010 and “does the
vehicle wish to turn across your path” 1012. It also makes predictions about the desire of
pedestrians 1014 to cross in front of the vehicle 1018, and whether those pedestrians are
aware of the vehicle 1016, by the same method described above.

[0079] The models described above can be implemented as a real-time module that

makes predictions of road user behavior based on input from cameras or other sensors
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installed on a car 1000. In the case of an autonomous car, these predictions can be used to
make inferences about the intent of road users such as cyclists 1002, other motorists 1008,
and pedestrians 1014 to cross into the path of the car, as well as whether the road users are
aware of the car and its future path. 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

[0080] The vehicle computing system 122 predicts hidden context representing intentions
and future plans of an agent (e.g., a pedestrian or a bicyclist) and use the hidden context for
navigating the autonomous vehicle, for example, by adjusting the path planning of the
autonomous robot based on the hidden context. For example, the vehicle computing system
122 may predict the 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 vehicle
computing system 122 may use the output of the neural network 120 to generate a motion
plan which incorporates the probabilistic uncertainty of the human assessment.

[0081] The system trains a neural network 120 configured to predict one or more hidden
context attributes associated with the traffic entity using the prediction engine 102. The
hidden context may represent a state of mind of a person represented by the traffic entity. 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 person about
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the autonomous vehicle, 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.

[0082] The vehicle computing system 122 navigates the autonomous vehicle based on the
hidden context. For example, the vehicle computing system 122 may determine a safe
distance from the traffic entity that the autonomous vehicle should maintain based on motion
parameters of the traffic entity. 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.

[0083] 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.

Overall Process of Training Neural Network

[0084] FIG. 11 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
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illustrated in FIG. 11. For example, certain steps may be performed in parallel. The steps
may be performed by modules other than those indicated herein.

[0085] The vehicle computing system 122 receives 1100 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 112. 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.

[0086] 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.

[0087] The server 106 repeats the following steps for each stimulus. The server 106
presents 1104 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 1104 and receiving 1106 user responses for
each of a plurality of users.

[0088] The server 106 determines 1108 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 1110 the stimulus and corresponding statistical distribution of
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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.

[0089] FIG. 12 represents a flowchart illustrating the process of 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. 12. For
example, certain steps may be performed in parallel. The steps may be performed by
modules other than those indicated herein.

[0090] 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.

[0091] 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
of execution, the feature extraction component 125 of the neural network 120 generates 1215
a feature vector. The system determines 1218 parameters of random variables based on the
feature vector, for example, mean and standard deviation for a normal distribution. The
system performs sampling 1220 of the random variables to generate a matrix wherein the
rows of the matrix are sampled vectors of values. The system applies 1222 softmax function
to determine probability values corresponding to each row.

[0092] Each prediction component 130 predicts 1218 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.
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[0093] The model training system 112 determines 1225 statistical distribution of the
predicted output values. The model training system 112 compares 1230 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.

[0094] 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
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 122 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.

[0095] FIG. 13 represents a flowchart illustrating the process of generating training
dataset for training of neural network illustrated in FIG. 1B, according to another

embodiment. The steps illustrated in the flowchart may be performed in an order different
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from that illustrated in FIG. 13. For example, certain steps may be performed in parallel.
The steps may be performed by modules other than those indicated herein.

[0096] The system receives an image 1302, for example, a video frame. The system
inserts the image into a feature extractor 1304, for example, the feature extraction component
125. The feature extractor produces a feature vector 1306 that has a plurality of elements.
[0097] 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 1308 of the neural network 120
(which may be part of the feature extraction module 125). The probabilistic dense layer 1308
of the neural network 120 produces a vector 1310 of mean values and a vector 1312 of
deviation values. In other embodiments, the probabilistic dense layer 1308 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.

[0098] The neural network 120 combines the vectors 1310 and 1312 to generate a vector
1314 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 1316
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
uses the probablity values to generate distribution 1318 of probabilities according to bins of
outputs.

[0099] In some embodiments, the neural network 120 also identifies confidence intervals
1320 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
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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.

[00100] When the neural network is being trained, the stochastic variational inference
process approximates the posterior likelihood (i.e., probability) of the data given the
probabilities determined from the random variables. The system performs backpropagation,
seeking to maximize the evidence lower bound for the bins computed and the bins from the
annotation (i.e., labels of the training dataset).

Computing Machine Architecture

[0100] FIG. 14 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. 14 shows a diagrammatic representation of a machine in the
example form of a computer system 1400 within which instructions 1424 (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

capable of executing instructions 1424 (sequential or otherwise) that specify actions to be
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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 1424 to perform any one or more of the methodologies discussed
herein.

[0102] The example computer system 1400 includes a processor 1402 (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 1404, and a static
memory 1406, which are configured to communicate with each other via a bus 1408. The
computer system 1400 may further include graphics display unit 1410 (e.g., a plasma display
panel (PDP), a liquid crystal display (LCD), a projector, or a cathode ray tube (CRT)). The
computer system 1400 may also include alphanumeric input device 1412 (e.g., a keyboard), a
cursor control device 1414 (e.g., a mouse, a trackball, a joystick, a motion sensor, or other
pointing instrument), a storage unit 1416, a signal generation device 1418 (e.g., a speaker),
and a network interface device 1420, which also are configured to communicate via the bus
1408.

[0103] The storage unit 1416 includes a machine-readable medium 1422 on which is
stored instructions 1424 (e.g., software) embodying any one or more of the methodologies or
functions described herein. The instructions 1424 (e.g., software) may also reside,
completely or at least partially, within the main memory 1404 or within the processor 1402
(e.g., within a processor’s cache memory) during execution thereof by the computer system
1400, the main memory 1404 and the processor 1402 also constituting machine-readable
media. The instructions 1424 (e.g., software) may be transmitted or received over a network

1426 via the network interface device 1420.
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[0104] While machine-readable medium 1422 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 1424). The term “machine-readable
medium” shall also be taken to include any medium that is capable of storing instructions
(e.g., instructions 1424) 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

[00101] 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.

[00102] The subject matter described herein can be implemented in digital electronic
circuitry, or in computer software, firmware, or hardware, including the structural means
disclosed in this specification and structural equivalents thereof, or in combinations of them.
The subject matter described herein can be implemented as one or more computer program
products, such as one or more computer programs tangibly embodied in an information
carrier (e.g., in a machine readable storage device) or in a propagated signal, for execution
by, or to control the operation of, data processing apparatus (e.g., a programmable processor,
a computer, or multiple computers). A computer program (also known as a program,
software, software application, or code) can be written in any form of programming language,
including compiled or interpreted languages, and it can be deployed in any form, including as
a stand-alone program or as a module, component, subroutine, or other unit suitable for use in

a computing environment. A computer program does not necessarily correspond to a file. A
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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.

[00103] 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).

[00104] 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
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
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processor and the memory can be supplemented by, or incorporated in, special purpose logic
circuitry.

[00105] 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.

[00106] 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.

[00107] 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
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.
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[00108] 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.

[00109] 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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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.S.C. 117 Joint Inventor

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

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

vI

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name Perceptive Automata, Inc.

Mailing Address Information For Applicant:

Address 1 10 Ware Street

Address 2

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

Email Address

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

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assighment recorded by the Office.
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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 | 35447-42707/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)| [2019-02-06
First Name | RajendraB. Last Name | Panwar Registration Number | 63,165
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 | 35447-42707/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
62/802,151 02/06/2019 140 35447-42707/US

CONFIRMATION NO. 6960
758 FILING RECEIPT

SILICON VALLEY CENTER 0O

801 CALIFORNIA STREET
MOUNTAIN VIEW, CA 94041

Date Mailed: 02/14/2019

Receipt is acknowledged of this provisional patent application. It will not be examined for patentability and will
become abandoned not later than twelve months after its filing date. Any correspondence concerning the application
must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, NAME OF
APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. Please verify
the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please submit
a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Reinier Maat, Boston, MA;
Applicant(s)
Perceptive Automata, Inc., Cambridge, MA;

Power of Attorney: The patent practitioners associated with Customer Number 00758
Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes

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

If Required, Foreign Filing License Granted: 02/13/2019

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 62/802,151

Projected Publication Date: None, application is not eligible for pre-grant publication
Non-Publication Request: No

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

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

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).

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
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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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Doc Code: R48.REQ
Document Description: Request under Rule 48 correcting inventorship

PTO/AIA/A0 (04-18)

Approved for use through 11/30/2020. OMB 0651-0031

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

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

/~  REQUEST FOR CORRECTION IN A Application Number 62/802,151 A
PATENT APPLICATION RELATING TO | Filing Date 02/06/2019
INVENTORSHIP OR AN INVENTOR First Named tnventor Jacob Reinier Maat
NAME, OR ORDER OF NAMES, OTHER | A*™ NA
THAN IN A REISSUE APPLICATION (37 |2 2 N/A
\ CFR 1.48) Nurber 35447-42707/US )

To: Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Applicant hereby requests that the inventorship be corrected or changed, or that the name of the inventor or a joint inventor, or the order of
the names of joint inventors, be changed, in the above-identified application. Note: 37 CFR 1.48 applies to any request to correct inventorship
filed on or after September 16, 2012, regardless of the application filing date. Do not submit this form after payment of the issue fee or if the
application has been patented. See 37 CFR 1.324 for correction of inventorship in a patent.

Please check the applicable box{es) below.

For a nonprovisionat application:

D 1. This request is to correct or change the inventorship in a nonprovisional application (under 37 CFR 1.48{a)} and includes:

l:l An application data sheet (ADS) in accordance with 37 CFR 1.76(c} with the corrected or updated information shown with markings
{e.g., underlining for insertions, strikethrough for deletions). See the Manual of Patent Examining Procedure (MPEP) section
601.05(a} for information about filing an ADS in an application filed on/after September 16, 2012. For information about filing a
Supplemental ADS in an application filed before September 16, 2012, see MPEP 601.05(b).

D The processing fee set forth in 37 CFR 1.17(i). S

D An inventor is being added. An inventor’s oath or declaration by any actual inventor who has not yet executed an oath or declaration
is required (see 37 CFR 1.48({b}). See MPEP 602.01(a) for information about an inventor’s oath or declaration for an application filed
on/after September 16, 2012 (e.g., form PTO/AIA/01). For information about an inventor’s oath or declaration for an application
filed before September 16, 2012 {e.g., form PTO/SB/01), see MPEP 602.01(h).

D This request is being filed after the first Office action on the merits has been given or mailed {see 37 CFR 1.48(c} and 1.17{d}). Check
one of the foliowing:

I:] This request to correct or change the inventorship is due solely to the cancellation of claims in the application.

OR

D The fee set forth in 37 CFR 1.17(d) is due (in addition to the fee set forth in 37 CFR 1.17(i}). S

{Page 1 of 2]

This collection of information is required by 37 CFR 1.48. The information is required to obtain or retain a benefit by the public which is te file {and by the USPTO to
process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1 hour 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.0O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1350.

If you need assistance in completing the form, coll 1-800-PT0-3199 and select option 2.
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PTO/AIA/4Q (04-18)

Approved for use through 11/30/2020. OMB 0651-0031

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

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

REQUEST FOR CORRECTION IN A PATENT APPLICATION RELATING TO INVENTORSHIP OR AN
INVENTOR NAME, OR ORDER OF NAMES, OTHER THAN IN A REISSUE APPLICATION
(37 CFR 1.48)

D 2. This request is 1o correct or update the name of the inventor or a joint inventor, or the order of names of joint inventors, in a
nonprovisional application {under 37 CFR 1.48(f)) and includes:

D An application data sheet in accordance with 37 CFR 1.76{c) identifying the complete inventive entity, including the corrected or
updated name of the inventor, or the new order of names shown with markings {e.g., underlining for insertions, strikethrough for
deletions). See the MPEP 601.05{a) for information about filing an ADS in an application filed on/after September 16, 2012. For
information about filing a Supplemental ADS in an application filed before September 16, 2012, see MPEP 601.05(b).

D The processing fee set forth in 37 CFR 1.17(i). S

For a provisionai application:
This request is to change or correct the inventorship, or correct or update the name of the inventor or a joint inventor, in a provisional
application {under 37 CFR 1.48(d}} and includes:

|§| Attached hereto is a document that is signed by a party set forth in 37 CFR 1.33(b) and identifies each inventor by his or her legal
name, in the preferred order, Note: the document may be an application data sheet in accordance with 37 CFR 1.76(c) that
identifies the changes with markings {underlining for insertions, strikethrough for deletions).

E] The processing fee set forth in 37 CFR 1.17(q). $ 50

Fee Payment Information:
D Applicant asserts small entity status. See 37 CFR 1.27.

Applicant certifies micro entity status. See 37 CFR 1.29.
Form PTO/SB/15A or B or equivalent must either be enclosed or have been submitted previously

[:l A check in the amount of the fee is enclosed.
l:l Payment by credit card. Form PTQO-2038 is attached.

D The Director is hereby authorized to charge any fees which may be required, or credit any overpayment

to Deposit Account No.

[:l Payment made via EFS-Web.

WARNING: iInformation on this form may become public. Credit card information should not be included
on this form. Provide credit card information and authorization on PT0-2038.

f am the

D Applicant™® IE attorney or agent of record I:I attorney or agent acting under 37 CFR 1.34
Registration number 63,165 Registration number
signawre /R@jENdra B. Panwar/

Typed or printed name Rajendra B. Panwar
Date April 23, 2020

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and certifications. *Juristic entities
must be represented by a patent practitioner (See 37 CFR 1.31, applicable to any paper filed on or after September 16, 2012 that is presented
on behalf of a juristic entity, regardless of application filing date). Submit mutltiple forms if more than one signature is required, see helow**,

D ** Total of forms are submitted.

[Page 2 of 2]
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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 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 fo 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 seitlement 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, 10 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 1874, as amended, pursuant to 5 U.S.C. 552a(m).

5. Arecord related to an international Application filed under the Patent Cooperation Treaty in this system
of records may be disclosed, as a routine use, {o the International Bureau of the World Intellectual
Property Crganization, pursuant {o 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 histher designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility fo 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. 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.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. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential viclation of law or
regulation.

TESLA EXHIBIT 1006, Page 73



PTOAIAML (02418}

Approved for use through 143072020, OMB (651-8032

Supplemental ADS U.S. Patent and Trademark Office; 0.5, DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to & collection of information unless it containg a vafid OMB control number.

Attorney Docket Number | 35447-42707/US
Application Number 62/802,151

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

Application Data Sheet 37 CFR 1.76

Title of Invention

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 complsted 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 10
37 CFR 8.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically )

Inventor Information:

Inventor 1
Legal Name
Prefix} Given Name Middle Name Family Name Suffix
Reirler Jacob Reinier Maat
Residence Information (Select One) (®) US Residency () NonUS Residency () Active US Military Service
City | Boston State/Province | MA Country of Residencd | US

Mailing Address of Inventor:

Address 1 Perceptive Automata, inc.

Address 2 10 Ware Street

City Cambridge I State/Province MA
Postal Code [ 02138 ] Country us

All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

Correspondence Information:

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

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

Customer Number 00758

Email Address ptoc@fenwick.com

e

Application Information:

Title of the Invention ZE‘?&%AEB\E:LFE(SJQCA B?‘(gsgt/zg%}g\\l/%i}fci%g PREDICTING HIDDEN CONTEXT OF TRAFFIC
Attorney Docket Number| 35447-42707/US Small Entity Status Claimed X
Application Type Provisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) Suggested Figure for Publication ({if any)
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Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it containg a vaficd OMB cormtrol number.

Attorney Docket Number | 35447-42707/US
Application Number 62/802,151

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

Application Data Sheet 37 CFR 1.76

Title of Invention

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.5.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 prority 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 hy this
referance to the previously fited application, subject to conditions and requirements of 37 CFR 1.57(a).

Application number of the previously 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. i hereby request that the attached application not be published under

35 U.S8.C. 122(b} and certify that the invention disclosed in the atiached application has not and witl not be the
subject of an application filed in another country, or under a muttilateral 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 (O US Patent Practitioner | () Limited Recognition {37 CFR 11.9)
Customer Number 00758

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 constifutes
the specific reference required by 35 U.S.C. 119(8) or 120, and 37 CFR 1.78,

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

Prior Application Status

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

Additicnat Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add bution.
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Attorney Docket Number | 35447-42707/US
Application Number 62/802,151

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

Application Data Sheet 37 CFR 1.76

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application dala sheet
constitutes the claim for priority as required by 35 U.5.C. 118(b) and 37 CFR 1.55. When priority is claimed {0 a foreign application
that is eligible for retrieval under the priority document exchange program (F’DX)l the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.585(i%1) and (2). Under the PDX program, applicant bears the ullimate
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).

Application Number Countryi Filing Date (YYYY-MM-DD) Access Codé {if applicabie)

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

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

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and {2} also

contains, or contained at any time, a claim {o a claimed invention that has an effective filing date on or after March
[] 18, 2013.

NOTE: By providing this staterment 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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Attorney Docket Number | 35447-42707/US
Application Number 62/802,151

Application Data Sheet 37 CFR 1.76

PROBABILISTIC NEURAL NETWORK FOR PREDICTING HIDDEN CONTEXT OF TRAFFIC ENTITIES FOR

Title of Invention |, ;ToNOMOUS 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 (EPQO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not {0 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.

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/B9 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 (EPQO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPQ), the State Intellectual Property Office of the People’s Republic of
China (S1PO), the World intellectual Property Organization (WIPQ), and any other foreign inteliectuat property office
participating with the USPTO in a bilateral or multitateral 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.

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 {o submit a
copy of search resufts from the instant application without delay in a European patent application that claims priovity 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 1P office access to the instant
[] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign {P 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 1o the
application in accordance with 37 CFR 1.14.
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Attorney Docket Number | 35447-42707/US
Application Number 62/802,151

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

Application Data Sheet 37 CFR 1.76

Title of Invention

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 shouid 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 (O Legal Representative under 35 U.S.C. 117 (O Joint inventor
O Person to whom the inventor is obligated to assign. Q Person who shows sufficient proprietary interest

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

Name of the Deceased or Legally Incapacitated inventor:

If the Applicant is an Organization check here. <

Orgamzat:on Name Perceptive Automata, inc.

Mailing Address Information For Applicant:

Address 1 10 Ware Street

Address 2

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

Email Address

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

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirament of part 3 of Titte
37 of CFR fo have an assignment recorded by the Office.
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Attorney Docket Number | 35447-42707/US
Application Number 62/802,151

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

Application Data Sheet 37 CFR 1.76

Title of Invention

Assignee 1

Complete this section if assignee 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 assignee-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. 1

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Country! Postal Code
Phone Number Fax Number

Email Address

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

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 more joint inventor-applicants who have been given

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

Signature | /Rajendra Panwar/ Date (YYYY-MM-DD)} 2020-04-23

First Name | RajendraB. Last Name | Panwar Registration Number | 83,168

Additional Signature may be generated within this form by selecting the Add button.
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Attorney Docket Number | 35447-42707/US
Application Number 62/802,151

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

Application Data Sheet 37 CFR 1.76

Title of Invention

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 1o 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 fo
completa this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.8. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TQ 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 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 infarmation
is 35 U.S.C. 2{b)(2); (2) furnishing of the information solicitad is voluntary; and (3) the principal purpose for which the information is used by the U5, Patent and
Trademark Office is to process and/or examine your submission refated to a patent application or patent. If you do not furnish the requested information, the 11,5,
Patent and Tradernark Office may not be able to process and/or examine your submission, which may result i 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 alfowed under the Freedom of Information Act (5 1.5.C. 552} and the Privacy
Act {5 U.5.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whethes 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 administeative
tribunal, including disclosures to opposing counsel in the course of settiement negotiations.

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 Mamber with respect to 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 irformation in order to periorm
a contract, Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuani to 5 US.C
552a(m).

A record related to an international Application filed under the Patent Cooperation Traaty in this system of records may be disclosed, as a routine use,
to the International Bureau of the World intelfectual Property Organization, pursuant to the Patent CooperationTreaty.

A record in this system of records miay be disclosed, as a routine use, to another federal agency for purposes of National Security review 35 U5.C 181}
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(Q).

A record from this system of records ray be disclosed, as a routine use, to the Administrator, General Services, or histher designes, during an
inspection of records conducted by GSA as part of that agency’s responsibifity to recommend improvements in records management practices and
programs, under authority of 44 11,5,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 (ie, GSA or Commaerce} directive, Such disclosure shaff 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 US.C
122(b) or issuance of a patent pursuant to 35 U.5.C. 151, Further, a record may be disclosed, subject to the limitations of 37 CFR 1,14, as 2 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 inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or locat law enforcement agency, if the USPTO becomes
aware of a violation or potential violation of faw or regulation.
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Electronic Patent Application Fee Transmittal

Application Number: 62802151

Filing Date: 06-Feb-2019

PROBABILISTIC NEURAL NETWORK FOR PREDICTING HIDDEN CONTEXT OF

Title of Invention: TRAFFIC ENTITIES FOR AUTONOMOUS VEHICLES

First Named Inventor/Applicant Name: Reinier Maat
Filer: Rajendra Bhagwatisingh Panwar/Natasha Pasciucco
Attorney Docket Number: 35447-42707/US

Filed as Small Entity

Filing Fees for Provisional

Sub-Total in

Description Fee Code Quantity Amount USD($)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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Description Fee Code Quantity Amount Sull)j-s'l';(tsa\)l in
Miscellaneous:
PROCESSING FEE FOR PROVIS. APPLICATIONS 2807 1 50 50
Total in USD ($) 50
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Electronic Acknowledgement Receipt

EFS ID: 39243463
Application Number: 62802151
International Application Number:
Confirmation Number: 6960

Title of Invention:

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

First Named Inventor/Applicant Name:

Reinier Maat

Customer Number:

758

Filer:

Rajendra Bhagwatisingh Panwar

Filer Authorized By:

Attorney Docket Number:

35447-42707/US

Receipt Date: 23-APR-2020
Filing Date: 06-FEB-2019
Time Stamp: 13:13:49
Application Type: Provisional

Payment information:
Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $50
RAM confirmation Number E20204MD14191797
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.)
2652732
1 Request ur.1der Rule :8 correcting 42707 _REQ.pdf no 3
inventorshi p 304daceadc14fbb9a34de877ed 7f67284a4
3b752
Warnings:
Information:
7480837
2 Application Data Sheet 42707_ADS.pdf no 8
f38e22b38111480b3c51918b899f19c87b15
eb117
Warnings:
Information:
This is not an USPTO supplied ADS fillable form
30841
3 Fee Worksheet (SB06) fee-info.pdf no 2
ef1eBd3e52b77b511439a32035b995c9bc
1dc3d
Warnings:
Information:
Total Files Size (in bytes): 10164410

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 FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
62/802,151 02/06/2019 140 35447-42707/US
CONFIRMATION NO. 6960
758 UPDATED FILING RECEIPT
FENWICK & WEST LLP
SILICON VALLEY GENTER RO OO L R AR AR

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

Date Mailed: 04/27/2020

Receipt is acknowledged of this provisional patent application. It will not be examined for patentability and will
become abandoned not later than twelve months after its filing date. 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 identifying the requested changes, preferably by 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;
Applicant(s)

Perceptive Automata, Inc., Cambridge, MA;

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

Projected Publication Date: None, application is not eligible for pre-grant publication
Non-Publication Request: No

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

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

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).

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
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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 |
62/802,151 02/06/2019 Jacob Reinier Maat 35447-42707/US

CONFIRMATION NO. 6960

758 37 CFR 1.48(d)

FENWICK & WEST LLP ACKNOWLEDGEMENT LETTER

SILICON VALLEY CENTER

801 CALIFORNIA STREET IR I AR QLA

000000116515652

MOUNTAIN VIEW, CA 94041

UNITED STATES OF AMERICA
Date Mailed: 04/27/2020

NOTICE OF ACCEPTANCE OF REQUEST UNDER 37 CFR 1.48(d)

This is in response to the applicant's request under 37 CFR 1.48(d) submitted on 04/23/2020.
">The request under 37 CFR 1.48(d) to correct the inventorship, to correct or update the name of an inventor, or
to correct the order of names of joint inventors is accepted.

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.

Naguirre/
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