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MANDATORY NOTICES
A. Real Parties-in-Interest [37 C.F.R. § 42.8(b)(1)]

The real parties-in-interest are Petitioners Avidbots Corp. and Avidbots USA
Corp. (collectively, “Petitioners” or “Avidbots”). No entity not named above is
funding, controlling, or directing this Petition, or otherwise has had an opportunity
to control or direct this Petition or Petitioners’ participation in any resulting IPR.

B. Related Matters [37 C.F.R. § 42.8(b)(2)]

The *780 patent is the subject of a civil action, Brain Corp. v. Avidbots Corp.
& Avidbots USA Corp., Case No. 24-cv-12569 (N.D. IlL.), filed December 6, 2024.
Petitioner is not aware of any other disclaimers, reexamination certificates, or [IPR
petitions addressing the *780 patent.

C. Lead and Back-Up Counsel [37 C.F.R. § 42.8(b)(3)]
Pursuant to 37 C.F.R. §§ 42.8(b)(3), 42.8(b)(4), and 42.10(a), Petitioners

provide the following designation of counsel:

viii
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Brian M. Buroker (Reg. No. 39,125) Nathan Curtis (Reg. No. 70,471)
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1050 Connecticut Ave. NW Ross Avenue Suite 2100 Dallas, TX
Washington, DC 20036 75201 Phone: (214) 698-3423 Fax:
Phone: (202) 955-8500 (214) 571-2961 Email:

Fax: (202) 467-0539 ncurtis@gibsondunn.com

Email: bburoker@gibsondunn.com
L. Kieran Kieckhefer

(pro hac vice forthcoming)

One Embarcadero Center

Suite 2600

San Francisco, CA 94111

Phone: (415) 393-8200

Email: kkieckhefer@gibsondunn.com

Ahmed E. ElDessouki (pro hac vice
forthcoming)

Gibson, Dunn & Crutcher LLP

200 Park Avenue

New York, NY 10166

Phone: (212) 351-4000

Email: aeldessouki@gibsondunn.com

A Power of Attorney accompanies this Petition in accordance with 37 C.F.R.
§ 42.10(b).

D.  Service Information [37 C.F.R. § 42.8(b)(4)]

Service via hand delivery or postal mail may be made at the addresses of the
lead and back-up counsel above. Petitioners hereby consent to electronic service,
and service by electronic mail may be made at the following email address:

e GDC-AvidbotsIPR@gibsondunn.com
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L. INTRODUCTION

Pursuant to 35 U.S.C. § 311, Petitioners hereby petition for inter partes review
of U.S. Patent No. 10,001,780 (Ex. 1001) and seek cancellation of claims 1-20
(“Challenged Claims”) as unpatentable under 35 U.S.C. § 103 because these claims
were issued in error.

The *780 patent is directed to a robot and methods for autonomous navigation
using sensor data to generate a map and determine a route for the robot. The robot
uses simulated “forces™ that attract and repel the robot along the path to avoid
obstacles.

Although the *780 patent was not filed until November 2016, the technique of
simulating forces for obstacle avoidance was known as early as 1986 (Ex1006) and
its allowance reflects a clear error during examination. In the notice of allowance,
the Examiner highlighted unclaimed features and described the “application” as
“non-obvious improvement” over a reference that does not disclose simulated forces
for obstacle avoidance. Ex1003, 942; Ex1002, 202 (citing Ex1013). Moreover,
despite identifying over 200 references during prosecution, very few references (two
by Petitioners’ count) even mention the technique of simulating forces. Worse, the
Examiner commented on neither of those references. This glaring omission resulted
in a summary and erroneous allowance without any rejections.

As illustrated below, the *780 patent’s claims are directed to well-known

techniques. Prior art Beardsley and Yamamoto disclose the use of sensors to detect
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obstacles by simulating forces. Well known map building methods are disclosed in
Castellanos. Finally, Khatib—published in 1986—explains the technique of
simulating forces on multiple points to navigate the robot.

Petitioners respectfully submit that it is appropriate for the Board to institute
IPR to invalidate this patent that never should have issued.

II. REQUIREMENTS OF INTER PARTES REVIEW
A.  Standing

Pursuant to 37 C.F.R. § 42.104(a), Petitioners certify that the 780 patent is
available for IPR (more than nine months have passed since issuance (35 U.S.C.
§ 311(c)(1)) and that Petitioners are not barred or estopped from requesting an IPR
on the grounds identified herein.

B. Identification of Challenge and Relief Requested

Pursuant to 37 C.F.R. § 42.104(b), Petitioners request that the Board institute
IPR of claims 1-20 of the *780 patent under post-AIA 35 U.S.C. § 103.

The °780 patent was filed on Nov. 2, 2016. Petitioners do not challenge
whether the Challenged Claims are entitled to a priority date of Nov. 2, 2016.

If review is instituted, Petitioner will not pursue in the Litigation the same
grounds or any grounds that could have reasonably been raised in this Petition.

The precise relief requested by Petitioners is that claims 1-20 be canceled

based on the grounds below:
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Ground Claims Basis for Rejection’
1 1-20 | Beardsley in view of Castellanos
2 1-20 | Beardsley in view of Castellanos and Khatib
3 1-20 | Yamamoto in view of Khatib
4 8 Yamamoto in view of Khatib and Beardsley

The above challenges are made in view of the following prior art references,

none of which was of record during prosecution of the *780 patent:

1.

Beardsley (Ex1004)

Beardsley was published on October 8, 2015, and claims priority to a non-

provisional application filed on August 12, 2014. Beardsley qualifies as prior art to

the 780 patent under post-AIA U.S.C. § 102(a).

2.

Khatib (Ex1006)

Khatib was published in print in the International Journal of Robotics

Research in 1986 and in the Sage Journals database in October 2006. Ex1008, 932-

33. Khatib would have been located by POSITA exercising reasonable diligence as

of October 2006, by searching on the Sage Journals database for terms including

“obstacle avoidance,” “mobile robots,” or “Khatib,” which are terms synonymous

and/or closely related with the concepts underlying the *780 patent. /d. 50; Ex1003,

I All obviousness grounds include the knowledge of a POSITA.
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923. Khatib qualifies as prior art to the *780 patent under at least post-AIA 35 U.S.C.
§ 102(a).
3. Castellanos (Ex1007)

Castellanos was published in print in the IEEE journal, Transactions on
Robots and Automation, in October 1999, and published on the well-known online
database IEEE Xplore. Id., 924, 27. Castellanos would have been located by a
POSITA exercising reasonable diligence at least as of May 2000, by searching on

99 ¢¢

IEEE Xplore for terms such as “localization,” “map building,” and “robotics and
automation,” which are synonymous and/or closely related terms to the *780 patent.
1d. 437; Ex1003, 926. Castellanos qualifies as prior art to the 780 patent under at
least post-AIA 35 U.S.C. § 102(a).

4. Yamamoto (Ex1010)

Yamamoto was published in print and online in the journal, /ndustrial Robot,
an International Journal, on August 22, 2008. Ex1008, 944. Yamamoto would have
been located by a POSITA exercising reasonable diligence as of that date, including
by searching on the database, Emerald Insights for terms such as “mobile robot”,
“mobile robot in indoor environment”, or “path planning,” which are synonymous
and/or closely related terms to the 780 patent. Id., §48; Ex1003, 939. Yamamoto

qualifies as prior art to the *780 patent under at least post-AIA 35 U.S.C. § 102(a).
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C. How the Challenged Claims Are To Be Construed Under 37 C.F.R.
§ 42.104(b)(3)

A claim subject to IPR shall be construed using the same standard as in a civil
action. 37 C.F.R. § 42.100(b). The Board need only construe terms “to the extent
necessary to resolve the controversy.” Nidec Motor Corp. v. Zhongshan Broad
Ocean Motor Co., 868 F.3d 1013, 1017 (Fed. Cir. 2017). No construction of any
claim term is necessary for the Board to resolve, and that the Challenged Claims
would have been obvious under any reasonable construction.

D. How the Challenged Claims Are Unpatentable Under 37 C.F.R.
§ 42.104(b)(4)

An explanation of how the Challenged Claims are unpatentable under the
statutory grounds identified above, including the identification of where each
element of the claim is found in the prior art patents or printed publications, is
provided below.

E. Supporting Evidence Under 37 C.F.R. § 42.104(b)(5)

The exhibit numbers of the supporting evidence relied upon and the relevance
of the evidence to the Challenged Claims, including an identification of specific
portions of the evidence that support the challenge, are provided below. A list of
exhibits with the exhibit number and a brief description of each exhibit is also
included in this Petition pursuant to 37 C.F.R. § 42.63(e). The technical information
and grounds for rejection explained in this Petition are further supported by the

Declaration of Nikolaos Papanikolopoulos, Ph.D. (Ex. 1003).



Petition for Inter Partes Review
of U.S. Patent No. 10,001,780

F.  Payment of Fees
Pursuant to 37 C.F.R. §§ 42.103 and 42.15(a), the required fee is being

submitted herewith. The Office is authorized to charge any fee deficiency, or credit
overpayment, to deposit account no. 50-1408, including additional fees due in

connection with this Petition.

III. TECHNICAL BACKGROUND
A.  Alleged Invention of the >780 Patent

The *780 patent admits that it was known for “a robot [to] plan its own route
in an environment based on its knowledge of the environment (e.g., a map).”
Ex1001, 1:29-31. The patent contends that “features of the environment can change”
and “current robots may not be able to make real time adjustments to its planned
path in response to these changes.” Id. at 1:36. The patent concludes that prior art
robots may “collide into objects, and/or make sub-optimal adjustments to its route.”
Id. at 1:37-39.

To address this alleged problem, the patent describes a robot that implements
a method 600 (Figure 6 below) that determines “forces on each of the plurality of
points of each route pose” and then repositions “one or more route poses in response

to forces” and generates ““a collision-free path.”
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600 "™

602
Create a map of the environment based at least in part on ;
collected data A

l

604
Determine a route in the map in which the robot will travel )/
606
Generate one or more route poses on the route, wherein each j
route pose comprises a footprint indicative of poses of the robot |

along the route and each route pose has a plurality of points
disposed therein

l

Determine forces on each of the plurality of points of each route
pose, the forces comprising repulsive forces from one or more of
the detected points on the one or more objects and attractive
forces from one or more of the plurality of points on others of the
oOne or more route poses

Reposition one or more route poses in response to the forces on 4
each point of the one or more route poses

Perform interpolation between one or more route poses 1o /)
generate a collision-free path between the one or more route
poses for the robot to travel

FIG. 6
Id., Fig. 6.

B. State of Art Before the 780 Patent

The techniques claimed as new in the *780 patent were well-known in the art
prior to its filing, including map creation and the use of forces to reposition the robot
along the route based to dynamically avoid obstacles. Ex1003, 9923-26. In 2007,
Habib surveyed well-known art relating to map building and localization. Ex1009,
323-324; Ex1003, 94923, 25. Techniques such as calculating simulated forces for real
time object avoidance by robotic arms and mobile robots were well known since at

least the publication of Khatib’s seminal paper in 1986. Ex1006; Ex1012, 80, 101-
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104, 582 (applying Khatib to mobile robots); Ex1003, 923. The 780 patent is an
obvious combination of routine and well-known navigation techniques for
autonomous robots. Infra (Section IV); Ex1003, 9923-29.

C. Prosecution History of the *780 Patent

The °780 patent was not subject to any examiner rejections. In the notice of
allowance, the examiner noted the *780 patent discloses a “pre-planned route, path,
and speed” and that the robot “evaluates the relative cost of various potential paths
and thus arrives at a path.” Ex1002, 202. That summary is not representative of any
claim limitation, which strongly suggests that the examiner improperly gave weight
to unclaimed features when assessing the patentability. Ex1001, 21:55-24:28. The
applicant and examiner identified only two references that briefly mention the
technique of simulating forces, and Examiner commented on none of it. Ex1002;
Ex1003, 942.

D.  Person of Ordinary SKkill in the Art

The °780 patent relates to the field of dynamic route planning. Ex1001, 1:19-
21. A POSITA at the time of the earliest effective filing date of the 780 Patent
would have had a Bachelor’s degree or higher in electrical, computer, or mechanical
engineering, or computer science (or equivalent discipline) and at least two years’

experience in research, design and/or development of autonomous robotics and/or
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robotic mapping/navigation and/or a related field. Additional education could
substitute for experience, and vice versa. Ex1003, 453.

IV. GROUNDS OF UNPATENTABILITY

A. Grounds 1: Beardsley in view of Castellanos Render Obvious
Claims 1-20

Beardsley’s method for control of an autonomous vehicle combined with
Castellanos’s map generation method disclose all elements of the Challenged Claims
(Ground 1) and render the Challenged Claims obvious.

1. Overview of Ground

a. Summary of Beardsley

Beardsley discloses an autonomous robotic vehicle, such as a cleaning robot,
that determines a collision-free route that avoids obstacles. Ex1004, [0008], [0045],
[0221]. Beardsley discloses a “potential field approach that pushes the vehicle away
from both static and dynamic obstacles™ through use of a “repulsive force.” Id.
[0061]. Beardsley also discloses a ‘“guidance trajectory” that provides “higher
control over the motion,” which is created using a roadmap or grid map (400) with
connected waypoints (430). Id. [0057], [0060], [0061]. Each waypoint has an
associated arrival time and an active area (434), which is an area “where the vehicle

is allowed to freely move.” Id. [0008], [0057], [0061]; Fig. 4.
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400

I START GUIDANCE TRAJECTORIES |,\,305
GENERATION

PROVIDE STATIC MAP OF DRIVE 310
SPACE WITH OBSTACLES

DEFINE SET OF WAY POINTS INCLUDING 320
ARRIVAL TIMES AND ACTIVE AREAS [
ASSOCIATED WITH WAY POINT

[ CONNECT WAY POINTS J~—30

| DEFINE THE GUIDANCE TRAJECTORY  f~—3%0

1d., Figs. 3, 4.

b. Summary of Castellanos

Castellanos discloses “path planning and navigation of a mobile robot.”
Ex1007, 948. The method provides “automatic construction of [a] map of the
environment in which the robot navigates” using laser data collected from sensors,
referred to as an SPmap. Id. Fig. 1 shown below depicts Castellanos’ approach to

SLAM.

10
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Fig. 1. Simultaneous localization and map building.

Ex1007, Fig. 1.
Castellanos maps obstacles (“geometric element” / “feature”) with respect to
the base location of the mobile robot (“base reference ) by calculating a location

vector accounting for estimation error resulting in the diagram in Fig. 2. Id., 948-

949.

11
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Castellanos discloses “incremental construction of the SPmap” by using
“estimation techniques based on” an “extended Kalman filter.” I1d., 949. Castellanos
estimates “displacement of the mobile robot between two intermediate points along
its trajectory” and predicts the location of a mobile robot at a particular time. Id.
Castellanos also discloses matching local map observations with global map features
and estimating extended Kalman filters by decomposing into the estimation of the
mobile robot location and subsequent estimation of map features from common

observations. Id., Fig. 5.

12
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®)

Fig. 5. Estimated robot trajectory and built map (a) neglecting correlations
between entities, where the estimated solution diverges from ground-truth, and
(b) using the SPmap approach. An a priori model map is drawn for reference

purposes.

13
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c. Motivation to Combine Beardsley and Castellanos

Well before the 780 patent, a POSITA would have been familiar with the
various implementations of the potential field method of obstacle avoidance, such
as Beardsley, and mapping methods, such Castellanos. Supra § 111.B; Ex1003, 954.

A POSITA would have recognized that the problems of mapping, obstacle
avoidance, and navigation/motion planning are a well-known set of issues that
comprise a unified challenge to creating a “‘complete navigation system” in the field
of autonomous robotics. Ex1003, 455; Ex1005, 44. A complete navigation system
necessarily requires combinations of methods, and a POSITA would have been
motivated to combine existing methods across to improve existing total or partial
solutions for a complete navigation system. Ex1003, 955.

First, Beardsley’s robot uses a “grid map” and implements the well-known
“potential field” approach of obstacle avoidance for navigation on the grid map.
Ex1004, [0008], [0012], [0016], [0061], Fig. 3 (step 310); Ex1003, 956. However,
Beardsley does not disclose how the grid map is generated. /d. Castellanos teaches
a SLAM method for generating a map, utilizing a probabilistic model to represent
the location of uncertain geometric information, and which uses route poses in a

shape and size substantially the same as the robot. Ex1007, 948; Ex1003, 956.

14
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A POSITA would have been motivated to combine Beardsley’s potential
field-based obstacle avoidance technique with the mapping technique disclosed in
Castellanos to develop a complete navigation system. Ex1003, q56.

A POSITA seeking improved solutions to a complete navigation system in the
field of autonomous robots would have combined the teachings of obstacle
avoidance, map building, and localization using route poses disclosed in Beardsley
and Castellanos to develop a complete solution. Ex1003, 456; Ex1009, 323.

Castellanos teaches generating a trajectory on the map with route poses on the
route. Ex1003, 956. A POSITA seeking improved solutions to a complete
navigation system in the field of autonomous robots would have been motivated to
implement the Castellanos’ trajectories with route poses onto Beardsley’s robot to
allow the robot to navigate static obstacles using Beardsley’s attractive and repulsive
forces. Ex1003, q56.

Second, Castellanos’s localization teachings are particularly well-suited to be
combined with Beardsley’s obstacle avoidance and navigation teachings. Ex1003,
958. Each method uses sensor data. /d. Beardsley discloses a “vehicle 110” which
relies on “sensor data 119” “to determine present locations of [other] vehicles 110
in the drive space,” which allows vehicle 110 to avoid collisions. Ex1004, [0048],
[0104]. However, Beardsley does not disclose which specific sensors would be

suitable. Ex1003, 958. Castellanos discloses a robot “equipped with a rotating two-

15
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dimensional (2-D) laser rangefinder.” Thus, a POSITA would have been motivated
to combine teachings of Beardsley and Castellanos to develop a complete method
for autonomous robotic navigation that could efficiently use the same sensors and
sensor data for localization (Castellanos) and obstacle avoidance and navigation
(Beardsley). Id.

A POSITA would have reasonably expected success in combining the
teachings of Beardsley and Castellanos, both of which use sensors/sensor data.
Ex1003, 959. Beardsley’s method of obstacle avoidance combined with
Castellanos’s SLAM method provide solutions to complementary sub-problems in
the complete navigation system. Id., Ex1009, 323; Ex1005, 44.

2. Detailed Analysis of Ground 1

As supported by the Papanikolopoulos Declaration, the combination of
Beardsley and Castellanos teaches all elements of claims 1-20 of the *780 Patent
and also renders all of those claims obvious. Ex1003, 460.

a. 1[pre]: “A robot comprising:”

To the extent the preamble is limiting, the Beardsley/Castellanos combination
teaches “a robot.” Ex1003, q961-66.

Beardsley discloses a system 100, which is a robot, and which includes vehicle
110 and a control system 120 for controlling the vehicle 110. Ex1004, [0045], Fig.

1; Fig. 2; Ex1003, q61.
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Castellanos also discloses a robot. Ex1007, 952 (“LabMate™ mobile robot™);
Ex1003, 62.
b. 1[a]: “one or more sensors configured to collect data about

an environment including detected points on one or more
objects in the environment; and”

The Beardsley/Castellanos combination discloses this limitation. Ex1003,
1963-66.

Beardsley discloses that local controller 116 of vehicle 110 transmits “sensor
or tracking system data [119] . . . for determining the present location of
other/neighboring vehicles.” Ex1004, [0045], Figure 1. Vehicle 110 relies on

“sensor data 119” “to determine present locations of [other] vehicles 110 in the drive
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space,” which allows vehicle 110 to avoid collisions. Id. [0048]. Beardsley also
discloses accounting for “sensor noise” in determining distance to objects for
purposes of obstacle avoidance, further underscoring the use of sensors to detect
points on objects. Ex1004, [0104]. Beardsley also discloses storing “sensor data []
from the vehicle” in memory. Id. [0047].

A POSITA would have understood that Beardley’s sensor data is obtained
from sensors on vehicle 110, which correspond to the claimed “one or more sensors.”
Ex1003, 964. A POSITA would have understood that Beardley’s sensors collect
data at “detected points on one or more objects in the environment,” as was
commonly known. Id.

To the extent a POSITA would not have understood Beardsley to have
disclosed sensors on the robot, it would have been obvious to modify Beardsley to
use Castellanos’ sensors to generate a map of the environment. Ex1003, 965.
Castellanos discloses a robot “equipped with a rotating two-dimensional (2-D) laser
rangefinder,” which corresponds to the claimed “sensor.” Ex1007, 948, 952. The
robot “was programmed to follow a trajectory . . . stopping at regular intervals to
take measurements.” Id., 950. Castellanos further discloses that its “SPmap
consistently formulates the representation and integration of sensorial information

gathered by different sensors.” 1d., 948, Fig. 1.
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Castellanos further discloses that its “approach can include different types of
features obtained by different types of sensors, and thus it is suitable to deal with a
multisensory system.” Id., 949. This multisensory system, which can obtain
information on “different types of features,” constitutes detecting “points” on one or
more objects in the environment. Ex1003, 466.

c. 1[b]: “a controller configured to:”

The Beardsley/Castellanos combination discloses this limitation. Ex1003,
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q67.

Beardsley discloses that system 100 includes (i) “a processor 112 running a
local controller 116 that controls operations of a drive mechanism(s)/actuator 118 to
cause the vehicle 110 to move in a particular direction and velocity within the space
105,” and (i1) a “central control system 120 that may take the form of a computer or
computer-based system specially configured to control the vehicles 110 via motion
control signals 138.” Ex1004, [0044], [0046]. The central control system 120 and
local controller correspond to the claimed “controller.”

d. 1[b][1]: “create a map of the environment based at least in
part on the collected data;”

The Beardsley/Castellanos combination discloses this limitation. Ex1003,
1968-72.

Beardsley discloses a “roadmap or grid map” 400 of drive space 410, which
“includes several rooms and corridors with these available spaces/areas for driving
shown at 426 (with lighter or no shading) and occupied spaces or physical/virtual
objects shown at 420 (with darker shading).” Ex1004, [0017], [0060], Fig. 4. Grid

map 400 corresponds to the “map of the environment.” Ex1003, 68.
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410

ld.

Grid map 400 is generated by system 100 using the method 300 of Figure 3.
1d. [0057]-[0060], [0160], Figure 3; Ex1003, 969. At step 310 of method 300, “the
method 300 continues at 310 by providing a static map of the selected drive space
that includes locations, shapes, and sizes of obstacles.” Id. [0057].

Bearsley further explains that grid map 400 is “e.g., an image[] of space that
defines locations of obstacles in the space (physical objects such as walls and also,
in some cases, virtual objects that may be projected into the space or be displayed
on a monitor/display device in the vehicle).” Id. [0012], [0047]-[0048] (explaining

that “grid map 152 . . . maps physical obstacles 154" based on “sensor data 119 from
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the vehicle 110.”). A POSITA would have understood that the image that forms the
grid map 400 is generated using data collected by an image sensor. Ex1003, 70.
To the extent a POSITA would not have understood Beardsley to have
disclosed map creation by the robot, it would have been obvious to modify Beardsley
to use Castellanos’ map building process, to allow the robot of Beardsley to create a
“static map of the selected drive space that includes locations, shapes, and sizes of
obstacles,” as required by step 310 of method 300. Ex1004, [0057], Ex1003, q71.
Castellanos discloses a method for “automatic construction of [a] map of the
environment in which the robot navigates.” Ex1007, 948. Figure 1 of Castellanos
illustrates a flow chart for using 2D laser data collected by the laser sensor to create

a local map and a global map (i.e., map of the environment). Ex1003, §71.
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Castellanos also discloses a method of creating a map of an environment based
on collected sensor data, which it refers to as a “symmetries and perturbations map”
or “SPmap.” Id., 948; Ex1003, §72. Castellanos discloses that its “SPmap [method]
consistently formulates the representation and integration of sensorial information

29

gathered by different sensors.” Ex1007, 948. A map generated using the SPmap

method disclosed in Castellanos is depicted in Figure 5(b). Ex1003, 72.
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Id. Fig. 5 (b).

e. 1[b][2]: “determine a route in the map in which the robot
will travel;”

The Beardsley/Castellanos combination discloses this limitation. Ex1003,
1973-74.

Beardsley discloses a method 300 for “creating a roadmap or set of guidance
trajectories,” which correspond to the claimed “route in the map in which the robot
will travel.” Ex1004, [0057], Fig. 3; Ex1003, 473. The set of guidance trajectories
“(1) guide the motion of the vehicle; (2) limit its movements; (3) guarantee that the

vehicle has a certain performance even in the case where the driver does not specify
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a velocity; and (4) control the throughput of vehicles throughout a drive space or

ride area.” Id., [0051].

START GUIDANCE TRAJECTORIES 305
GENERATION
PROVIDE STATIC MAP OF DRIVE 310
SPACE WITH OBSTACLES T
DEFINE SET OF WAY POINTS INCLUDING | 320
ARRIVAL TIMES AND ACTIVE AREAS
ASSOCIATED WITH WAY POINT
¥
| CONNECT WAY POINTS o~ 340

¥
| DEFINE THE GUIDANCE TRAJECTORY 350

¥

FIG.3

1d., Fig. 3.

Method 300 includes steps 305, 310, 320, 340, and 350, which illustrate the
process for determining the set of guidance trajectories. Id. [0057]-[0059]; Ex1003,
q174.

f. 1[b][3]: “generate one or more route poses on the route,
wherein each route pose comprises a footprint indicative

of poses of the robot along the route and each route pose
has a plurality of points disposed therein;”

The Beardsley/Castellanos combination discloses this limitation. Ex1003,
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1975-79.

As explained above (Element 1[b][2]), Beardsley discloses a method 300 for
“creating a roadmap or set of guidance trajectories.” Ex1004, [0057], Figs. 3, 4
(illustrating exemplary waypoints 430). The roadmap is “created via waypoints
connected by straight lines.” Id. [0057]. At step 320 of method 300, “set of
waypoints is specified, and, for each waypoint, an arrival time, T,, (or, alternatively,
a speed over the segment) and an active area (where the vehicle is allowed to freely
move) of a predefined radius, p;, around the waypoint is provided.” Id. [0058]. This
is illustrated in Figure 4, which shows “nine waypoints, w;” (labeled 1 through 9),
“with arrival times, T;, and a number of different radii, p;, for their associated active

areas 434.” 1d. [0060].

26



Petition for Inter Partes Review
of U.S. Patent No. 10,001,780

400

i
]
]
I
I
I
t
i
i
:
I
Lo 410
I
t
i
|
]
]
]
t
I

Id., Fig. 4.

Each waypoint and/or “active area” corresponds to the claimed “route poses
on the route.” Ex1003, 476. The “active area” associated with each waypoint
corresponds to the claimed “footprint indicative of poses of the robot along the
route.” Id.

Each waypoint “has a plurality of points disposed therein,” as claimed.
Ex1003, 977, Fig. 2. Beardsley discloses that “[w]ith regard to wheelchair (vehicle,
in this example) kinematics, the unicycle model is used, with p the point in-between
both tractor wheels, J the orientation of the vehicle, and v/, v2 the linear and angular
speed of the platform.” The “local trajectory is applied at this point [p], and a circle

of radius r is considered as the enveloping shape of the vehicle.” Id. [0056], [0050]
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(“A disk, D(p,r), of radius ri centered at pi defines its enveloping shape. The enlarged
obstacle map is given by a static grid map Or of the positions p where a disk D(p,r)

is in collision with a static obstacle.”).

200

Id., Fig. 2.

A POSITA would have understood that each waypoint has multiple points,
including point p, and points around the circle of the radius that envelopes the shape
of the vehicle. Ex1003, 978.

To the extent a POSITA would not have understood Beardsley to have
disclosed route poses on the route, it would have been obvious to modify Beardsley
to use Castellanos’ route poses. Ex1003, 979. Castellanos discloses “estimation of
the mobile robot location and . . . the estimation of the map features [] from a
common set of observations.” Ex1007, 951. Each such robot location constitutes a

route pose indicative of the footprint of a robot pose. Ex1003, 479. Castellanos
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further depicts poses for the mobile robot along the route in Figures 2, 3, and 5, each
of which also depicts the route pose comprising a footprint of the robot along the
route. Id. As illustrated in the figures, a POSITA would have understood that each

pose comprises a plurality of points on the map disposed therein. Ex1003, 979.
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Ex1007, Figs. 2-3 (route pose for “Mobile Robot.”)
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Ex1007, Figs. 5(a)-(b).
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g. 1[b][4]: “determine forces on each of the plurality of
points of each route pose, the forces comprising repulsive
forces from one or more of the detected points on the one
or more objects and attractive forces from one or more of
the plurality of points on others of the one or more route
poses;”

The Beardsley/Castellanos combination discloses this limitation. Ex1003,
1980-81.

Beardsley discloses determining “repulsive forces from one or more of the
detected points on the one or more objects,” as claimed. Ex1003, 480. For example,
Beardsley discloses computing a “repulsive velocity u/%” for each time step, for
each vehicle i, using “a potential field approach that pushes the vehicle away from
both static and dynamic obstacles.” Ex1004, [0061]; Ex1003, 480. Beardsley’s
Equation 8 provides an example of such a function. Ex1003, 980. Beardsley further
explains that “[t]Jo appropriately maintain a minimum inter-agent distance, the
preferred velocity, i, is corrected by adding a repulsive velocity [] given by a vector
field such as those shown in one of the two examples of repulsive velocities shown
in the graph 1400 of FIG. 14 and that pushes agents apart from each other when at a
certain distance.” Ex1004, [0104], Figures 5 (repulsive force u™P) and 14. A
POSITA would have understood that Figure 14 illustrates examples of repulsive
velocities “from one or more of the detected points on the one or more objects,”
which affect “each of the plurality of points of each route pose,” as claimed. Ex1003,

q30.
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Beardsley also discloses determining “attractive forces from one or more of
the plurality of points on others of the one or more route poses,” as claimed. Ex1003,
q81. Beardsley discloses computing a “preferred velocity @i;”” for each time step, for
each vehicle i, and “guidance velocity u/”%”. Ex1003, 81. Beardsley’s Equations
6 and 7 provide examples of such a function. Id.; Ex1004, [0061]. In Equation 6,
the preferred velocity 1i;1s based on the guidance velocity and the repulsive velocity,
amongst other variables. Id.; Ex1003, q81. Moreover, Figure 5 (shown above)
illustrates the guidance velocity u”¥” for a particular snapshot in time. Id.; Ex1004,
[0063]-[0064].

h. 1[b][5]: “reposition one or more route poses in response

to the forces on each point of the one or more route poses;
and”

The Beardsley/Castellanos combination discloses this limitation. Ex1003,
I182.

Beardsley discloses using the “potential field approach that pushes the vehicle
away from both static and dynamic obstacles.” Ex1004, [0061]. Beardsley applies
this approach to “local motion planning,” id. [0096], including through “selectively
adjusting the velocity and direction . . . to generate a trajectory . . . for the vehicle
in the space,” id. [0011]. Ex1003, 982. A POSITA would have understood that the
use of potential fields to adjust velocity would result in the repositioning of the route

poses in response to the forces on each point of the route poses. Ex1003, §82.
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i. 1[b][6]: “perform interpolation between one or more route
poses to generate a collision-free path between the one or
more route poses for the robot to travel.”

The Beardsley/Castellanos combination discloses this limitation. Ex1003,
983.

Beardsley illustrates “a grid map 400 of a drive space 410 that may be
generated with the method 300 of Fig. 3.” Ex1004, [0060], Fig. 4. Step 350 of
method 300 “involves generating or defining the guidance trajectory along with the
active area around it (e.g., by interpolation or the like).” Id. [0058]. Beardsley
further explains that “waypoints 430 [marked 1 through 9] are connected by straight
lines as shown at 438, and, in between waypoints, the ideal trajectory and active area
is given by interpolation.” Id. The trajectory generated is a collision-free path
between the route poses for the robot to travel because it avoids “occupied spaces or

physical/virtual objects shown at 420.” Id.
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400

Id. Fig. 4.
je 2|a]: “The robot of claim 1, wherein: the one or more route

poses form a sequence in which the robot travels along the
route; and”

The Beardsley/Castellanos combination discloses this limitation. Supra
§§ IV.A.2.f (Element 1[b][3], incorporated by reference); Ex1003, 9984-86.

Additionally, Beardsley discloses that its method comprises “connecting
consecutive waypoints.” Ex1004, [0058]. Beardsley also discloses “arrival times”
“for each waypoint,” which is a sequence in which the robot travels the route. /d.;
Ex1003, 985. Beardsley Figure 4 also shows the waypoints as the sequence of travel

for the robot. Id.
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To the extent a POSITA would not have understood Beardsley to have
disclosed route poses on the route, it would have been obvious to modify Beardsley
to use Castellanos’ route poses. Ex1003, 486. Castellanos’s Figure 5 depicts the
route poses forming a sequence in which the robot travels along the route. /d.;

Ex1007, Fig. 5.
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(b)

1d.
k.  2[b]: “the interpolation comprises a linear interpolation
between sequential ones of the one or more route poses.”
The Beardsley/Castellanos combination discloses this limitation. Ex1003,
q187.

Beardsley discloses this limitation because the trajectory between the
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sequential waypoints, supra § IV.A.2.1 (Element 1[b][6]), can be given by
“interpolation or the like.” Id., [0058]; Ex1003, 487. Moreover, Beardsley explains
that the “[t]he waypoints 430 are connected by straight lines as shown at 438, and,
in between waypoints, the ideal trajectory and active area is given by interpolation.”
Id., [0060]. A POSITA would have understood that Beardsley discloses this
limitation. Ex1003, 487.
L. 3: “The robot of claim 1, wherein the interpolation
generates one or more interpolation route poses having

substantially similar footprints to the footprint of each
route pose.”

The Beardsley/Castellanos combination discloses this limitation. Supra
§§ IV.A.2.j-k (Claim 2); Ex1003, 9988-90.

Beardsley teaches that active areas can be generated by interpolation.
Ex1004, [0058]. Active areas define “where the vehicle is allowed to freely move”
“for each waypoint,” and is therefore “substantially similar footprints to the footprint
of each route pose.” Id.; Ex1003, 489. Moreover, Figure 4 depicts active areas
associated with waypoints 1, 2, 3b, 6, 9, and 8 that are substantially similar in size
to the robot. Id.

To the extent a POSITA would not have understood Beardsley to have
disclosed route poses on the route, it would have been obvious to modify Beardsley
to use Castellanos’ route poses, which as illustrated in Figures 2 and 3 are

“substantially similar footprints to the footprint of each route pose.” Supra
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§§ IV.A.2.f (Element 1[b][3]); Ex1003, 990.

m. 4: “The robot of claim 1, wherein the determination of the
forces on each point of the one or more route poses further
comprises a computation of a force function that
associates, at least in part, the forces on each point of each

route pose with one or more characteristics of objects in
the environment.”

The Beardsley/Castellanos combination discloses this limitation. Ex1003,
1991-93.

Petitioner incorporates by reference the disclosures provided under Element
1[b][4]. Beardsley discloses a function for calculating repulsive velocity (equation
8), that takes as input, “the distance to the closest static obstacle within the map” and
the “normal vector from it.” Ex1004, [0061]; Ex1003, 992. Equation (8) therefore
computes forces based on ‘“characteristics of objects in the environment,” as
claimed. /Id. Beardsley also discloses alternate formulations where the “[t]he
position p;j and velocity v; of neighboring agents is known” where the neighboring
agents, other semi-autonomous vehicles, are obstacles. Id.; Ex1004, [0065]-[0066].

As explained above (Element 1[b][4]), a POSITA would have understood that
forces could be calculated for any given point on a robot and any given point in a
route pose, as shown in Figure 14. Id. [0061]; Ex1003, 993.

n. 5: “The robot of claim 4, wherein the one or more

characteristics includes one or more of distance, shape,
material, and color.”

The Beardsley/Castellanos combination discloses this limitation. Ex1003,
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1994-95.

Petitioner incorporates by reference the disclosures provided under Claim 4.
As demonstrated above (IV.A.2.m) Beardsley utilizes information about dynamic
obstacles such as “current position, velocity, and shape” to optimize trajectory.
Ex1004, [0101]; Ex1003, 995. A POSITA would have understood that this
information constitutes one or more of the “characteristics”—at least distance and

shape. Ex1003, 995.
0. 6: “The robot of claim 4, wherein: the force function
associates zero repulsive force exerted by a first detected
point on a first object where a distance between the first

detected point and a second point of a first route pose is
above a predetermined distance threshold.”

The Beardsley/Castellanos combination discloses this limitation. Ex1003,
1996-97.

The disclosure for Claims 1 and 4 also applies to this limitation. Supra
§§ IV.A.2.a-1, m; Ex1003, 997. Beardsley teaches the creation of guidance
trajectories utilizing force functions, wherein repulsive forces from objects are
measured at zero (i.e., zero repulsive force) beyond a certain distance threshold.
Ex1003, 997; Ex1004, [0061] (“The repulsive velocity u/¥ is computed with a
potential field approach that pushes the vehicle away from both static and dynamic

obstacles. A linear function weighting the distance to other vehicles is used . . . where

V, is the maximum repulsive velocity, D and D are the maximum distance from
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which a repulsive force is added.”) (emphasis added), id. (“[T]he guidance
trajectory, and the neighboring obstacles as follows . . . where u>=1 if the vehicle is
inside the active area and u>=0 otherwise, and pi1=1 if q is in line of sight of the
vehicle and p1=0 otherwise.” (emphasis added)). The distance threshold is beyond
which no repulsive force 1s added constitutes the “predetermined distance threshold”
of Claim 6. Ex1003, 497.

p- 7: “The robot of claim 1, wherein the footprint of each

route pose has substantially similar size and shape as the
footprint of the robot.”

The Beardsley/Castellanos combination discloses this limitation. Ex1003,
1999-101.

The disclosure for Claim 1 also applies to this limitation. Supra §§ IV.A.2.a-

Beardsley discloses a method for obstacle avoidance through use of a force
function that includes the “kinematic constraints of the vehicle,” such as the
“vehicle’s radius.” Ex1004, [0065]; Ex1003, 9100. Beardsley discloses modeling
the shape of each vehicle as an enveloping cylinder or circle with a given radius
centered at the vehicle. Ex1004, [0095] (“The shape of each agent or vehicle is
modeled by an enveloping cylinder of radius, ri, and height, 2h;, centered at the agent
or vehicle”), and in another example Beardsley considers an enveloping circle, id.

[0056] (“a circle of radius r is considered as the enveloping shape of the vehicle”).
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Beardsley’s enveloping cylinder or circle is a “substantially similar size and shape
as the footprint of the robot, and coupled with Beardsley’s use of waypoints and
“active areas,” supra § IV.A.2.e (element 1(b)(2)), constitute the use of these
footprints in the selection of waypoints (i.e., route poses). Ex1003, 4100.

Beardsley also discloses an active area, “where the vehicle is allowed to freely
move,” and explains that “[a]t least some of the active areas differ in size or shape.”
Id. [0013], [0058]. A POSITA would have understood that the active area reflects
the shape and size of the robot when the robot is modeled with a shape reflecting the
footprint of the robot. Ex1003, 9100.

To the extent a POSITA would not have understood Beardsley to have
disclosed this limitation, it would have been obvious to modify Beardsley to use
Castellanos’ route poses that are substantially similar size and shape as the footprint
of the robot. Ex1003, q101. Castellanos Figures 2, 3, and 5 all depict poses on a
route wherein the footprints of route poses have substantially similar size and shape

as the footprint of the robot. Ex1007, Figs. 2-3, 5; Ex1003, 101.
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Id., Figs. 5(a)-(b).
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q. 8: “The robot of claim 1, wherein the robot comprises a
floor cleaner.”

The Beardsley/Castellanos combination discloses this limitation. Ex1003,
19102-103.

The disclosure for Claim 1 also applies to this limitation. Supra §§ IV.A.2.a-
1. Beardsley teaches that its method may be used in numerous contexts, including

“with autonomous control (e.g., robotic character, a cleaning robot, a surveillance
drone, and so on).” Ex1004, [0221] (emphasis added); Ex1003, 4103.

r. 9[pre]: “A method for dynamic navigation of a robot in an
environment, comprising:”

To the extent the preamble is limiting, the Beardsley/Castellanos combination
discloses this limitation for the reasons explained for 1[pre]. Supra §§ IV.A.2.a-1;
Ex1004, [0160],[0221], [0008], [0010].

S. 9[a]: “generating a map of the environment using data
from one or more sensors;”

The Beardsley/Castellanos combination discloses this limitation for the
reasons explained for elements 1(a) and 1(b)(1). Supra §§ IV.A.2.b, d.

t. 9[b]: “determining a route on the map, the route including
one or more route poses, each route pose comprising a
footprint indicative at least in part of a pose and a shape of
the robot along the route and each route pose having a
plurality of points disposed therein;”

The Beardsley/Castellanos combination discloses this limitation for the

reasons explained for elements 1(b)(2) and 1(b)(3). Supra §§ IV.A.2.e-f.
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u. 9[c]: “computing repulsive forces from a point on an
object in the environment onto the plurality of points of a
first route pose of the one or more route poses;”

Beardsley/Castellanos discloses this limitation for the reasons explained for
element 1(b)(4). Supra §§ 1V.A.2.g.

V. 9[d]: “repositioning the first route pose in response to at
least the repulsive forces; and”

The Beardsley/Castellanos combination discloses this limitation for the
reasons explained for element 1(b)(5). Supra §§ IV.A.2.h.

w. 9le]: “performing an interpolation between the
repositioned first route pose and another of the one or
more route poses.”

The Beardsley/Castellanos combination discloses this limitation for the
reasons explained for element 1(b)(6). Supra §§ TV.A.2.1.

X. 10: “The method of claim 9, further comprising
determining attractive forces from a point on another of
the one or more route poses exerted on the plurality of
points of the first route pose.”

The Beardsley/Castellanos combination discloses this limitation for the
reasons explained for element 1(b)(4). Supra §§ 1IV.A.2.g.

y. 11[a]: “The method of claim 9, further comprising:

detecting a plurality of objects in the environment with the

one or more sensors, each of the plurality of objects having
detected points; and”

The Beardsley/Castellanos combination discloses this limitation for the

reasons explained for element 1(b)(a). Supra §§ IV.A.2.b.
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Z. 11[b]: “defining a force function, the force function
computing repulsive forces exerted by each of the detected
points of the plurality of objects on the plurality of points
of the first route pose, wherein each repulsive force
comprises a vector.”

The Beardsley/Castellanos combination discloses this limitation for the
reasons explained for element 1(b)(4). Supra § IV.A.2.g. That disclosure describes
the calculation of a repulsive vector (i.e., repulsive velocity as defined by a vector
field) by means of force function from obstacles (i.e., objects) onto the waypoints
(i.e., route poses) where the robot travels. Ex1003, 4115.

aa. 12: “The method of claim 11, wherein the repositioning of

the first route pose comprises calculating a minimum of
the force function.”

The Beardsley/Castellanos combination discloses this limitation for the
reasons explained for Claim 11 and elements 1(b)(4) and 1(b)(5). Supra §§
IV.A.2.g-h, y-z. Beardsley further discloses developing local trajectory through an
“optimization in which a joint quadratic cost function is minimized.” Ex1004,
[0090]. In the context of the repulsive and attractive forces employed by Beardsley
(Fig. 14), this cost minimization constitutes the minimization of a force function.
Ex1003, q117.

bb. 13: “The method of claim 9, wherein the repositioning of

the first route pose comprises translating and rotating the
first route pose.”

The Beardsley/Castellanos combination discloses this limitation. Ex1003,

4118-119. Beardsley discloses applying its method to quadrotors and accounting
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for translation and rotation. /d.; Ex1004, [0135] (defining a rotation matrix R;). In
the context of an obstacle avoidance method such as Beardsley, this translation and
rotation constitute the translation and rotation of route poses. Ex1003, 119. A
POSITA would have understood that this technique could also be applied to ground
robots to also determine translation and rotation. Id. Supra §§ IV.A.2.h (Elements
1(b)(5); incorporated herein by reference).
cc. 14]a]: “The method of claim 9, wherein the performing of
the interpolation comprises: generating an interpolation

route pose having a footprint substantially similar to the
shape of the robot; and”

The Beardsley/Castellanos combination discloses this limitation for the
reasons explained for Element 1(b)(6), and Claims 3, 7, and 9. Supra §§ IV.A.2.1, 1,
p, r-w. The Beardsley/Castellanos combination discloses using interpolation
between route poses to generate a collision-free path, including utilizing route poses
with a footprint similar to the size and shape of the robot. Ex1003, 9 121.

dd. 14[b]: “determining a translation and rotation of the
interpolation route pose based at least on a collision-free

path between the translated and rotated first route pose and
the another of the one or more route poses.”

The Beardsley/Castellanos combination discloses this limitation. Ex1003,
9122. A POSITA would have found that the Beardsley/Castellanos discloses
determining a translation and rotation of a route pose given by interpolation to

achieve a collision-free path, between an already translated and rotated route pose
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Ex1003, 9122; supra §§1V.A.2.1, IV.A.2.1, IV.A2.p,

IV.A.2.bb (Element 1(b)(6), Claims 3, 7, 13, all incorporated herein by reference).

ce.

15: “The method of claim 9, further comprising computing
a magnitude of the repulsive forces as proportional to a
distance between the point on the object and each of the
plurality of points of the first route pose if the point on the
object is outside of the footprint of the first route pose.”

The Beardsley/Castellanos combination discloses this limitation for the

reasons explained for Claim 9 and element 1(b)(4). Ex1003, 9124; supra

§§ IV.A.2.g, y-z. Beardsley discloses the use of the potential field method to

calculate repulsive force, and discloses Equation 8 for computing a repulsive

velocity which a POSITA would have understood to apply “if the point on the object

is outside of the footprint of the first route pose.” Ex1004, [0061]; Ex1003, q124.

Moreover, Equation 8 is based on “the distance to the closest static obstacle.”

Ex1004, [0061]; Ex1003, 9124. Beardsley therefore computes the magnitude of

repulsive force proportionally to the distance of an object. Id.

ff.

16: “The method of claim 9, further comprising computing
a magnitude of the repulsive forces as inversely
proportional to a distance between the point on the object
and each of the plurality of points of the first route pose if
the point on the object is inside the footprint of the first
route pose.”

The Beardsley/Castellanos combination discloses this limitation for the

reasons explained for Claim 9 and element 1(b)(4). Supra §§ IV.A.2.g, y-z; Ex1003,

126. It would have been obvious to a POSITA that Beardsley would apply the
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potential field method to calculate a higher magnitude of repulsive force as there is
less distance between the position and the obstacle, especially if the obstacle is
within the estimated position of the robot. Id. A POSITA would also have found it
obvious for this to hold true when the obstacle is within the footprint of the route
pose, such as that of Castellanos. /d.

gg. 17:“The method of claim 9, further comprising computing

torque forces onto the plurality of points of the first route
pose due to the repulsive forces.”

The Beardsley/Castellanos combination discloses this limitation for the
reasons explained for Claim 9 and element 1(b)(4). Supra §§ IV.A.2.g, y-z; Ex1003,
9128. The *780 patent defines torque forces as those that apply a rotational force on
a route pose. Ex1001, 14:15-17. Beardsley’s depiction of its force calculations in
Figure 5 depicts how rotational force may adjust a robot in obstacle avoidance.
Ex1004, Fig. 5; 9128. A POSITA would have found it obvious to execute the same
calculation as depicted in Beardsley Figure 5 and apply the same rotational force
from the equation in Figure 5 to a route pose. Ex1003, 4128.

To the extent a POSITA would not have understood Beardsley to have
disclosed route poses on the route, it would have been obvious to modify Beardsley
to use Castellanos’ disclosure. Ex1003, 9129. Castellanos depicts how route poses
may be rotated during the course of navigation. Ex1007, Fig. 5; Ex1003, 4129. A

POSITA would have found it to apply the forces of Beardsley to a rotation of the

50



Petition for Inter Partes Review
of U.S. Patent No. 10,001,780

route poses as depicted in Castellanos. Ex1003, §129.

hh. 18[pre]: “A non-transitory computer-readable storage
apparatus having a plurality of instructions stored thereon,
the instructions being executable by a processing
apparatus to operate a robot, the instructions configured to,
when executed by the processing apparatus, cause the
processing apparatus to:”

To the extent the preamble is limiting, the Beardsley/Castellanos combination
discloses this limitation. Ex1003, 9131. Beardsley discloses there are several means
to implement its teachings including processors such as “digital computer systems,
microprocessors, application-specific integrated circuits (ASIC), general purpose
computers . . ., and implemented via “program instructions resident on computer
readable media.” Ex1004, [0223]. Id. Beardsley also discloses that “[p]rogram
instructions (such as those in controllers 116, 132 in Fig. 1) include . . . computer-
executable instructions executed by computer system processors. . .” Id.

ii. 18[a]: “generate a map of an environment using data from
one or more sensors;”

The Beardsley/Castellanos combination discloses this limitation for the
reasons explained for elements 1[a] and 1[b][1]. Supra §§ IV.A.2.b, d.

ji-  18[b]: “determine a route on the map, the route
comprising one or more route poses, each route pose
comprising a footprint indicative at least in part of a pose
and a shape of the robot along the route and each route
pose having a plurality of points disposed therein; and”

The Beardsley/Castellanos combination discloses this limitation for the

reasons explained for Claim 7 and elements 1[b][2], 1[b][3], and 9[b]. Supra
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§§IV.A2.ef, p, t.

kk. 18|c]: “compute repulsive forces from a point on an object
in the environment onto the plurality of points of a first
route pose of the one or more route poses.”

The Beardsley/Castellanos combination discloses this limitation for the
reasons explained for element 9(c). Supra § IV.A.2.u.

1L 19: “The non-transitory computer-readable storage
apparatus of claim 18, further comprising one or more
instructions, which when executed by the processing
apparatus, further cause the processing apparatus to
determine attractive forces from a point on another of the
one or more route poses exerted on the plurality of points
of the first route pose.”

The Beardsley/Castellanos combination discloses this limitation for the
reasons explained for Claims 10 and 18. Supra §§ IV.A.2.x, hh-kk.

mm. 20: “The non-transitory computer-readable storage
apparatus of claim 18, further comprising one or more
instructions, which when executed by the processing
apparatus, further cause the processing apparatus to
determine torque forces from a point on another of the one
or more route poses exerted on the plurality of points of
the first route pose.”

The Beardsley/Castellanos combination discloses this limitation for the

reasons explained for Claims 17 and 18. Supra §§ IV.A.2.gg-kk.
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B. Ground 2: Beardsley in view of Castellanos, and Khatib Render
Obvious Claims 1-20

1. Overview of Ground

a. Summary of Khatib

Khatib is a seminal paper disclosing the real-time obstacle avoidance method
using artificial potential fields. Ex1006, 90; Ex1003, 947. The method moves a
robot (manipulator) based on simulated forces acting upon the robot. Id. The
“manipulator moves in a field of forces. The position to be reached is an attractive
pile . . . and obstacles are repulsive surfaces for the manipulator parts.” Ex1006, 90.
Khatib explains that “any point of the robot can be subjected to the artificial potential
field” and such a point is called a “Point Subjected to the Potential” or “PSP.” Id.,
93. The method “enables control of a given point of the manipulator with respect to
[an] obstacle” and specifying “an adequate number of PSPs enables the protection
of all of the manipulator’s parts.” Id., 94. The potential field accounts for a “limit
distance” at which the influence of the potential field ceases and a “shortest distance
to the obstacle” at which repulsive force is greatest. Id., 93. Khatib also discloses
that the potential field method can be used to account for various obstacle shapes.

1d., Fig. 1 (below); Ex1003, 947.
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b. Motivation to Combine Beardsley, Castellanos, and
Khatib

As discussed in Ground 1 (§ IV.A.1c), a POSITA would have been motivated
to combine Beardsley with Castellanos. A POSITA would have further been
motivated to modify that combination further in view of Khatib. Ex.1003, §139.

Khatib discloses a “real-time obstacle avoidance approach for manipulators
and mobile robots.” Ex1006, 90. Khatib discloses computing the potential field
multiple points to “enable protection of all of the manipulator’s part.” /d., 94. Khatib
presents “this method in the context of manipulator collision avoidance,” and
explains that the “application to mobile robots is straightforward.” Id., 91. Indeed,

in a 2005 textbook, Choset disclosed an application of Khatib’s method to “rigid-
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body robots” using “control points.” Ex1012, 80, 101-104, 582; Ex.1003, 9140. A
POSITA would have found it advantageous to compute forces at multiple points of
arigid-body robot to account for the entire body of the robot and to enable protection
of the entire body. Id.

A POSITA would have recognized that Khatib’s use of “PSPs” (IV.1.a) for
every point of a manipulator (robot) and Beardsley’s use of waypoints and “active
areas” (IV.A.l.a) were complimentary solutions to the problem of accounting for the
footprint of a robot to avoid obstacles. Ex1003, 4140. Khatib discloses computing
forces at each PSP of the manipulator (which is a type of robot) and further discloses
that “n PSPs have to be considered” to reposition the manipulator, which are
essential to protect all parts of the manipulator. Ex1006, 94. Khatib’s PSPs provide
a more granular method of accounting for a robot’s footprint for use in Beardsley,
because additional PSPs can be specified to accurately account for, and protect, a
particular robot’s parts. /d.; Ex1003,9140. A POSITA would have found it obvious
to apply Khatib’s teachings to an adequate number of PSPs at each route pose to
Beardsley’s robot so as to ensure all parts of Beardsley’s robot are protected at each
pose along its route. Id.

A POSITA would have found it obvious and beneficial to apply Khatib’s
teachings concerning computing forces on more than one point of a route pose of

Beardsley’s robot. Id., §141. While Khatib explains that doing so would “require[]
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the solution of a complicated system of equations,” it also presents a technique that
“avoids this costly computation.” Ex1006, 94. This technique would therefore
provide the benefits of improved obstacle avoidance whilst avoiding costly
computations. Ex1003, q156. Moreover, Khatib is a seminal paper from 1986. Id.
A POSITA would have known that computing power has increased significantly
between 1986 and the filing of the *780 patent 30 years later in 2016 and therefore
could accommodate the computations of forces using the techniques proposed by
Khatib. Id.

A POSITA would have been motivated to combine Beardsley and Khatib with
Castellanos because, as noted above, § IV.A.l.c (incorporated by reference)
solutions to the complete navigation system in autonomous robotics requires
utilizing a method of localization, like that disclosed in Castellanos. I1d., §142. A
POSITA seeking improved solutions to a complete navigation system in the field of
autonomous robots would need to combine methods of obstacle avoidance, map
building, and localization (Ex1009, 323), like the combination of Beardsley, Khatib,
and Castellanos. Ex1003, 9142.

Khatib, like Beardsley and Castellanos, discloses the use of sensors and sensor
data. Ex1006, 96 (“producing the appropriate commands . . . [involves] making use
of real time obstacle sensing (low level vision and proximity sensors)”). Supra

§ IV.A.1.c (describing use of sensors by methods in Beardsley and Castellanos). A
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POSITA would have had an expectation of success combining Beardsley, Khatib,
and Castellanos. Ex1003, 9144. As noted, both Khatib and Beardsley disclose the
use of potential field methods based on sensor data for obstacle avoidance, Khatib
provides additional granularity as to accounting for the robot’s footprint, and
Castellanos provides a method of localization. Id. These methods collectively thus
provide an improved solution to a complete navigation system. /d. Further, because
all three utilize sensors and sensor data, this underscores the reasonable likelihood
of success in combining the teachings. /d.

2. Detailed Analysis of Ground 2

C. Claims 1-8

As supported by the Papanikolopoulos Declaration,
Beardsley/Castellanos/Khatib combination teaches all elements of claims 1-20 of
the *780 Patent and also renders all of those claims obvious. Supra § IV.A.2.a-i
(Claim 1), § IV.A.2.j-q (Claims 2 to 8).

d. Element 1[b][4]

To the extent the Board finds that the Beardsley/Castellanos combination does
not teach this element, the Beardsley/Castellanos/Khatib combination teaches it.
Ex1003, q9146-149.

Khatib discloses a PUMA 560 robot that implements methods for real-time

collision avoidance, where there are moving obstacles, using “visual sensing.”
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Ex1006, 90, Abstract. Khatib also discloses “taking into account the detailed
geometry and motion of manipulator and obstacle, and making use of real-time
obstacle sensing (low level vision and proximity sensors).” Id., 96.

Khatib discloses implementation of its technique on a “Control System

Architecture,” in Fig. 3 (shown below), which is a controller. Ex1006, Fig. 3;

Ex1003, §147.

’ (
FPSP,.,} A(X) by J:’SPjr

- o
N . . .
-
. . .
4
] .

Obstacles/PSPs  Specification +
e T v
f ) J }.@
tpspz } Alx P. PSPZ "
C — 4 [
O Fpsp1 Alx) ‘JPSF; P, : Sensing :
S ; '
M 1 31 :Environmcm:
! x
—
O | Goal Position | Yo . ) P
| (LaT ¢ ALx) jopl JT(Q) 1| €STIMATOR - X
r +-4> > %
AJ
Parameter Evaluation Level 1

Ex1006, Fig. 3.

Khatib discloses that its controller determines forces on a robot/manipulator,

including repulsive forces from a detected point on an object and attractive forces.
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Ex1006, 91 (“The manipulator moves in a field of forces. The position to be reached
is an attractive pole . . . and obstacles are repulsive surfaces for the manipulator
parts.”); Ex1003, §148. Fxq in Equation 10 is the attractive force from a goal point
and F, in equation 10 is the repulsive force originating from the surface of the
obstacle—thus Khatib discloses “determining forces.” Ex1006, 92; Ex1003, 148.

Khatib also discloses that the potential field approach “enables the control of
a given point of the robot with respect to the obstacle by using the sum of the relevant
gradients.” Ex1006, 94. Khatib discloses that it is possible to control a given point
of a robot with respect to several obstacles, or to control different points of the robot
with respect to different obstacles. Ex1003, §148. For example, Khatib explains
that “[a]ny point of the robot can be subjected to the artificial potential field,” and
defines a “Point Subjected to the Potential” as “PSP.” Id., 93. Khatib discloses
equations (18), (23), (24), (25) for calculating the potential field at each PSP. Id.,93-
94; Ex1003, 9148. Further, Khatib recommends that “specifying an adequate
number of PSPs enables the protection of all of the manipulator’s parts.” Ex1006 at
93.

A POSITA would have found it obvious to apply Khatib’s teachings
concerning the manipulator, which is a type of robot with a fixed base, to a mobile
robot. Ex1003, 9149. A POSITA would have therefore understood Khatib to

disclose this claim element. /d. Khatib recommends calculating the forces for “an
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adequate number of PSP” to protect all of the manipulators parts at each position of
the manipulator (Fig. 2). Id. A POSITA would also have found it desirable and
obvious to apply this teaching to Beardsley’s robot to calculate forces for the
plurality of points on a route poses of the Beardsley robot to protect all parts of the
robot. /d.

e. Element 1[b][5]

To the extent the Board finds that the Beardsley/Castellanos combination does
not teach this element, the Beardsley/Castellanos/Khatib combination teaches it.
Ex1003, 4150. Khatib discloses computing forces at each PSP of the manipulator
(which is a type of robot) and further discloses that “n PSPs have to be considered”
to reposition the manipulator. Supra § IV.A.2.h; Ex1006, 94. Khatib further
discloses the “displacement of a 4 dof manipulator” (Fig. 2) to avoid moving
obstacles—i.e., “repositioning one or more route poses in response to the force on

each point of the one or more route poses,” as claimed. Ex1003, 4152.
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Id., Fig. 2.

A POSITA would have found it obvious to modify a robot according to the
Beardsley/Castellanos teachings to apply Khatib’s forces onto each point of
Beardsley’s robot to ensure that all points of each route pose of the robot are
protected from collisions. Ex1003, q152.

f. Claim 4

To the extent the Board finds that the Beardsley/Castellanos combination does
not teach this claim, the Beardsley/Castellanos/Khatib combination teaches it.
Ex1003, qq153-156.

Khatib discloses calculating repulsive forces based on the shape of the surface
of an obstacle in the environment. Ex1006, 93 (“Obstacles are described by the
composition of primitives. A typical geometric model base includes primitives such
as a point, line, plane, ellipsoid, parallelepiped, cone, and cylinder. The first

artificial potential field (Eq. 16) requires analytic equations for the description of
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obstacles. We have developed analytic equations representing envelopes which best
approximate the shapes of primitives such as a parallelepiped, finite cylinder, and
cone...”); Ex1003, 9154. Khatib Figure 1 depicts geometric modeling of an

obstacle surface with an ellipsoid. /d.
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Ex1006, Fig. 1.

Khatib also discloses calculating forces for a specified number of points on a
robot. Id. at 93 (““Any point of the robot can be subjected to the artificial potential
field.”).

A POSITA would have found it obvious and beneficial to apply Khatib’s
forces computation that is based on “one or more characteristics of objects in the
environment,” on the plurality of points of a route pose, such as the route poses of a

robot that implements the teachings of Beardsley/Castellanos. Ex1003, q156.
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While Khatib explains that would “require[] the solution of a complicated system of
equations,” it also presents a technique that “avoids this costly computation.”
Ex1004, 94. This technique would provide the benefits of improved obstacle
avoidance whilst avoiding costly computations. Ex1003, §156. Moreover, Khatib
is a seminal paper from 1986. A POSITA would have known that computing power
has increased significantly between 1986 and the filing of the *780 patent 30 years
later in 2016 and therefore could accommodate the computations of forces using the
techniques proposed by Khatib. Ex1003, 4156.

g. Claim 6

To the extent the Board finds that the Beardsley/Castellanos combination does
not teach this claim, the Beardsley/Castellanos/Khatib combination teaches it.
Ex1003, q9157-160.

Khatib discloses setting repulsive force as zero where the distance to an
obstacle is greater than the “limit distance of the potential field influence.” Ex1006,

93 (Equations 16, 17); Ex1003, q158.

1 (1 12
a2 (0 7o) 1109 <1050

0 if /(x) > f(xo).

(16)

1d., Equation 16.
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11 _ _L)2 if p < pos
_ 273( 0) ’ i 2 = po 17
Uo(=) {0, o if p > po; (17)

1d., Equation 17.

The “limit distance” and Equation 17 constitute a force function wherein the
repulsive force from a first detected point (an obstacle) is “zero” on a point on a
route pose (i.¢., the robot) beyond the limit distance. Ex1006, 92 (“the influence of
this potential field must be limited to a given region surrounding the obstacle”);
Ex1003, q159.

A POSITA would have found it obvious and beneficial to apply Khatib’s
technique for computing forces to a robot that implements the teachings of
Beardsley/Castellanos. Id., §160. As Khatib explains, “[t]his potential function can
be obtained very simply in real-time since it does not require any distance

calculations.” Id.

h. Claims 9-17

The Beardsley/Castellanos/Khatib combination discloses this limitation for
the reasons explained for Ground 1. Supra § IV.A.2.r-gg.

i. Element 9|c]

To the extent the Board finds that the Beardsley/Castellanos combination does
not teach this claim, the Beardsley/Castellanos/Khatib combination teaches it for the

reasons explained for elements 1(b)(4). Supra § IV.B.4.b.
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je Claim 10

To the extent the Board finds that the Beardsley/Castellanos combination does
not teach this element, the Beardsley/Castellanos/Khatib combination teaches it for
the reasons explained for Element 1(b)(4). Supra § IV.B.2.g; Ex1006, 91-92, 94,
Equation 25.

k. Claim 11

To the extent the Board finds that the Beardsley/Castellanos combination does
not teach this element, the Beardsley/Castellanos/Khatib combination teaches it for
the reasons explained for elements 1(b)(4) and 1(b)(5). Supra § IV.B.2.b-c. Khatib
discloses “defining a force function, the force function computing repulsive forces
exerted by each of the detected points of the plurality of objects on the plurality of
points of the first route pose, wherein each repulsive force comprises a vector.”
Ex1003, q164.

1. Claim 15

To the extent the Board finds that the Beardsley/Castellanos combination does
not teach this element, the Beardsley/Castellanos/Khatib combination teaches it for
the reasons explained for elements 1(b)(4) and 1(b)(5). Supra § IV.B.2.b-c. To the
extent Beardsley does not disclose this limitation, a POSITA would have found it
obvious to apply Khatib’s repulsive forces calculation. Ex1003, q165. Khatib
discloses that the magnitude of repulsive force “t[r]Jends to infinity as the end-

effector approaches the obstacle’s surface.” /d.; Ex1006, 92. The magnitude of the
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repulsive force is proportional to the distance between the obstacle and the robot if
the point on the object is outside of the footprint of the first route pose. Ex1003,
q165.

m. Claim 16

To the extent the Board finds that the Beardsley/Castellanos combination does
not teach this element, the Beardsley/Castellanos/Khatib combination teaches it for
the reasons explained for elements 1(b)(4) and 1(b)(5). Supra §IV.B.2.b-c
(incorporated by reference). Khatib discloses that as the end-effector approaches the
obstacle’s surface, the repulsive force trends towards infinity. Ex1006, 92; Ex1003,
9166. A POSITA would have understood this to mean that the lesser the distance
between the obstacle and the robot, the greater the magnitude of repulsive force.
Ex1003, q166.

n. Claims 18-20

The Beardsley/Castellanos/Khatib combination discloses this limitation for
the reasons explained for Ground 1. Supra § IV.A.2.hh-mm.

0. Element 18|c]

Beardsley/Castellano/Khatib discloses this element for the reasons it discloses
element 9(c). Supra § IV.B.2.1.

p- Claim 19

To the extent this element is not disclosed in Ground 1, supra § IV.A.2.kk,

Ground 2 discloses this limitation as explained for Claims 10 and 18. Supra
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§§ IV.B.2.x, hh-kk.

q. Claim 20

To the extent this element is not disclosed in Ground 1, supra § IV.A.2.11
(incorporated by reference), Ground 2 discloses this limitation as explained for
Claims 17 and 18. Supra §§ IV.B.2.gg-kk.

C. Ground 3: Yamamoto in view of Khatib

1. Overview of Ground

a. Summary of Yamamoto

Yamamoto discloses an autonomous robot for indoor environments that
combines known path planning, map building, and obstacle avoidance techniques.
Ex1010, 422 (“we propose our potential field-based path planner within topological
map building ability which enables the robot . . . to build a reliable and compact map

between targets (a start and goal). . .””); Ex1003, q51.
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Ex1010, Fig. 4.

Yamamoto uses the potential field method of Khatib for obstacle avoidance
and the Voronoi diagram method for map creation. /Id., 421 (“The hybrid path
planner is composed of potential field method (Khatib, 1986) (Volpe and Khosla,
1990) and Voronoi diagram approach”); Ex1003, 52.

b. Motivation to Combine Yamamoto and Khatib

A POSITA would have been motivated to combine Yamamoto and Khatib.
Ex1003, q171. Yamamoto uses Khatib’s technique in its proposed method in a

robot. Id., 421 (“In this paper, we propose a hybrid path planner . . . . composed of
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potential field method (Khatib, 1986)”); id. at 433-434; Fig. 24 (showing a “real
robot in an environment where two circular obstacles are located as to generate
artificial potentials . . . ). Because Yamamoto relies on Khatib’s technique, a
POSITA would have studied Khatib and applied its techniques for computing forces

to the Yamamoto robot. Ex1003, q171.

i ] | MobieR b 1 Mobité Robot L4
3 [=Eepe=me—— e L s e T B T W
A i L A i
2511111 25 TBSTTES!
i} Obstatles! Gt}s at i
B e Sy (R Y 2 : :
= | 1 1.4t | z P Y i\ |
R S e 22l ~S P J U SR S NI W
- i ) - P ey
1 . H ecspessmacs .s 1
0.5 fosrgrome : 0.5
0 | : ; : 0
_ i N T _osl i | .
-050 05 1 15 2 25 3 35 4 -050 05 1 15 2 25 3 35 4
X (m) X (m)
(a) (b)

Ex1010, Fig. 24.

Yamamoto describes Khatib as “straightforward” and that it “guarantees a
safe navigation under dynamic environment[s].” Ex1010,421. Yamamoto explains
Khatib is “widely used in decades for autonomous mobile robot planning because of
its simplicity.” Ex1010, 425. A POSITA familiar would be inclined to combine the
teachings of Khatib because Khatib is used by Yamamoto, and because Khatib is a
seminal paper that provides a simple solution for obstacle avoidance in dynamic

environments. Ex1003, 4172.

69



Petition for Inter Partes Review
of U.S. Patent No. 10,001,780

It would have been obvious to modify Yamamoto to use Khatib’s route poses.
Ex1003, 4173. Khatib discloses route poses that have substantially similar footprints
to the footprint of each route pose in Figure 2 thereof, which shows a “dynamic
simulation for a redundant 4 dof manipulator operating.” Ex1006, 94. As explained
by Khatib, this would “enables the protection of all of the manipulator’s parts.” 1d.
As such, a POSITA would have been motivated to apply Khatib’s route poses to
Yamamoto’s robot’s planning trajectory to ensure that all parts of Yamamoto’s robot
can avoid collisions.

A POSITA would have reasonably expected success in combining Yamamoto
and Khatib. Yamamoto successfully experimented using Khatib’s potential field
approach. Ex1010, 433 (“The collision avoidance algorithm presented has
demonstrated its flexibility in both dynamically controlling the output equation and
changing the shape of the repulsive potential field.”). Accordingly, a POSITA
would also have reasonably expected success in combining Yamamoto and Khatib.
Ex1003, q174.

2. Detailed Analysis of Ground 3

As supported by the Papanikolopoulos Declaration, the combination of
Yamamoto/Khatib teaches all elements of claims 1-20 of the *780 Patent and also

renders all of those claims obvious.
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c. Element 1[pre]
To the extent the preamble is limiting, it is disclosed by Yamamoto/Khatib.
Yamamoto discloses a real robot, the Pioneer 3-DX. Ex1010, 423 (“The mobile
robot we use for experiments is an ActivMedia product, Pioneer 3-DX”); Ex1003,

q176.

Id., Fig. 4.

d. Element 1[a]

Yamamoto/Khatib discloses this limitation. Ex1003, q177. Yamamoto
discloses that its robot “generat[es] a map model of its environment via sensory
data.” Ex1010, 421. Yamamoto discloses that it uses “the closest sensory
measurement from the obstacle surface, and define[s] a smallish particle obstacle at

the closest location which generates a small repulsive potential as well.” Id., 426.
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Yamamoto’s sensory measurement of the obstacle surface and definition of a small
particle corresponds to this limitation’s “collecting data about an environment
including detected points on one or more objects in the environment.” Ex1003,
177. Additionally, the real robot is equipped with a laser, which is a sensor. 1d.;

Ex1010, Fig. 4.

Id., Fig. 4.

e. Element 1[b]

Yamamoto/Khatib discloses this limitation. Ex1003, 4178. Yamamoto
discloses a system controller for its robot, which discloses the controller required by
this limitation. Id.; Ex1010, 422 (describing “system controller.”). Yamamoto

Figure 3 depicts Yamamoto’s controller.
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f. Element 1[b][1]

Yamamoto/Khatib discloses this limitation for the reasons discussed above
for element 1[a]. Ex1003, 9180; Supra § IV.C.2.b. Yamamoto additionally
discloses creating a map of the environment using the collected sensory data.

Ex1010, Fig. 1 (“Map construction”); Ex1003, 4180.
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Ex1010, Fig. 1.

Yamamoto discloses a “path planner with both navigation and map building
abilities.” Id., 424. Yamamoto further discloses that “[bJased on the constructed
map, the robot is able to seamlessly start autonomous maneuvers between any
targets.” Id. Yamamoto discloses that it uses “sensory data to allow the robot to

generate an approximate Voronoi structure such as a representation of free space of
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its environment,” i.e., a map. Id., 429; Ex1003, 9181. Yamamoto discloses that
“[f]irst, the robot gathers information of its vicinity and creates a finite set P of points
which approximates the sensory data from each laser scan” and then “[b]ased on
each local scan, the robot accumulates the approximate sensory data for
incrementally building an approximate Voronoi structure of its workspace while

moving towards a target.” Ex1010, 429.

Id., Fig. 16.

g. Element 1[b][2]

Yamamoto/Khatib discloses this limitation. Ex1003, 4182. Yamamoto
Figure 1 (shown below) discloses determining a path (route) in the map for the robot

to travel, “Finding a path for a target.” Id.
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Ex1010, Fig. 1.
Figure 15 (shown below) depicts the determined route traveled by the robot.

Ex1003, 9182.
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Ex1010, Fig. 15.
Yamamoto Figure 18 (shown below) similarly depicts the determined route in

the map in which the robot will travel. Ex1003, q183.
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Ex1010, Fig. 18.
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h. Element 1[b][3]

Yamamoto/Khatib discloses this limitation. Ex1003, 4184. Yamamoto

29 ¢c¢

discloses creating “sub-goals,” “target positions,” “Voronoi edges,” and “reference
points” on the map which represent potential positions of the robot along the route
and comprise route poses and footprints indicative of poses of the robot along the
route. Ex1010, 423 (“reference Point P,”); 429 (“After an exploration towards a
target, the robot can perform autonomous maneuvers immediately by setting up sub-
goals on the constructed map.”); id. (“By selecting an edge point which is unvisited
and is closest to a predefined goal as an edge for tracing, the mobile robot is able to

accomplish an exploration towards the target”), Figures 2, 15, 18, 19, 5, 9, 12;

Ex1003, 9184,

Figure 2 System model

Yo

Vo o= w= - - - -

Id., Fig. 2 (reference point Pyo).
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Yamamoto discloses that each potential robot position is comprised of a
plurality of points because Yamamoto discloses that each position is constructed by
collecting a plurality of points of sensory data. Ex1003, §185; Ex1010, 429 (“First,
the robot gathers information of its vicinity and creates a finite set P of points which
approximates the sensory data from each laser scan. ... Based on each local scan, the
robot accumulates the approximate sensory data for incrementally building an
approximate Voronoi structure of its workspace while moving towards a target”).
Yamamoto also discloses that the robot’s position, and therefore Voronoi edges and
sub-goals, are modeled using a plurality of points because each robot’s position
accounts for “distance between two driving wheels” among other physical

constraints such the radius of the wheels. Id., 422; Ex1003, q185.
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1d., Fig. 2.

i. Element 1[b][4]

Yamamoto/Khatib discloses this limitation. Ex1003, 9186.
Yamamoto discloses calculating attractive forces. Id.; Ex1010, 425 (“an

attractive potential which drives the mobile robot to its destination can be described

by: [Equation 12]7).

Usa(®) = Ay (3% = %)° + (3 — 3,)° (12)
where A is a positive constant, (x,, y,) is the coordinates of the
reference point, and (x,, V,) 1s the coordinates of the
destination.

Id., Equation 12.
Yamamoto discloses calculating repulsive forces. Ex1003, §187; Ex1010,

425 (“Also a repulsive potential well which prevents the mobile robot from

collisions can be written as: [Equation 13]).
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,—aK
- 5 €
U rep ( K)=B K

(13)

Id., Equation 13.

Yamamoto discloses calculating the potential field based on a detected point
of'an object. Ex1003, q188; Ex1010, 426 (“We use the closest sensory measurement
from the obstacle surface, and define a smallish particle obstacle at the closest
location which generates a small repulsive potential as well”). Yamamoto discloses
using the potential field method to calculate forces for a given reference point. 1d.,
426 (‘“also the momentary force F which the reference point receives can be given

by: [equation 15]7).
F=-W=|"% ~%] (15)

Id., Equation 15.
Yamamoto also explains that its controller “use[s] the closest sensory
measurement from the obstacle surface, and define[s] a smallish particle obstacle at

the closest location which generates a small repulsive potential as well,” as

illustrated in Figure 8(b). Id., 426; Fig. 8(b). Ex1003, 9189.
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Figure 8 Simulation results for comparison: (a) conventional approach;
(b) our approach
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Yamamoto/Khatib discloses this limitation. Ex1003, 9190.

As explained above (Element 1[b][3]), Yamamoto discloses projected route

poses by constructing a Voronoi diagram. /d., Fig. 15 (shown below); Ex1003, 4190.
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1d., Fig. 15.

Yamamoto also discloses repositioning the robot based on potential forces.
Id., Fig. 12; Ex1003, q191. “Figure 12(a) to (e) thoroughly plot the obstacle
avoidance path of the mobile robot in discrete time while it is maneuvered in a

dynamic environment where three rectangular shapes of obstacles are moving in

different directions.” Ex1010, 427.
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Id., Fig. 12.
Yamamoto discloses that “as to path planning, instead of scheming the path

of the mobile robot directly we plan on calculating the path to reach the target
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position for the reference. As a result, the mobile robot will attain the target position
as we expect by following the motion of the reference point.” /d., 424.

k. Element 1[b][6]

Yamamoto/Khatib discloses this limitation. Ex1003, §193. Yamamoto
discloses “based on our collision avoidance algorithm by predefining start and goal
positions the mobile robot can find a safe and smooth path for attaining the target
position autonomously . . .” Id., 427. Yamamoto further explains “The system
controller . . . is based on feedback linearization technique. . . to create a very smooth
trajectory during obstacle avoidance.” Id., 422, Equation 10 (“linearization between
the control input and output.”)

Yamamoto therefore discloses determining a “safe and smooth path” using
linearization between the “predefine[ed] start and goal positions.” Ex1003, 4194.
A POSITA would understood that Yamamoto generates the path by interpolating a
path between the start and goal positions. /d. Yamamoto’s Figure 9 also illustrates
an “obstacle avoidance path” between a reference point (i.e., a route pose) and an
obstacle to generate a collision-free path during a look-ahead process. Id.
Yamamoto’s Figure 5 also illustrates an “[ijmplementation of look-ahead control
system,” comparing the actual path travelled by the robot to a path that is determined
by interpolating between multiple “reference points.” Ex1010, 424. A POSITA

would have understood that Figures 9 and 5 illustrate an interpolation between a
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sequence of route poses in which the robot travels along the route, to generate a

collision free path. Ex1003, 9194.

Figure 5 Experimental result: trajectory of mobile robot: (a) 45° (b)
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Ex1010 Figs. 9, 5.

L. Element 2|a]

The Yamamoto/Khatib combination discloses this limitation for the reasons
explained for elements 1[b][1]-1[b][3], and 1[b][5]. Supra §§ IV.C.2.d-f, h; Ex1003,
9196. The disclosure for these elements together shows that Yamamoto/Khatib

discloses route poses that form a sequence in which the robot travels along the route.
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Id. Yamamoto’s reference points, Voronoi edges, and sub-goals, (route poses and
footprints) comprise a sequence in which the robot travels. Id. This is depicted in

Yamamoto figures 5 and 15. Id.
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Ex1010, Fig. 5.
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Id., Fig. 15.

m. Element 2[b]

The Yamamoto/Khatib combination discloses this limitation for the reasons
explained for elements 1[b][6] and 2[a]. Supra §§ IV.C.2.i-j; Ex1003, 4197. The
incorporated analysis shows Yamamoto/Khatib performs interpolation between
route poses and discloses a sequence of route poses. Id. The analysis shows
Yamamoto/Khatib discloses performing linear interpolation between sequential
route poses. Id. In particular, a POSITA would have understood that Figure 5
illustrates a linear interpolation between a sequence of route poses in which the robot
travels along the route, to generate a collision free path. Id.

n. Claim 3

The Yamamoto/Khatib combination discloses this limitation for the reasons
explained for elements 1[b][6], 2[a], and 2[b]. Supra §§ 1V.C.2.1, ], k; Ex1003, 4198.

Yamamoto/Khatib discloses this limitation. /d. To the extent a POSITA would not
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have understood Yamamoto to have disclosed route poses that have substantially
similar footprints to the footprint of each route pose, it would have been obvious to
modify Yamamoto to use Khatib’s route poses. Ex1003, 4198. Khatib discloses
route poses that have substantially similar footprints to the footprint of each route
pose in Figure 2 thereof, which shows a “dynamic simulation for a redundant 4 dof
manipulator operating.” Ex1006, 94. Each simulation of the manipulator generates
an “interpolation route pose[] having substantially similar footprints to the footprint
of each route pose,” as claimed. Ex1003, q198. As explained by Khatib, this would

“enables the protection of all of the manipulator’s parts.” Id.

1d., Fig. 2.

0. Claim 4

Petitioner incorporates by reference the corresponding analysis from element
1[b][4]. Supra § IV.C.2.g. Yamamoto/Khatib discloses that it incorporates obstacle

shape as part of its obstacle avoidance technique. Ex1010, 422 (“to estimate the
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space between the obstacles [] for modifying repulsive potential shapes, the shapes
of the obstacles causing the robot halt . . . ”); Id., 431 (“we need to acquire the actual
shapes of obstacles that cause the robot to stop”); Figs. 8, 20, 23 (illustrating
potential fields around an obstacle); Ex1003, §199.

p- Claim §

The Yamamoto/Khatib combination discloses this limitation for the reasons
explained for Claim 4. Supra § IV.C.2.m.

q. Claim 6

The Yamamoto/Khatib combination discloses this limitation for the reasons
explained for Claim 4. Supra § IV.C.2.m. To the extent a POSITA would not have
understood Yamamoto to have disclosed a “zero repulsive force exerted . . . where
a distance between the first detected point and a second point of a first route pose is
above a predetermined distance threshold,” it would have been obvious to modify
Yamamoto to use Khatib’s computation of repulsive forces. Ex1003, 9201.
Petitioner incorporates by reference the corresponding analysis from Ground 2,
Claim 6. Supra § IV.B.2.e. As Khatib explains, “[t]his potential function can be
obtained very simply in real-time since it does not require any distance calculations.”

Ex1010, 93; Ex1003, 4201.

r. Claim 7

The Yamamoto/Khatib combination discloses this limitation for the reasons

explained for Claim 3. Supra § IV.C.2.1.
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S. Claim 8

Yamamoto/Khatib discloses this limitation. Yamamoto provides an obstacle
avoidance and path planning solution for indoor robots, which a POSITA would
understand would include cleaning robots because at the time cleaning robots were
common. Ex1010, 421 (“autonomous vehicles in indoor environments.”); Ex1004,
[0221]; Ex1003, 9204. A POSITA would have found it obvious that one such
application of an indoor robot would be for cleaning and that a floor cleaner would
be part of the robot. Id.

t. Element 9[pre]

To the extent the preamble is limiting, the Yamamoto/Khatib combination
discloses this limitation for the reasons explained for Claim 1. Supra §§ IV.C.2.a-1

u. Element 9|a]

The Yamamoto/Khatib combination discloses this limitation for the reasons
explained for elements 1[a] and 1[b][1]. Supra §§ IV.C.2.b, d.

\A Element 9[b]

The Yamamoto/Khatib combination discloses this limitation for the reasons
explained for elements 1[b][2]-1[b][3], 2[a], and claims 3 and 7. Supra §§ IV.C.2.e-
f,], 1, p.

w.  Element 9|c]

The Yamamoto/Khatib combination discloses this limitation for the reasons

explained for element 1[b][4]. Supra § IV.C.2.g.
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X. Element 9[d]

The Yamamoto/Khatib combination discloses this limitation for the reasons
explained for element 1[b][5]. Supra § IV.C.2.h.

y. Element 9[e]

The Yamamoto/Khatib combination discloses this limitation for the reasons
explained for elements 1[b][5] and 1[b][6]. Supra §§ IV.C.2.h-1.

Z. Claim 10

The Yamamoto/Khatib combination discloses this limitation for the reasons
explained for element 1[b][4]. Supra § IV.C.2.g.

aa. Element 11[a]

The Yamamoto/Khatib combination discloses this limitation for the reasons
explained for element 1[a]. Supra § IV.C.2.b. Yamamoto additionally discloses that
its sensors detect a plurality of objects in the environment, as depicted in Figures 10,

21-23 where the robot controller considers multiple obstacles. Ex1003, 4213.
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1. Is there 2. Are there 3. Are there 4. Are there
enough space any other any obstacles  any obstacles
for robot to surrounding  that exist that exist
pass through obstacles in Area 3? in Area 1?
between the in a certain
obstacles that area?

Obstacles cause dead-lock? No ‘

(@) (b)

Ex1010, Fig. 22.

bb. Element 11[b]

The Yamamoto/Khatib combination discloses this limitation for the reasons
explained for element 1[b][4]. Supra § IV.C.2.g. A POSITA would have understood
that Yamamoto’s Equation (13) for determining the repulsive potential field
computes a “vector,” as claimed. Ex1003, §214.

cc. Claim 12

Yamamoto/Khatib discloses this limitation. Ex1003, §215. Khatib provides
Equation 16 for calculating repulsive force where the minimum of the force function

is zero. Ex. 1006, 92 (“artificial potential field Uax(X) . . . attains its zero minimum

when x = x4.”); Ex1003, 9215.
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1 1 1\ .
=370 Tm) 09 <1051

0 if /(x) > f(xo).

(16)

Ex1006, Equation 16.

dd. Claim 13

The Yamamoto/Khatib combination discloses this limitation for the reasons
explained for elements 1[b][4], 1[b][5]. Supra § IV.C.2.g, h; Ex1003, 9217.
Yamamoto discloses that repositioning of the route poses comprises translating and
rotating the first route pose, as depicted in Figure 24(b), which shows the “shows the

results of applying our technique in different deadlock conditions.” Ex1010, 433;

Ex1003, q218.
35 : H : s 5 H H : H 35 H H H : :
i i i MobideRpboti | i X Meobilé Robot i
-y.A..?.....-.L.......?A.....,?.A.. .y 'A...-...: 3 ST T . sonese »......g ....... .,. BN
SO0 O - p 11 RO P W - ti)bstz@cl’e‘sg'
- L - i 2 .................. i i i
E 15 bdord gl ‘;'E. 1.5 b=
- -~
..................... 1}
0.5 b 2
0 b-fiin dindl NGO i C
osh TE bbb bbb sl TR B b
-050 05 1 15 2 25 3 35 4 -050 05 115 2 25 3 35 4
X (m) X (m)
(a) (b)

Ex1010, Fig. 24 (illustrating “translating and rotating the first route pose” between

X=1 and 1.5); Ex1003, 9218.
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ee. Claim 14

The Yamamoto/Khatib combination discloses this limitation for the reasons
explained for element 1[b][6] and Claims 3 and 13. Supra §§ IV.C.2.i, 1, bb.

ff. Claim 15:

The Yamamoto/Khatib combination discloses this limitation for the reasons
explained for element 1[b][4]. Supra §§ 1V.C.2.g.
Yamamoto Equation 13 is a formula for computing repulsive forces relative

to the distance to the obstacle. Ex1003, 4221.

e aK

Uwep(K) =B (13)
Ex1010, Equation 13.

Variable “K” in Equation 13 “acts as a pseudo-distance from the obstacle,
becoming zero at the surface and increasing with successive contours away from the
surface.” Ex1010, 425. As such, the magnitude of the repulsive force is proportional
to the distance “if the point on the object is outside of the footprint of the first route

pose”; the greater the distance, the less the repulsive force. Ex1003, 4222.

gg. Claim 16:

The Yamamoto/Khatib combination discloses this limitation for the reasons

explained for element 1[b][4] and Claim 15. Supra §§ IV.C.2.g, cc.
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Yamamoto discloses where the closer the distance to the obstacle, the greater
the magnitude of repulsive force, including “if the point on the object is inside the

footprint of the first route pose,” as claimed. Ex1010, Equation 13.

e aK

Urep(K) = B—

(13)
Id., Equation 13.

A POSITA would have found it obvious to apply this equation where an
obstacle is inside the footprint of the robot. Ex1003, 9226.

hh. Claim 17:

The Yamamoto/Khatib combination discloses this limitation for the reasons
explained for element 1[b][4] and Claim 13. Supra §§ IV.C.2.g, aa. As shown in
Figure 24, the computed repulsive forces result in a torque being applied onto the
robot. As such, Yamamoto discloses “computing torque forces onto the plurality of
points of the first route pose due to the repulsive forces.” Ex1003, 4228.

ii. Element 18[pre]

To the extent the preamble is limiting, the Yamamoto/Khatib combination
discloses this limitation for the reasons explained for Claim 1. Supra §§ IV.C.2.a-1

ji- Element 18|a]

The Yamamoto/Khatib combination discloses this limitation for the reasons

explained for elements 1[a] and 1[b][1]. Supra §§ IV.C.2.b, d.
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kk. Element 18[b]
The Yamamoto/Khatib combination discloses this limitation for the reasons
explained for Claim 7 and elements 1[b][2], 1[b][3], and 9[b]. Supra §§ IV.C.2.e—
f,p, t.

11 Element 18|c]

The Yamamoto/Khatib combination discloses this limitation for the reasons
explained for element 9[c]. Supra § IV.C.2.u.

mm. Claim 19

The Yamamoto/Khatib combination discloses this limitation for the reasons
explained for Claims 10 and 18. Supra §§ IV.C.2.x, hh-kk.

nn. Claim 20

The Yamamoto/Khatib combination discloses this limitation for the reasons
explained for Claims 17 and 18. Supra §§ 1V.C.2.gg-kk.

D. Ground 4: Yamamoto in view of Khatib and Beardsley

1. Overview of Ground
a. Motivation to Combine Yamamoto with Khatib and
Beardsley

A POSITA would be motivated to combine Yamamoto with Khatib for the
reasons discussed above. Supra § 1V.C.1.b; Ex1003, 4236. A POSITA would be
further motivated to combine these references with Beardsley, which also uses the

potential field method for autonomous vehicle navigation. Ex1004, [0061] (“a
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potential field approach [] pushes the vehicle away from both static and dynamic
obstacles.”); Ex1003, 9236. A POSITA would have recognized that Beardsley’s
cleaning application would have been advantageous to combine with Yamamoto,
itself intended for robots in indoor environments. /d. A POSITA would have found
that a floor cleaner would be a useful and beneficial modification for an autonomous
robot for cleaning use. Id.

2. Detailed Analysis of Ground 4
b. Claim 8

Yamamoto/Khatib/Beardsley discloses this limitation for the reasons
discussed above. Supra §§ IV.A.2.q, IV.C.2.s. A POSITA would have modified
Yamamoto to include the cleaning robot disclosed in Beardsley for the reasons
discussed above. Supra § IV.D.1.a; Ex1003, 9237.

V. ENABLEMENT AND SECONDARY CONSIDERATIONS

The prior art references relied upon in this Petition are enabled.

In parallel litigation, Patent Owner asserted that this patent (along with four
other patents) generally solves a long-felt need, allowing it to become an industry
leader in autonomous robots and artificial intelligence. It identified a number of
awards and recognition in the industry and alleged that its products achieved

commercial success and industry recognition. Further, it alleges that Petitioners
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willfully infringed the asserted patents and copied Patent Owner’s
technology. Ex1014, 11-14. Petitioners deny the allegations.

Patent Owner’s vague allegations on long-felt need, commercial success,
industry recognition, and copying are untethered to the specific claims at issue in the
Challenged Patent. Patent Owner establishes no nexus between the claims and any
of the alleged secondary indicia of non-obviousness. Ex1003, 44233-34. Petitioners
disagree that these are evidence of secondary considerations of non-obviousness tied
to the Challenged Claims. To the extent Patent Owner alleges that any secondary
considerations of non-obviousness are tied to the Challenged Claims, Petitioners
may address such allegations in its reply. Where, as here, there is a strong showing
of obviousness, the Federal Circuit has held that even relevant secondary
considerations supported by substantial evidence do not dislodge the primary
conclusion of obviousness. Ohio Willow, 735 F.3d at 1344.

VI. CONCLUSION

There is a reasonable likelihood that the Challenged Claims are unpatentable.
Petitioners respectfully request that IPR be instituted and that all Challenged Claims

be found unpatentable.
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APPENDIX: CHALLENGED CLAIM LISTING

No. Limitation

I[pre] |A robot comprising:

I[a] |one or more sensors configured to collect data about an environment
including detected points on one or more objects in the environment;
and

1[b] [ controller configured to:

I[b][1] [create a map of the environment based at least in part on the collected
data;

1[b][2] (determine a route in the map in which the robot will travel,

I[b][3] |generate one or more route poses on the route, wherein each route pose
comprises a footprint indicative of poses of the robot along the route and
each route pose has a plurality of points disposed therein;

1[b][4] |determine forces on each of the plurality of points of each route pose,
the forces comprising repulsive forces from one or more of the detected
points on the one or more objects and attractive forces from one or more
of the plurality of points on others of the one or more route poses;

I[b][5] [reposition one or more route poses in response to the forces on each
point of the one or more route poses; and

1[b][6] [perform interpolation between one or more route poses to generate a
collision-free path between the one or more route poses for the robot to
travel.

2[a] [The robot of claim 1, wherein: the one or more route poses form a
sequence in which the robot travels along the route; and

2[b] the interpolation comprises a linear interpolation between sequential
ones of the one or more route poses.

3 The robot of claim 1, wherein the interpolation generates one or more

interpolation route poses having substantially similar footprints to the
footprint of each route pose.
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Limitation

The robot of claim 1, wherein the determination of the forces on each
point of the one or more route poses further comprises a computation of
a force function that associates, at least in part, the forces on each point
of each route pose with one or more characteristics of objects in the
environment.

The robot of claim 4, wherein the one or more characteristics includes
one or more of distance, shape, material, and color.

The robot of claim 4, wherein: the force function associates zero
repulsive force exerted by a first detected point on a first object where a
distance between the first detected point and a second point of a first
route pose is above a predetermined distance threshold.

The robot of claim 1, wherein the footprint of each route pose has
substantially similar size and shape as the footprint of the robot.

The robot of claim 1, wherein the robot comprises a floor cleaner.

A method for dynamic navigation of a robot in an environment,
comprising:

generating a map of the environment using data from one or more
Sensors;

determining a route on the map, the route including one or more route

poses, each route pose comprising a footprint indicative at least in part
of a pose and a shape of the robot along the route and each route pose

having a plurality of points disposed therein;

computing repulsive forces from a point on an object in the environment
onto the plurality of points of a first route pose of the one or more route
poses;

o[d]

repositioning the first route pose in response to at least the repulsive
forces; and

9[e]

performing an interpolation between the repositioned first route pose
and another of the one or more route poses.

10

The method of claim 9, further comprising determining attractive forces
from a point on another of the one or more route poses exerted on the
plurality of points of the first route pose.
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Limitation

11[a]

The method of claim 9, further comprising: detecting a plurality of
objects in the environment with the one or more sensors, each of the
plurality of objects having detected points; and

11[b]

defining a force function, the force function computing repulsive forces
exerted by each of the detected points of the plurality of objects on the
plurality of points of the first route pose, wherein each repulsive force
comprises a vector.

12

The method of claim 11, wherein the repositioning of the first route pose
comprises calculating a minimum of the force function.

13

The method of claim 9, wherein the repositioning of the first route pose
comprises translating and rotating the first route pose.

14[a]

The method of claim 9, wherein the performing of the interpolation
comprises: generating an interpolation route pose having a footprint
substantially similar to the shape of the robot; and

14[b]

determining a translation and rotation of the interpolation route pose
based at least on a collision-free path between the translated and rotated
first route pose and the another of the one or more route poses.

15

The method of claim 9, further comprising computing a magnitude of
the repulsive forces as proportional to a distance between the point on
the object and each of the plurality of points of the first route pose if the
point on the object is outside of the footprint of the first route pose.

16

The method of claim 9, further comprising computing a magnitude of
the repulsive forces as inversely proportional to a distance between the
point on the object and each of the plurality of points of the first route
pose if the point on the object is inside the footprint of the first route
pose.

17

The method of claim 9, further comprising computing torque forces onto
the plurality of points of the first route pose due to the repulsive forces.

18[pre]

A non-transitory computer-readable storage apparatus having a plurality
of instructions stored thereon, the instructions being executable by a
processing apparatus to operate a robot, the instructions configured to,
when executed by the processing apparatus, cause the processing
apparatus to:

18[a]

generate a map of an environment using data from one or more sensors;
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Limitation

18[b]

determine a route on the map, the route comprising one or more route
poses, each route pose comprising a footprint indicative at least in part
of a pose and a shape of the robot along the route and each route pose
having a plurality of points disposed therein; and

18[c]

compute repulsive forces from a point on an object in the environment
onto the plurality of points of a first route pose of the one or more route
poses.

19

The non-transitory computer-readable storage apparatus of claim 18,
further comprising one or more instructions, which when executed by
the processing apparatus, further cause the processing apparatus to
determine attractive forces from a point on another of the one or more
route poses exerted on the plurality of points of the first route pose.

20

The non-transitory computer-readable storage apparatus of claim 18,
further comprising one or more instructions, which when executed by
the processing apparatus, further cause the processing apparatus to
determine torque forces from a point on another of the one or more route
poses exerted on the plurality of points of the first route pose.
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