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L. INTRODUCTION

Meta Platforms, Inc.; Instagram, Inc.; WhatsApp LLC; Meta Platforms
Technologies, LLC; and GIPHY, Inc. (“Petitioners”) request inter partes review of
Claims 1-16 (“Challenged Claims”) of U.S. Patent No. 7,436,980 (EX1001, the
“’980 Patent”).

The Challenged Claims relate to the image processing field, and more
specifically, to a computer implemented method for the “detection and tracking of
objects in images,” such as video images. EX1001, 1:10-13. The 980 Patent
purportedly addresses a need for “a system and method of detecting and tracking an
object, implementing component detection and performing inference over space and
time.” EX1001, 1:22-24. But the claimed invention was already known in the prior
art. See, e.g., EX1004 (Sections VI, VIII). For example, the prior art included the
use of “spatio-temporal models” for object detection, including in the form of
graphical models. The prior art also disclosed “component detection” that measured
objects in video images as a collection of components and probabilistic frameworks
to detect and track objects. Accordingly, the Challenged Claims should be canceled

as obvious and unpatentable.
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II. MANDATORY NOTICES
A. Real Party-In-Interest

Meta Platforms, Inc., Instagram, Inc., WhatsApp LLC, Meta Platforms
Technologies, LLC, and Giphy, Inc. are real parties-in-interest.

B. Related Matters

The 980 Patent is asserted against Petitioners in litigation in the District of
Delaware, VideoLabs, Inc., et al. v. Meta Platforms, Inc. et al., Civil Action No. 1-
22-cv-00680 (D. Del.), filed May 24, 2022 (the “Delaware Action”). The Delaware
Action may affect, or be affected by, decisions in this proceeding. Nothing herein is
any endorsement of VideoLabs’ or VL Collective IP LLC’s position in any

litigation.
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C. Counsel and Service Information

Lead Counsel

Back-Up Counsel

W. Todd Baker (No. 45,265)
todd.baker@kirkland.com

Postal and Hand-Delivery Address:
KIRKLAND & ELLIS LLP

1301 Pennsylvania Avenue, N.W.
Washington, D.C. 20004
Telephone: (202) 389-3135
Facsimile: (202) 389-5200

Ellisen Shelton Turner (No. 54,503)
ellisen.turner@kirkland.com

Postal and Hand-Delivery Address:
KIRKLAND & ELLIS LLP

2049 Century Park East, 37th Floor
Los Angeles, CA 90067

Telephone: (310) 552-4200
Facsimile: (310) 552-5900

Jonathan D. Brit (No. 75,646)
jonathan.brit@kirkland.com

Postal and Hand-Delivery Address:
KIRKLAND & ELLIS LLP

601 Lexington Avenue

New York, NY 10022

Telephone: (212) 390-4209
Facsimile: (212) 446-4900

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

Petitioners concurrently submit a Power of Attorney, 37 C.F.R. §42.10(b), and

consents to electronic service to Meta VideoLabs@kirkland.com.

III. PAYMENT OF FEES

The undersigned authorizes the Office to charge to Deposit Account No.

506092 the 37 C.F.R. §42.15(a)(1) fee and any additional fees due for this Petition.

IV. CERTIFICATION

Petitioners certify under Rule 42.104(a) that the 980 Patent is available for

IPR and that Petitioners are not barred or estopped from requesting an IPR of the
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Challenged Claims on the grounds identified. Petitioners certify: (1) Petitioners do
not own the 980 Patent; (2) Petitioners (or any real party-in-interest) have not filed
a civil action challenging the validity of any 980 Patent claim; (3) Petitioners filed
this Petition within one year of the date they were served with a complaint asserting
infringement of the *980 Patent; (4) estoppel provisions of 35 U.S.C. §315(e)(1) do

not prohibit this IPR; and (5) this Petition is filed after the 980 Patent was granted.
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V. OVERVIEW OF CHALLENGE AND RELIEF REQUESTED
A. Prior Art

The earliest potential effective filing date of the 980 Patent’s claims is May
27, 2004.! Petitioners’ challenge is based on the following prior art, for which a
detailed overview is provided in the Declaration of Dr. Bajaj, which is incorporated
by reference. EX1004, Section VIII (Overview of the Prior Art).

1. “Dressed Human Modeling, Detection, and Parts Localization” by
Liang Zhao (“Zhao”) (EX1006), is a dissertation submitted to The Robotics
Institute of Carnegie Mellon University. See EX1006, 1. Zhao is dated July 26, 2001,
and was publicly available no later than September 23, 2002. See EX1013, 3 (“the
Zhao Dissertation would have been accessible to the public at the Engineering &
Science Library by September 23, 2002”). Zhao was also stored in the ProQuest
repository and publicly available at least as early as June 25, 2002. See EX1014, 3
(“Date first made available for sale (print or electronic)[:] 06/25/2002”"). Thus, Zhao
is prior art under at least pre-AIA 35 U.S.C. §102(a) and (b).

2. U.S. Patent No. 6,301,370 (“Steffens”) (EX1007), filed on December
4, 1998, and granted on October 9, 2001, is prior art under at least pre-AIA 35 U.S.C.

§102(e).

' Petitioner reserves the right to challenge the May 27, 2004 priority date or any

evidence of prior invention.
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3. U.S. Patent No. 7,200,266 (“Ozer”) (EX1008), filed on August 27,
2003, and granted on April 3, 2007, is prior art under at least pre-AIA 35 U.S.C.
§102(e).

4. “Tracking Loose-limbed People” by Leonid Sigal, Sidharth Bhatia,
Stefan Roth, Michael J. Black, and Michael Isard (“TLP”) (EX1009), was
widely disseminated and made publicly available for the IEEE Computer Society
Conference on Computer Vision and Pattern Recognition by at least April 9, 2004.
EX1004, 9965-66; see also EX1010, 1 (“Deadline for Manuscript Submission: 9th
April, 2004”). Further, TLP was disclosed during prosecution (EX1002, 37-48) and
is cited as prior art on the face of the 980 Patent and its provisional application.
EX1001, 1 (“OTHER PUBLICATIONS...Tracking loose-limbed people, CVPR,
2004); EX1003, 12 (“References... Tracking Loose-limbed People, CVPR, 2004.”).
Accordingly, TLP is prior art under at least pre-AIA 35 U.S.C. §102(a).

B. Relief Requested

Petitioners request cancellation of the Challenged Claims as follows:

Ground Claims Proposed Statutory Rejection
I 1-16 Obvious under §103 over Zhao
II 1-16 Obvious under §103 over Steffens in view
of Zhao
111 1-16 Obvious under §103 over Ozer in view of
Zhao
1\ 1-16 Obvious under §103 over TLP
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VI. NO DISCRETIONARY DENIAL
A. No Prior Petition

Neither the Petitioners nor anyone else have filed any IPR or PGR petitions
against the 980 Patent. Thus, there is no basis for the Board to exercise its discretion
under 35 U.S.C. §314(a) and 37 C.F.R. §42.108(a).

B. The Presented Grounds Are Dissimilar to the Previous Art and
Arguments

The four grounds in this Petition have not been previously applied against the
Challenged Claims, and each ground favors institution under the factors of 35 U.S.C.
§325(d).

Ground I: Ground I favors institution because it presents new art and
argument not previously considered by the examiner. Indeed, Ground I is a single
reference ground based on Zhao, which was not cited, let alone applied, during
prosecution. Further, the obviousness arguments based on Zhao are substantially
different than what the Patent Office considered. As described below, Zhao alone
renders the Challenged Claims obvious based on its teachings of both a spatio-
temporal model and its probabilistic framework for detecting an object, whereas the
Patent Office only considered references that each disclosed some but purportedly
not all aspects of the Challenged Claims.

Ground II: Ground II, which combines Steffens with Zhao, further favors

institution. Like Zhao, Steffens was not considered or cited during prosecution, and
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the combined teachings of Steffens and Zhao presents arguments different than the
art at issue during prosecution. Here, each reference describes the use of a spatio-
temporal model and teaches the use of similarity measures to perform object
detection, which a POSITA would have been motivated to combine. See Section
X.B.1 (Motivation to Combine). By contrast, the Patent Office only considered art
where “the object detection algorithms in [the] two references are vastly different”
such that a POSITA would not have been motivated to combine them. EX1002, 163.

Ground III: Ground III, which combines Ozer and Zhao, also favors
institution. During prosecution, the Patent Office only considered Ozer in view of
Cham, determining that “the object detection algorithms in [the] two references are
vastly different” such that they would not have been combined. /d. By contrast, Ozer
and Zhao each describe closely related object detection algorithms, with both
teaching spatio-temporal models and similarity measures to perform object
detection, which a POSITA would have been motivated to combine. Institution is
also favored because when allowing the Challenged Claims, the Patent Office did
not have the benefit of the new references raised in this Petition (Zhao), as well as
the aid of expert testimony that Petitioner provides from Dr. Bajaj.

Ground IV: Ground IV, based off TLP, favors institution. While TLP is cited
in an IDS, the examiner did not discuss TLP and failed to apply it. Indeed, as

described below in Section X, TLP renders each of the Challenged Claims obvious
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and is substantially different than the Ozer and Cham combination discussed by the
examiner. Moreover, to the extent the examiner is believed to have considered TLP
when allowing the Challenged Claims, the examiner did not have the benefit of any
expert testimony, which Petitioner now provides from Dr. Bajaj.

C. Efficiency, Fairness, and the Merits Support Institution

Pursuant to the Interim Procedure for Discretionary Denials in AIA Post-
Grant Proceedings with Parallel District Court Litigation (June 21, 2022) (“Vidal
Memo”), the Board should not exercise its discretion under §314(a) considering the
Delaware Action, since the Fintiv factors support institution. Further, the Petition
presents compelling evidence of unpatentability.

Factor 1: Institution will enable the Board to resolve patentability and if the
Challenged Claims are deemed unpatentable, it would relieve the Court of the need
to continue with that issue.

Factor 2: The Board will very likely issue its Final Written Decision before a
trial occurs in the Delaware Action, where no answer has been filed, no discovery
has taken place, no claim construction proceedings have occurred, and no scheduling
order or trial date have been set.

Factor 3: All major case milestones in the Delaware Action are yet to occur,

and deadlines for them have not been set, such that substantial work remains in the



Petition for Inter Partes Review of U.S. Patent No. 7,436,980

Delaware Action. Indeed, the Delaware Action remains in its infancy at the pleading
stage.

Factor 4: Petitioners stipulate in the Delaware Action that, if this IPR is
instituted, Petitioners will not pursue invalidity of the Challenged Claims on the
actual grounds raised in this IPR. Although not as broad as a Sotera type stipulation,
the Board has concluded—subsequent to the Vidal Memo—that a Sand Revolution
type stipulation effectively addresses the risk of duplicative efforts. Apple Inc. v.
Aire Tech. Ltd., No. IPR2022-01136, Paper 11 (P.T.A.B. January 4, 2023) (citing
Sand Revolution II, LLC v. Continental Intermodal Grp. Trucking LLC, No.
IPR2019-01393, Paper 24 at 11-12 (P.T.A.B. June 16, 2020) (informative)).

In addition, claims 1-16 are challenged in this Petition, but only claim 1 is
asserted in the Delaware Action. The Board should address the validity of the
additional claims for the public’s benefit. See Google LLC v. EcoFactor, Inc.,
IPR2021-01578, Paper 9 (P.T.A.B. Mar. 18, 2022).

Factor 5: The parties have no similarity, but in view of the other Fintiv
factors—which heavily weigh against the Board’s exercise of §314(a) discretion—
the parties’ similarity is of limited weight.

Factor 6: This Petition’s merits are strong, which weighs against the Board
exercising its discretion under §314(a). Sand Revolution 11, LLC, IPR2019-01393,

Paper 24 at 13. Further, the petition presents compelling evidence of unpatentability

10
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such that “the evidence, if unrebutted in trial, would plainly lead to a conclusion that
one or more claims are unpatentable by a preponderance of the evidence.” Vidal
Memo at 4. Accordingly, the Board should not deny institution under Fintiv.
ok

“Considering the Fintiv factors as part of a holistic analysis,” it would run
counter to “the interests of the efficiency and integrity of the system” if this Board
were “to deny institution of a potentially meritorious Petition.” Sand Revolution I,
LLC, IPR2019-01393, Paper 24 at 14. Thus, the Board should decline to exercise its
discretion under § 314(a).

VII. THE °980 PATENT

An overview of the 980 patent, including a summary of the technology,
claims, and prosecution history is provided in the Declaration of Dr. Bajaj. EX1004,
Section VI.

VIII. Person of Ordinary SKkill in the Art

A POSITA at the time of the 980 Patent would have had a bachelor’s degree
in computer science, computer engineering, computer vision or visualization, or an
equivalent field, and approximately two years of experience in software
development for computer vision applications. EX1004, 416. Additional education

might compensate for less experience, and vice-versa. /d.

11
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IX. CLAIM CONSTRUCTION

For purposes of this petition only, Petitioners present no terms for
construction. Although the parties have not reached the claim construction stage in
the Delaware Action, it appears that Patent Owner may seek to construe the term
“spatio-temporal model.” In Patent Owner’s opposition to a motion to dismiss under
Section 101, Patent Owner contended:

The *980 patent’s spatio-temporal model is a graphical

model with nodes that correspond to each of the collection

of components and to the object.
EX1043, 6. While Petitioners offer no position at this time on the construction of
this term, the Asserted Grounds render the Challenged Claims unpatentable even

under Patent Owner’s purported construction.

X.  SPECIFIC GROUNDS FOR PETITION

In the *980 Patent, Claims 1-8 are substantially identical to Claims 9-16.
Claim 1 mirrors Claim 9 except for the preamble. The preamble of Claims 1 and 9
are substantively similar, except that Claim 1 recites “[a] computer implemented
method for object detection” whereas Claim 9 recites “[a] computer readable
medium embodying a computer program to perform method steps for object
detection.” Claims 2-8 mirror Claims 10-16, respectively, except Claims 2-8 depend
on Claim 1 whereas Claims 10-16 depend on Claim 9. Accordingly, the mirrored

claims and elements are addressed together in the discussion of each ground. Further,

12
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when addressing a dependent claim, the analysis from any independent claim that it
depends on is incorporated by reference.

A. Ground I: Zhao Renders Claims 1-16 Obvious
1. Claims 1/9
a. Element 1/9[preamble]

Zhao disclosed this element or at least rendered it obvious. EX1004, 470-73.

Zhao describes a method for object detection in the field of computer vision.
EX1006, 17 (“This dissertation presents an integrated human shape modeling,
detection, and body part localization vision system.”); 97 (“This thesis has addressed
several computer vision problems...”). As such, a POSITA would have understood
Zhao to describe a “computer implemented method” for objection detection. /d., 19
(“Because humans are a class of objects with articulated parts and deformable
shapes, research of human detection and body part localization will...shed light on
general object detection and shape analysis.”). A POSITA would have understood
this to further include “a computer readable medium embodying a computer
program” to perform its method for object detection. EX1004, 972.

Accordingly, Zhao disclosed this element or at least rendered it obvious.
EX1004, 9970-73.

b. Element 1/9[a]

Zhao disclosed this element or at least rendered it obvious. EX1004, 74-86.

To detect objects, Zhao uses an object model that takes the form of a “human model”

13
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for a human to be detected. EX1006, 17-18, 31 (“Human modeling is an essential
part of model-based human detection.”). The use of this model is illustrated in the

flow chart of Figure 1.9:

image

Contour Detection Contour Alignment

and Decomposition

detected contours updated contours \
———————————————————————————————————————————————————————————————
I
I
I

Part Identification Contour Updating

R ~

Human Detection

T Human Model

Figure 1.9: Flow chart of the RCR algorithm

EX1006, 26. The human object model described in Zhao—which includes spatial
and temporal elements—disclosed or at least rendered the claimed ““spatio-temporal
model” obvious. EX1004, §75.

With respect to the “spatial” element, the *980 Patent itself does not contend
that incorporating spatial elements into an object model is a point of novelty, as it
was ‘“common to represent objects as collections of features with distinctive
appearance, spatial extent, and position.” EX1001, 1:14-19. Indeed, a POSITA
would have found it obvious for a model for an object to be detected to include

spatial elements. EX1004, 476. Further, Zhao discloses that its “model is designed

14
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to encode the shapes of the body parts and the context information—the size and
spatial relationships between body parts.” EX1006, 69. Specifically, Zhao uses the
spatial relationships between body parts as part of its model for a human to be
detected in the form of four model matrices: (1) an aspect ratio vector, (2) a length
ratio matrix, (3) a relative position vector, and (4) an orientation or posture vector:

Assuming that the human body model consists of m body parts that are

parameterized with vectors f;, 1>, ..., fu, Where fi = (a;, [;, xi, yi, 0;). Then

the human body model is parameterized with four model matrices: the

aspect ratio vector 4 = {aj, ..., an/}, the length ratio matrix S = {s;;}, i, j

= 1, ..., m, where s; = l/l;, the relative position vector X = (x;, yi, ...,

Xm, Ym), and the orientation or posture vector @ = {0, ..., On}.
EX1006, 43. Accordingly, the “spatial” element of the claimed “spatio-temporal
model” was disclosed or at least rendered obvious to a POSITA. EX1004, 77.

Zhao also disclosed or at least rendered obvious the claimed “spatio-temporal
model” by incorporating temporal elements into its object model. As Zhao
recognizes, numerous prior art methods include “motion-based” recognition
procedures using “a sequence of images” for identification. EX1006, 82; see also
EX1003, 5 (prior art methods for object detection included “temporal propagation™).
In other words, it would have been known to a POSITA to incorporate temporal
elements into an object model for an object to be detected by incorporating
information measured from multiple image frames. See EX1004, q978-79 (citing

EX1011 at 1, 9, “Generating Spatiotemporal Models from Examples” which details

an approach for generating spatiotemporal models that “allow[] accurate temporal
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extrapolation” and have “uses for tracking, recognition and data compression of
deformable or articulated objects undergoing complex motions.”).

Accordingly, Zhao’s “RCR algorithm is useful for vision tasks such as object
tracking as well by incorporating motion information into the model.” EX1006, 99.
When detecting humans, Zhao explains that overlapping body parts can create
ambiguity and be confused with one another. As such, “[m]otion information
obtained from previous frames can be used to predict the orientations of the limbs

and to solve the ambiguity.” EX1006, 91. Figure 5.6 presents a full cycle of a
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EX1006, 94. According to Zhao, no motion information is used in the first half of

walking person:

the cycle, “while in the second half of the cycle, the prediction from previous frames
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(constant angular velocity is assumed) is used to get better results of body part

localization.” EX1006, 92.

Figure 5.5 illustrates the effect of incorporating temporal motion information

in Zhao’s system and demonstrates the change of angle at a subject’s knee with time:
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Figure 5.5: The change of angle at the knee with time

EX1006, 93. In the beginning (i.e., frames 1-30), the left and right legs are
sometimes confused so the knee angle is not well observed, but by incorporating
motion information into the model (i.e., frames 31-190), “an obvious pattern of
walking cycle can be observed.” EX1006, 92. (“[M]otion information is not used
from frames 1 to 30, but is from frames 31 to 190.”). Accordingly, a POSITA would
have found the claimed “spatio-temporal model for an object to be detected” to be
disclosed or at least rendered obvious in view of Zhao, as its model incorporates

temporal elements for an object to be detected. EX1004, 482.
17
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Further, to the extent the term “spatio-temporal model” is construed as “a
graphical model comprising nodes corresponding to each of the collection of
components and to the object,” Zhao still disclosed or at least rendered this element
obvious. EX1004, 483. As an initial matter, a POSITA would have understood that
graphical models for object detection were known in the prior art long before the
’980 Patent. See, e.g., EX1006, 52 (“Pope and Lowe [prior art] modeled an object
with a graph whose nodes represent the feature values and whose edges represent
the spatial arrangement (symmetric, parallel) of the features.”); EX1004, 983.
Indeed, the 980 Patent admits to not having invented graphical models. EX1003, 5
(“We should note that the use of graphical models and belief propagation is not novel
for object detection.”).

Further, a POSITA would have found this element disclosed or at least
obvious in view of Zhao, as Zhao’s object model is also described as a graphical
model with nodes corresponding to an object and a collection of its components.
EX1004, 984. As Zhao explains with respect to human models, “[e]ach human body
model consists of six main body parts (the head, the torso, two arms and two legs)
and twelve subparts of the four limbs. The body parts are constrained to connect to
each other at the joints.” EX1006, 42. The body model is defined as a graphical

model that’s comprised of “ribbons” for these body parts, as shown in Figure 2.6(a):
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Figure 2.6: (a) Body part model (b) “connect-to” hierarchy

EX1006, 42 (“The body parts are modeled with ribbons as shown in Fig. 2.6(a)”)
(citations omitted). The ribbons are defined as graphical representations of a
human’s body parts and act as “nodes” corresponding to each of the collection of
components and to the object.

Further, the Zhao object model incorporates a “coarse-to-fine modeling of
human shapes” that merges multiple body parts. These “merged parts are also

modeled with ribbons.” EX1006 at 46. Figure 2.7 of Zhao illustrates this procedure:
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Figure 2.7: Generating merged body parts

EX1006, 45. In doing so, Zhao’s object model can handle the challenging problem
of “shape variation from clothing,” which “may drastically change the appearance
of'a person.” EX1006, 45-46. Accordingly, Zhao’s object model, which is a “coarse-
to-fine” model, includes “levels between the whole body [i.e., the object] and the
major body parts to include the merged body parts [i.e., the collection of

components],” as illustrated in Figure 2.8 of Zhao:

oFs)

Figure 2.8: Assembling the human models

20



Petition for Inter Partes Review of U.S. Patent No. 7,436,980

EX1006, 46; 48 (“all parts are organized in a hierarchy to facilitate coarse-to-fine
shape decomposition and classification”).

A POSITA would have found the purported spatio-temporal model to be
disclosed or at least rendered obvious in view of Zhao, as the “ribbons” serve as
“nodes” that correspond to each of the collection of components (i.e., ribbons
corresponding to component body parts) and the object (i.e., ribbons corresponding
to merged parts). EX1004, q86.

c. Element 1[b]

Zhao disclosed this element or at least rendered it obvious. EX1004, §87. Zhao
describes a “human shape modeling, detection, and body part localization vision
system,” which is used on image data including in videos. EX1006, 17, 41 (“the goal
of this thesis is to detect people in an image”), 62 (depicting people and body parts
detected in a “raw image.”). In one embodiment, Zhao applies its system as part of
a “pedestrian detection system” which “has been tested on the videos of urban areas
obtained from a stereo system mounted on the top of a minivan.” EX1006, 84-85. A
POSITA would have understood a video to comprise a plurality of images. EX1004,
87. Figure 1.9 illustrates providing this video image data (i.e., comprising a

plurality of images) that includes the object:
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EX1006, 26. Further, Figure 5.4 illustrates Zhao’s detection method used on a

series of image frames (i.e., video) of a person walking:
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1d, 92. Accordingly, Zhao disclosed or at least rendered this limitation obvious.

EX1004, 987.
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d. Element 1|c]
Zhao disclosed this element or at least rendered it obvious. EX1004, q488-90.

To measure the object in each image, Zhao begins with the step of “contour detection

and decomposition” as illustrated in the flow chart of Figure 1.9:
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Figure 1.9: Flow chart of the RCR algorithm

EX1006, 26. Contour detection is the process of extracting silhouettes of objects.
EX1004, 988. As Zhao recognizes, contour detection is “commonly used to
overcome variable texture” and “many contour extraction methods have been
proposed” in the prior art. EX1006, 20. After extraction, Zhao decomposes the

contours or silhouettes into their component parts, as illustrated in Figure 2.4:

23



Petition for Inter Partes Review of U.S. Patent No. 7,436,980
Figure 2.4: Example results of natural shape decomposition

EX1006, 40. Zhao then performs part identification and human detection. EX1006,
25-26. Accordingly, Zhao measures the object as “a collection of components.”
EX1004, q88. Indeed, Zhao describes a “coarse-to-fine search procedure to identify
and locate the body parts” (EX1006, 57) where components have an associated state
vector defining the component’s position and scale within an image. EX1006, 43
(“In summary, a body part is parameterized with a vector (a, /, x, y, 0), where a = w
/1 is the aspect ratio that captures the general shape of a ribbon, (x, y) are the
coordinates of the origin in the coordinate frame of the parent part, and 6 is the
intersection angle between the major axes of this part and its parent part.”). This
matches the specification of the *980 Patent, which explains that nodes representing
an object’s components “have an associated state vector X'=(x,y,s) defining the

component’s real-valued position and scale within an image.” EX1001, 3:50-52.
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Accordingly, this element was disclosed or at least rendered obvious.
EX1004, 9989-90.

e. Element 1[d]

Zhao disclosed this element or at least rendered it obvious. EX1004, q991-97.
After measuring an object as a collection of components, Zhao determines the
probability that the object is in each image. To do so, Zhao employs a “Bayesian
Similarity Measure,” which is a “part-based similarity measure [that] evaluates the
resemblance between a contour and a model based on the best match between their
body parts.” EX1006, 54; EX1004, q991-92.

Zhao begins with “[a] simple decision rule to perform human detection” that
calculates the probability the “contour C corresponds to a person” in each image:

P(person\C) > threshold.
EX1006, 64; EX1004, 993. By applying Bayes’ theorem and conditioning the
hypothesis for body part identification, determining the probability that a contour
corresponds to a person (i.e., determining a probability that the object is in each
image) is re-formulated as:
P(C|H*, person) P(person|H*)

where H* is the optimal or best hypothesis that a contour matches the human model.

EX1006, 64-65; EX1004, 993.
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P(C|H, person) represents “the degree of resemblance between the matched

pairs.” EX1006, 55. “The likelithood P(C

H, person) derived above constrains the
best match between the set of decomposed ribbons and the model body parts to be
of similar relative sizes and positions as well as similar aspect ratios.” EX1006, 56.
P(person|H) is “proportional to the number of identified body parts—the more body
parts being identified, the more likely the extracted contour is a person.” EX1006,
55. “The conditional probability P(person|H) is estimated based on the number and
types of the identified body parts. The more body parts being identified, the more
likely the extracted contour is a person. And the presence of a fine level body part
indicates a higher likelihood of the presence of a person than that of a coarse level

body part does.” EX1006, 56. “[T]he following formula is designed to estimate

P(person|H)”:

P(person|H) = Z d;w; (3.7)
EX1006, 56.
Accordingly, a POSITA would have recognized that Zhao disclosed this
element or at least rendered it obvious. EX1004 at 991-97.

f. Element 1]e]

Zhao disclosed this element or at least rendered it obvious. EX1004, 98-
100. After determining the probability that the object is in each image, Zhao

compares the probability to a threshold to detect the object (i.e., a human). Zhao
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explains the “human detection problem” as “given a detected contour C, determine
whether this contour represents the silhouette of a person or not.” EX1006, 64.
Accordingly, Zhao begins with a simple decision rule to detect a human that
compares the probability of an extracted contour matching a person with a threshold:
“the contour C corresponds to a person if
P(person|C) > threshold.
Otherwise, C is not a person.” EX1006, 64. By applying Bayes’ formula and
conditioning the hypothesis for body part identification, the decision rule is
reformulated as: “the contour C corresponds to a person if
P(C|H* person)P(person|H*) > threshold

EX1006, 65; EX1004, 9998-99.

Accordingly, a POSITA would have understood that Zhao disclosed or at least
rendered this element obvious. EX1004, 9998-100.

2. Claims 2/10
Zhao disclosed or at least rendered obvious Claims 2/10. EX1004, 99101-103.

As described above for element 1/9[a], Zhao discloses a “‘spatio-temporal
model” for an object to be detected. Zhao further teaches the use of detectors for
each of the collection of components. For example, to detect body parts (i.e., the
collection of components), Zhao explains that its method employs detection

algorithms that match decomposed body parts against a “set of model body parts.”
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EX1006, 54. Further, “P(C|H, person) evaluates the degree of resemblance between
the matched pairs, while P(person|H) is proportional to the number of identified
body parts—the more body parts being identified, the more likely the extracted
contour is a person.” EX1006, 55. Accordingly, it was known to a POSITA for a
spatio-temporal model for an object to be detected to be comprised of “detectors”
where each of the collection of components (i.e., body parts) is matched with a “set
of model body parts.” EX1004, §102. As such, Claims 2/10 were disclosed or at
least rendered obvious.

3. Claims 3/11

Zhao disclosed or at least rendered obvious Claims 3/11. EX1004, 99104-105.

Further, the additional requirement of Claim 3/11—"wherein the spatio-
temporal model is a graphical model comprising nodes corresponding to each of the
collection of components and to the object”—matches the Patent Owner’s purported
construction of the term “spatio-temporal model.” Accordingly, Claims 3/11 were
disclosed or at least rendered obvious for the same reasons discussed for element
1/9[a] and said purported construction. As described above, a POSITA would have
found the purported spatio-temporal model to be disclosed or at least rendered
obvious in view of Zhao as it describes a graphical model where “ribbons” serve as
“nodes” that correspond to each of the collection of components (i.e., the component

body parts) and the object (i.e., the merged parts that form a human). EX1004, 4105.
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4. Claims 4/12

Zhao rendered Claims 4/12 obvious. EX1004, §9106-110.

As described above in Claim 1, Zhao determines the probability that an object
is in each image based on identified body parts. EX1004, 4107. But Zhao states that
in detecting objects, overlapping body parts can create ambiguity and be confused
with one another. So, “[m]otion information obtained from previous frames can be
used to predict the orientations of the limbs and to solve the ambiguity.” EX1006,
91. Accordingly, a POSITA would have understood that Zhao describes a method
of detecting an object in a current image according to measurements of the object as
a collection of components from other image frames. EX1004, 49107-108. Notably,
analyzing data in image frames from video by using measurements from adjacent
frames, including previous and later frames, was widespread and commonly
understood in image processing. EX1004, 4109. Accordingly, while Zhao explicitly
describes this principle by detecting an object according to measurements of the
object as a collection of components determined from a “prior image,” a POSITA
would have further understood that doing so with a “later image” too would have
been obvious. EX1004, 9106-110.

As such, Claims 4/12 would have been obvious.
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5. Claims 5/13

Zhao disclosed or at least rendered obvious Claims 5/13. EX1004 at §4111-
115.

As described above for element 1/9[a], and for Claim 4/12, Zhao describes a
spatio-temporal model for an object to be detected and tracked. Zhao states that in
detecting objects, overlapping body parts can create ambiguity and be confused with
one another. So, “[m]otion information obtained from previous frames can be used
to predict the orientations of the limbs and to solve the ambiguity.” EX1006, 91.
Accordingly, a POSITA would have known to define a “temporal window” in view
of Zhao’s teachings to look to measurements from “previous frames.” EX1004,
q112. Indeed, a POSITA would have known that a widespread and common
technique in image processing was to define a temporal window of image frames to
analyze data. Id. Using measurements in that temporal window for analyzing the
current image was also known. /d.

Further, a POSITA would have understood that measurements of the object’s
components within that temporal window (i.e., a window of the “previous frames”)
are passed to components detected in the current image. EX1004, 4113. Figure 5.5
illustrates the effect of passing measurements of components detected in the
temporal window (i.e., the window of previous frames) in Zhao’s system and

demonstrates the change of angle at a subject’s knee with time:
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Figure 5.5: The change of angle at the knee with time

EX1006, 93.

In the beginning (i.e., frames 1-30), the left and right legs are sometimes
confused so the knee angle is not well observed, but by incorporating motion
information into the model (i.e., frames 31-190), “an obvious pattern of walking
cycle can be observed.” EX1006 at 91-92 (“[M]otion information is not used from

frames 1 to 30, but is from frames 31 to 190.”). As another example, Figure 5.6

presents a full cycle of a walking person:
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EX1006 at 94. According to Zhao, no motion information is used in the first half of

the cycle, “while in the second half of the cycle, the prediction from previous frames

(constant angular velocity is assumed) is used to get better results of body part

localization.” EX1006, 92. As such, measurements of the body parts from previous

frames (i.e., the “prediction from previous frames™) are passed to the components

detected in the current frame. Id.

Accordingly, Claims 5/13 were disclosed or at least rendered obvious.

EX1004, §9111-115.

6. Claims 6/14

Zhao disclosed or at least rendered obvious Claims 6/14. EX1004 at q116-

117.

32



Petition for Inter Partes Review of U.S. Patent No. 7,436,980

As described above for element 1/9[d], Zhao describes determining the
probability that an object is in each image. In determining said probability, Zhao
states, “[t]he above probability distributions provide metrics to evaluate the shape,
size relationship, and configuration similarities between the detected contour and
the human body model.” EX1006 at 45. A POSITA would have understood that the
metrics of Zhao used to evaluate the shape, size relationship, and configuration are
equivalent to the determination of a probability for a position and a size of the object
in each image as required by claims 6/14. EX1004 at 4117.

7. Claims 7/15

Zhao disclosed or at least rendered obvious Claims 7/15. EX1004 at q118-
119.

As described above for element 1/9[e], Zhao uses a threshold as part of its
probabilistic framework for detecting an object. Zhao additionally explains that this
threshold can be selected empirically based on an “ROC curve” and the rate of false
detections “generated by testing the RCR algorithm on 20 sequences (100

frames/sequences) of urban street scenes,” as illustrated in Figure 5.1:
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Figure 5.1: The ROC curve for threshold selection

EX1006, 84-85. By basing the threshold off the rate of false detections, which was
measured by applying and testing the system, a POSITA would have understood that
the threshold is determined “empirically.” A POSITA would have understood that
“empirical” results are those that are determined through experimentation or
observation, as opposed to theoretical or arbitrary measures. EX1004, 9119.
Accordingly, a POSITA would have understood that Zhao describes that the
threshold may be determined empirically. /d.

8. Claims 8/16
Zhao rendered Claims 8/16 obvious. EX1004 at §9120-122.

As described in Section X.A.l. (elements 1/9[d]-[e]), Zhao presents a
probabilistic framework for a spatio-temporal model. Accordingly, the joint
probability used in Zhao, and known to a POSITA, is easily representable in the
form of the joint probability distribution formulated by Claim 8. See EX1004, 121
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(“The equation represents a typical factorized form of the joint probability
distribution P (....) for a graphical model G of an object O with state X at time
frame i of the video and {k = 1..N} components state X ic—k.”). This form of the joint

probability would have been known to a POSITA as a pairwise Markov field

representation of a spatio-temporal graphical model. /d. (citing EX1012 Sudderth,

Sec 2.1).
B. Ground II: Steffens In View Of Zhao Renders Claims 1-16
Obvious
1. Motivation to Combine

Steffens teaches a method for object detection in video images. EX1007, 1:14-
17. Zhao similarly concerns object detection in the field of computer vision.
EX1006, 17 (“This dissertation presents an integrated human shape modeling,
detection, and body part localization vision system.”); 97 (“This thesis has addressed
several computer vision problems...”). Because Steffens and Zhao each concern
object detection, a POSITA would have naturally looked to and combined their
complementary teachings. EX1004, q9123-124. Indeed, the similarities between
Steffens and Zhao are substantial, such that a POSITA would have had reasonable
expectation of success in combining Steffens and Zhao, as they both describe similar
methods and algorithms for object detection, including through the use of spatio-
temporal models. /d. Further, Zhao explains that its object detection “will also shed

light on general object detection and shape analysis,” such that a POSITA would
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have had a reasonable expectation of success in applying its teachings to frameworks
for detecting other types of objects, such as faces in Steffens. /d.

As part of its method for object detection, Steffens describes “identifying the
object based on a similarity” between an image and a corresponding model. EX1007,
Claim 13; see also 7:63-67 (“The search for optimum similarity may be performed
by positioning the model graph in the upper left hand corner of the image, extracting
the jets at the nodes, and determining the similarity between the image graph and the
model graph.”). But Steffens does not precisely explain how an object is identified
based on a similarity measure; just that “confidence values”...“indicate the reliability
of face detection and which are generated during bunch graph matching.” EX1007,
5:12-13. As a POSITA would have known, similarity measures may include
probabilistic frameworks for identifying objects. EX1004, q125. One such
“similarity measure” is expressly described in Zhao as a “Bayesian Similarity
Measure,” which “combines the local and global relationship constraints into a
single equation to evaluate the degree of resemblance.” EX1006, 25. Like Steffens,
Zhao describes a method where an object is identified based on a similarity between
an image and a corresponding model (i.e., “the resemblance between a contour [of
an object in an image] and a model”). EX1006, 54. Accordingly, POSITA would

have been motivated to combine Zhao’s probabilistic “Bayesian Similarity

Measure” with Steffens and would have had a reasonable expectation of success, as
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Zhao is elaborating and improving on a method already contemplated by Steffens.
EX1004, 9125.

2. Claims 1/9
a. Element 1/9[preamble]

This element was disclosed or at least rendered obvious over Steffens in view
of Zhao. EX1004, q9127-128. As an initial matter, this element was disclosed or at
least rendered obvious by Zhao, as described above for Ground I and incorporated
by reference.

Further, Steffens disclosed or at least rendered this element obvious. EX1004,
9128. According to Steffens, its “present invention relates to vision-based object
detection and tracking, and more particularly, to systems for detecting objects in
video images, such as human faces, and tracking and identifying objects in real
time.” EX1007, 1:14-17. As a system and method relating to object detection for
video images, a POSITA would have understood Steffens to describe a computer
implemented method for object detection. EX1004, 4128. A POSITA would have
understood this to further include “a computer readable medium embodying a

computer program” to perform that method. EX1004, 9q128; EX1007, 4:55-61
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(describing image recognition process of the invention being implemented in either
“program code” stored in RAM or “application specific hardware”).

b. Element 1/9]a]

This element was disclosed or at least rendered obvious over Steffens in view
of Zhao. EX1004, q9129-137. As an initial matter, this element was disclosed or at
least rendered obvious by Zhao, as described above for Ground I and incorporated
by reference.

Steffens further disclosed or at least rendered this element obvious. EX1004,
9130. As part of its method for object detection, Steffens provides a model for an
object to be detected, which is a “spatio-temporal model.”

First, with respect to the “spatio” element, Steffens explains that, for its model
for an object to be detected, “the nodes of the labeled graph refer to points on the
object and are labeled by jets,” and “[e]dges of the graph are labeled with distance
vectors between the nodes.” EX1007, 8:58-60. Further, “[n]Jodes and edges define
the graph topology. Graphs with equal geometry may be compared.” EX1007, 60-
62. Accordingly, a POSITA would have understood that Steffens describes a model
where “spatial” elements are used for an object to be measured. EX1004, §131. For
example, by incorporating the “distance vectors between the nodes,” the model is
incorporating spatial information. As such, Steffens disclosed or at least rendered

the “spatio” aspect of the spatio-temporal model obvious.
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Second, with respect to the “temporal” element, Steffens explains that, for its
model for an object to be detected, when “the object is in a sequence of images . . .
the step of detecting an object further includes tracking the object between image
frames based on a trajectory associated with the object. Also, the step of locating the
nodes includes tracking the nodes between image frames and reinitializing a tracked
node if the node's position deviates beyond a predetermined position constraint
between image frames.” EX1007, 2:6-13. Steffens claims, as part of its process for
recognizing objects, “tracking the object between image frames based on a trajectory

99 ¢

associated with the object,” “tracking the nodes between image frames,” and
“reinitializing a tracked node if the node’s position deviates beyond a predetermined
position constraint between image frames.” See, e.g., EX1007, Claims 14, 16, and
17. Accordingly, a POSITA would have understood that Steffens describes a model
for an object to be detected that includes the use of “temporal” information,
including for example the location of an object and its nodes between image frames.
As such, Steffens disclosed or at least rendered obvious the “temporal” element of
the spatio-temporal model.

Further, to the extent the term “spatio-temporal model” is construed as “a
graphical model comprising nodes corresponding to each of the collection of

components and to the object,” Steffens still disclosed or at least rendered this

element obvious. As an initial matter, a POSITA would have understood that
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graphical models for object detection were known in the prior art long before the
’980 Patent. See supra, Ground 1, limitation 1[a]; EX1004, 4133. In any event, a
POSITA would have further found this element to be taught by Steffens, as Steffens’
model is also described as a graphical model with nodes corresponding to an object
and a collection of its components. EX1004, q133.

Steffens’ model uses “bunch graph matching” to conduct similarity
comparisons and identify an object. A bunch graph is a data structure like an image
graph, which “is used to describe the aspects of an object.” EX1007, 8:56-57, 9:22-
25. The graph includes “nodes” that refer to points on the object, which are labeled
with “jets.” For a bunch graph, “instead of attaching only a single jet to each node,
a whole bunch of jets 172 (a bunch jet) are attached to each node.” EX1007, 9:22-
25. Jets are derived from facial images and to form a bunch graph, “a collection of
facial images (the bunch graph gallery) is marked with node locations at defined
positions of the head,” which are called “landmarks.” EX1007, 9:25-29.
Accordingly, Steffens describes providing a “graphical model comprising nodes
corresponding to each of the collection of components and to the object.”

Further, Steffens explains that a model graph that is designed for finding a
human face is illustrated in Figure 12 with nodes corresponding to a collection of

components:
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EX1007, 13. Steffens teaches the use of a “coarse-to-fine” approach using fewer
nodes to improve computational efficiency. EX1007, 15:32-41. After coarse
landmark finding has been achieved, higher precision localization may be performed

on higher resolution images for precise finding of a particular facial feature. An

0 right eye pupil

1 left eye pupil

2 top of the nose

3 right corner of the right eyebrow
4 lett corner of the right eyebrow
5 right corner of the left eyebrow
6 left corner of the left eyebrow
7 right nosiril

8 tip of the nose

O left nostril

10 right corner of the mouth

11 center of the upper Lip

12 left corner of the mouth

13 center of the lower lip

14 bottom of the right ear

15 top of the nght car

16 top of the left ear

17 bottom of the left ear

example of the coarse-to-fine procedure is shown in Figure 14:
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EX1007, 15. As illustrated above, Steffens includes a “coarse” approach using fewer
nodes that correspond to the object and its components. For example, a single node
is used to represent an eye. EX1004, 4137. Steffens then includes a “fine” approach
using more nodes, including for example various nodes outlining the eye and a node
at the center of the pupil. Accordingly, Steffens disclosed or at least rendered
obvious providing a spatio-temporal model comprised of “nodes” corresponding to
each of the collection of components and to the object (i.e., a coarse-to-fine
approach). Id.

c. Element 1/9[b]

This element was disclosed or at least rendered obvious over Steffens in view
of Zhao. EX1004, 99138-140. As an initial matter, this element was disclosed or
least rendered obvious by Zhao, as described above for Ground I and incorporated
by reference.

Steffens further disclosed this element or at least rendered it obvious. EX1004,
9139. Steffens states, “[t]he present invention relates to vision-based object detection
and tracking, and more particularly, to systems for detecting objects in video images,
such as human faces....” EX1007, 1:14-16. Accordingly, “[t]he object recognition
process 10 operates on digitized video image data provided by an image processing
system 12. The image data includes an image of an object class, such as a human

face. The image data may be a single video image frame or a series of sequential
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monocular or stereo image frames.” EX1007, 3:48-53; EX1004 at 99139-140.
Accordingly, a POSITA would have understood that Steffens teaches providing a
video comprising a plurality of images including the object, as its system “operates
on digitized video image data provided by an image processing system” where “[t]he
image data includes an image of an object class, such as a human face.” Id. As such,

this element was disclosed or at least rendered obvious.

d. Element 1/9]c]

This element was disclosed or at least rendered obvious over Steffens in view
of Zhao. EX1004, 94141-143. As an initial matter, this element was disclosed or
least rendered obvious by Zhao, as described above for Ground I and incorporated
by reference.

Steffens further disclosed or at least rendered this element obvious. EX1004,
142. As described in element 1/9[a], Steffens uses a graph matching technique for
measuring an object. In doing so, “[t]he nodes 164 of the labeled graph refer to points
on the object and are labeled by jets 160. Edges 166 of the graph are labeled with
distance vectors between the nodes. Nodes and edges define the graph topology.”
EX1007, 8:58-61. This matches the process described in the specification of the *980
Patent, which explains that nodes representing an object’s components “have an
associated state vector X'=(x,y,s) defining the component’s real-valued position and

scale within an image.” EX1001, 3:50-52; EX1004, q142. Like the 980 Patent
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specification, which describes nodes with an associated state vector to measure an
object as a collection of components, Steffens also describes using nodes with an
associated state vector (e.g., distance vectors between the nodes) to measure the
object as a collection of components. /d.

Accordingly, a POSITA would have found this element disclosed or at least
obvious. EX1004, q9141-143.

e. Element 1/9[d]

Steffens in combination with Zhao disclosed or at least rendered this element
obvious. EX1004, q9144-145. As an initial matter, Steffens describes its method for
object detection as using a “similarity” measure. While this is not explicitly stated
as calculating a “probability” that an object is an image, doing so would have been
obvious to a POSITA. EX1004, 4144. Indeed, probabilistic frameworks for object
detection were widely known in the prior art and frequently used. See EX1004, q144.

Moreover, a POSITA would have been motivated to look for a probabilistic
framework, such as Zhao, to combine with the teachings of Steffens. EX1004, §145;
see, supra, Section X.B.1 (Motivation to Combine). Like Steffens, Zhao uses a
similarity measure for the identification of objects in video data. As explained in
Ground I, this includes the use of a “Bayesian Similarity Measure” that determines

the probability that an object is in each image of a video. Accordingly, for the reasons
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described above for Zhao, this element was disclosed or at least rendered obvious.
EX1004, 99144-145.

f. Element 1/9]e]

Steffens in combination with Zhao disclosed this element or at least rendered
it obvious. EX1004, 9146-149. As explained above for element 1/9[d], it would have
been obvious to a POSITA to use a probabilistic framework, which was widely
known in the prior art. See EX1004, 4146. Further, as part of a probabilistic
framework, it would have been obvious to a POSITA to detect the image by
comparing the probabilities for each image to a threshold for detecting the object.
Indeed, the use of a “threshold” was widely known. See EX1004, q147.

Moreover, as explained above, a POSITA would have been motivated to look
for a probabilistic framework, such as Zhao, to combine with the teachings of
Steffens. See, supra, Section X.B.1. (Motivation to Combine). Like Steffens, Zhao
uses a similarity measure for the identification of objects in video data. As explained
in Ground 1, this includes the use of a “Bayesian Similarity Measure” that determines
the probability that an object is in each image of a video. This further includes
comparing the probabilities for each image to a threshold for detecting an object. See
Ground I limitation 1/9[e]. Accordingly, for the reasons described above for Zhao,

this element was disclosed or at least rendered obvious.
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3. Claims 2/10

Steffens in combination with Zhao disclosed or at least rendered obvious
Claims 2/10. EX1004, q9150-152. As explained above for Ground I, Zhao disclosed
or at least rendered obvious Claims 2/10. See, supra, Ground I, Claims 2/10. That
analysis is incorporated by reference.

Further, as described above, Steffens discloses a “spatio-temporal model” for
an object to be detected. Steffens further teaches the use of detectors for each of the
collection of components. For example, Steffens explains that its process uses a
graph matching technique where the graphs include “nodes” that refer to points on
the object, which are labeled with “jets.” EX1007, 8:58-59. “To compute the
similarity between two graphs, the sum is taken over similarities of corresponding
jets between the graphs.” EX1007, 8:65-67. Accordingly, to detect parts of the object
(i.e., the collection of components), Steffens matches the object parts to the “jets” of
the graphics to detect the degree of similarity. Accordingly, it was known to a
POSITA for a spatio-temporal model for an object to be detected to be comprised of
“detectors” where each of the collection of components (i.e., parts of the object) is
matched with the “jets.” EX1004, q151. As such, Claims 2/10 were disclosed or at

least rendered obvious. /d., §150-152.
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4. Claims 3/11

Steffens in combination with Zhao disclosed or at least rendered obvious
Claims 3/11. As explained above for Ground I, Zhao disclosed or at least rendered
Claims 3/11 obvious. See, supra, Ground I, Claims 3/11. That analysis is
incorporated by reference.

The requirement of Claims 3/11 “wherein the spatio-temporal model is a
graphical model comprising nodes corresponding to each of the collection of
components and to the object” matches the Patent Owner’s purported construction
of the term “spatio-temporal model.” Accordingly, Claims 3/11 were disclosed or at
least rendered obvious for the same reasons discussed for element 1/9[a] and that
purported construction. EX1004, 4154. Indeed, Steffens describes a graphical model
(i.e., a bunch graph) comprised of nodes (i.e., the nodes with jets) corresponding to
each of the collection of components and to the object (i.e., a coarse-to-fine approach
where the nodes correspond to more or fewer object features for computational
efficiency). EX1004, 4154; see supra, element 1/9[a].

5. Claims 4/12

Steffens in combination with Zhao disclosed or at least rendered obvious
Claims 4/12. As explained above for Ground I, Zhao rendered Claims 4/12 obvious.

See, supra, Ground 1, Claims 4/12. That analysis is incorporated by reference.
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As described above in element 1/9[d], it was known to a POSITA to determine
the probability that an object is in each image. Further, Steffens disclosed or at least
rendered obvious detecting an object in an image “according to measurements of the
object as a collection of components determined from a prior image and a later image
relative to the current image.” EX1004, q156. As Steffens explains, when “the object
is in a sequence of images . . . the step of detecting an object further includes tracking
the object between image frames based on a trajectory associated with the object.
Also, the step of locating the nodes includes tracking the nodes between image
frames and reinitializing a tracked node if the node's position deviates beyond a
predetermined position constraint between image frames.” EX1007, 2:6-13.
Accordingly, Steffens claims as part of its process for recognizing objects, “tracking
the object between image frames based on a trajectory associated with the object,”
“tracking the nodes between image frames,” and “reinitializing a tracked node if the
node’s position deviates beyond a predetermined position constraint between image
frames.” See, e.g., EX1007, Claims 14, 16, and 17.

By tracking the object and/or its associated nodes “between image frames” as
part of its process for recognizing objects, a POSITA would have known to detect
the object according to measurements of the object (which is measured as a
collection of components, as discussed for element 1/9[a]) from a “prior image” and

a “later image” relative to the current image. Indeed, a POSITA would have known
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that tracking an object and/or its associated nodes “between frames” would include
doing so according to a “prior image” and a “later image” relative to the current
image. EX1004, q9157-158. Notably, these steps are part of Steffens’ claimed
“process for recognizing objects in a sequence of image frames,” and the existence
of a “sequence of image frames” further indicates the obviousness of using
measurements determined from image frames anywhere in the sequence, including
both prior and later frames relatively to a current frame. /d.; EX1007, Claims 13-14,
16-17.

Accordingly, Claims 4/12 were disclosed or at least rendered obvious.
EX1004, 9155-159.

6. Claims 5/13

Steffens in combination with Zhao disclosed or at least rendered obvious
Claims 5/13. As explained above for Ground I, Zhao disclosed or at least rendered
Claims 5/13 obvious. See, supra, Ground I, Claims 5/13. That analysis is
incorporated by reference.

As described above for element 1/9[a], Steffens describes a spatio-temporal
model for an object to be detected. Further, when “the object is in a sequence of
images . . . the step of detecting an object further includes tracking the object
between image frames based on a trajectory associated with the object. Also, the

step of locating the nodes includes tracking the nodes between image frames and
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reinitializing a tracked node if the node’s position deviates beyond a predetermined
position constraint between image frames.” EX1007, 2:6-13. Accordingly, Steffens
claims as part of its process for recognizing objects, “tracking the object between

99 ¢

image frames based on a trajectory associated with the object,” “tracking the nodes
between image frames,” and “reinitializing a tracked node if the node’s position
deviates beyond a predetermined position constraint between image frames.” See,
e.g., EX1007, Claims 14, 16, and 17.

It was known to a POSITA to use a “temporal window” defining a plurality
of images in which measurements of components detected are passed to components
detected in the current image, as a POSITA would need to define a window of
“image frames” for tracking the object and/or its associated nodes “between image
frames.” EX1004, 4162. For example, Steffens describes a temporal window in an
embodiment that includes two consecutive image frames, where “[t]he similarity (or
confidence) value S may be calculated to indicate how well the two image regions
in the two image frames correspond to each other....” EX1007, 13:22-25. Notably,
Steffens claims a “process for recognizing objects in a sequence of image frames,”
and the existence of a “sequence of image frames” illustrates the obviousness of
providing the claimed “temporal window,” as the sequence is itself a temporal

window and any subset of frames within that sequence could also be a temporal

window. /d., Claims 13-14, 16-17.
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As such, Claims 5/13 were disclosed or at least rendered obvious. EX1004,
19160-163.

7. Claims 6/14

Steffens in combination with Zhao disclosed or at least rendered obvious
Claims 6/14. As explained above for Ground I, Zhao disclosed or at least rendered
obvious Claims 6/14. See, supra, Ground I, Claims 6/14. That analysis is
incorporated by reference.

As described above in element 1/9[d], Steffens in combination with Zhao
describes determining the probability that an object is in each image. Further,
Steffens states that its matching technique, includes for example, “provid[ing] more
accurate information about the position and size of the face.” EX1007, 7:18-20. Zhao
also states, “[t]he above probability distributions provide metrics to evaluate the
shape, size relationship, and configuration similarities between the detected
contour and the human body model.” EX1006, 45. By providing information on
position and size (e.g., of the face as in Steffens) or the shape, size, relationship, and
configuration (e.g., of the detected body as in Zhao), a POSITA would have known
to determine the probability for a “position and size of the object” as claimed in the
’980 Patent. EX1004, 9164. Accordingly, Claims 6/14 were disclosed or at least

rendered obvious. /d.
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8. Claims 7/15

Steffens in combination with Zhao disclosed or at least rendered obvious
Claims 7/15.

As described above for element 1/9[e], Zhao uses a threshold as part of its
probabilistic framework for detecting an object. Zhao additionally explains that this
threshold can be selected empirically based on an “ROC curve” and the rate of false
detections “generated by testing the RCR algorithm on 20 sequences (100
frames/sequences) of urban street scenes,” as explained above for Ground I. See,
supra, Ground I, Claims 7/15. Claims 7/15 were disclosed or at least rendered
obvious here for the same reasons.

9. Claims 8/16

Steffens in combination with Zhao rendered obvious Claims 8/16.

As described for Claims 1/9 element [d-e], using a probabilistic framework
for a spatio-temporal model was disclosed or at least rendered obvious. Further, as
described above in Ground I, the joint probability used in Zhao, and known to a
POSITA is easily representable in the form of the joint probability distribution
formulated by Claims 8/16. See supra, Ground I, Claims 8/16. Claims 8/16 would

have been obvious here for the same reasons.
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C. Ground III: Ozer In View Of Zhao Renders Claims 1-16 Obvious
1. Motivation to Combine

Ozer teaches a method for object detection in video sequences. EX1008,
Abstract (“the methodology is able to identify object parts and to decide on the
presence of the object of interest (human, bag, dog, etc.) in video sequences™). Zhao
similarly concerns object detection in the field of computer vision. EX1006, 17
(“This dissertation presents an integrated human shape modeling, detection, and
body part localization vision system.”); 97 (“This thesis has addressed several
computer vision problems...”). Because Ozer and Zhao each concern object
detection, a POSITA would have naturally looked to and combined their
complementary teachings. EX1004, §170. Indeed, the similarities between Ozer and
Zhao are substantial, such that a POSITA would have had reasonable expectation of
success in combining Ozer and Zhao, as they both describe similar methods and
algorithms for object detection, including using spatio-temporal models for
detecting humans and classifying objects over time. /d.

During prosecution, the examiner found that there was no motivation or
suggestion to combine Ozer with the Cham prior art reference “because the object
detection algorithms in [the] two references are vastly different.” EX1002, 163.
While Ozer described a graph matching algorithm that used a spatio-temporal model,

Cham described a “spatial registration framework™ and a kinematic model where no
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temporal information was incorporated into the object detection algorithm. /d.
(citing Cham).

But unlike Cham, Ozer and Zhao describe similar methods and algorithms for
object detection, so a POSITA would have been motivated to combine their
teachings. EX1004, 9172. Like Zhao, Ozer compares extracted portions of an image
with a set of stored models, which are expressed as graphical models. /d.; EX1008,
7:8-31. Both references also utilize a spatio-temporal model for an object to be
detected and are not limited to the “kinematic model” described in Cham. EX1004,
1172.

Further, while Ozer describes, for example, “matching the relational graphs
of objects with [a] reference model” (EX1008, 4:24-25), Ozer does not precisely
specify which technique to use to identify an object, just that the graph matching
algorithm looks for “meaningful correspondence” between the object parts and the
reference model. /d., 7:8-31. As a POSITA would have known, finding “meaningful
correspondence” through graph matching may include using probabilistic
frameworks to perform similarity analyses. EX1004, q173. One such framework is
expressly described in Zhao as a probabilistic “Bayesian Similarity Measure,” which
“combines the local shape and global relationship constraints into a single equation
to evaluate the degree of resemblance.” EX1006, 25. Like Ozer’s search for

“meaningful correspondence,” Zhao describes a method where an object is identified
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based on a similarity between an image and a corresponding model (i.e., “the
resemblance between a contour [of an object in an image] and a model”’). EX1006,
54. Accordingly, a POSITA would have been motivated to combine Ozer with
Zhao’s probabilistic Bayesian similarity measure and had a reasonable expectation
of success in doing so, since Zhao is elaborating on and improving a process that
Ozer already incorporates into its framework for object detection. EX1004, q173.

2. Claims 1/9
a. Element 1/9[preamble]

This element was disclosed or at least rendered obvious over Ozer in view of
Zhao. EX1004, 99175-176. As an initial matter, this element was disclosed or at least
rendered obvious by Zhao, as described above for Ground I and incorporated by
reference.

Further, Ozer describes a method for object detection in video sequences.
EX1008, Abstract. As a system and method relating to object detection for video
images, a POSITA would have understood Ozer to describe a computer implemented
method for object detection. EX1004, q176. A POSITA would have understood this
to further include “a computer readable medium embodying a computer program”
to perform that method. Id. For example, Ozer describes its techniques being

implemented on a “computer” that “may keep a database of graphs, HMM models
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[hidden Markov models], and other information used during video analysis.”
EX1008, 6:30-32; see also Id. 3:28-33, 5:4-27.

b. Element 1/9]a]

This element was disclosed or at least rendered obvious over Ozer in view of
Zhao. As an initial matter, this element was disclosed or at least rendered obvious
by Zhao, as described above for Ground I and incorporated by reference.

Further, this element was disclosed or at least rendered obvious in view of
Ozer. Ozer describes providing a “spatio-temporal model” for an object to be
detected. Indeed, Ozer describes a process for “graph matching” where “we compare
the object model with a set of stored models. Each extracted region modeled with
ellipses corresponds to a node in the graphical representation of the object of
interest.” EX1008, 7:8-11. Further, Ozer teaches “Classifying Over Multiple
Frames” where “[t]he movements of the object parts are described as a spatio-
temporal sequence of feature vectors that consist of the direction of the object part
movement. The system checks direction of the movements of the object parts for a
number of frames and calculates the probabilities of the activities with the known
activities by using Hidden Markov Models and chooses the pattern with the highest
probability as the recognized activity in these frames (408).” EX1008, 7:33-45, 4:45-
47 (describing the use of “Hidden Markov Models, which classifies activity patterns

of the body parts in space-time and determines the movements of the object parts. It
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also uses a distance classifier to detect specific gestures and activities.”).
Accordingly, a POSITA would have found the claimed “spatio-temporal model”
disclosed or at least obvious in view of Ozer. EX1004, 4178.

Further, to the extent the term “spatio-temporal model” is construed as “a
graphical model comprising nodes corresponding to each of the collection of
components and to the object,” Ozer disclosed or at least rendered this element
obvious. EX1004, q179. As part of Ozer’s method for object detection, each
extracted part in an image “corresponds to a node in the graphical representation of
the object of interest.” EX1008, 7:9-11. The “[o]utput of the graph-matching
algorithm is the classified object parts.” Id., 7:33-35. “For example, if the object of
interest is a human body, the system will first detect different object parts, e.g. hands,
head, arms, legs, torso and compare these part attributes with the human model
attributes via graph matching.” /d., 4:38-41. Further, “geometrical characteristics of
the object regions is used to group object parts” and “[t]he object is decomposed for
its presentation as a combination of component shapes,” such that “[t]he result will
be unaffected by a partial occlusion of the object.” Id., 4:1-6. Accordingly, a
POSITA would have understood Ozer to describe providing a graphical model
comprising nodes [i.e., the graphical representation of the object of interest]

corresponding to each of the collection of components [i.e., the classified object
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parts] and to the object [i.e., the grouped object parts, forming the object]. EX1004,
q179.

As such, this element was disclosed or at least rendered obvious. EX1004,
19177-180.

c. Element 1/9[b]

This element was disclosed or at least rendered obvious over Ozer in view of
Zhao. As an initial matter, this element was disclosed or least rendered obvious by
Zhao, as described above for Ground I and incorporated by reference.

Ozer further disclosed or at least rendered obvious this element. Ozer states
that its “methodology is able to identify object parts and to decide on the presence
of the object of interest (human, bag, dog, etc.) in video sequences.” EX1008,
Abstract. Accordingly, Ozer’s system provides “401 Video Input” to perform object

detection, as illustrated in Figure 4:
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Figure 4
401 Video Input 402
Background 403 404
elimination & |——® Segmentation — Contopr
color generation

transformation

405 406 407 408

Ellipse fittin. - Object > Graph ——»  Multiple frame
p g modeling matching classification

EX1008, 6. Moreover, as Ozer defines, a “video sequence” includes “[a] sequence
of images” and “can be any video recording or media (e.g. an MPEG-1 file, a video
tape, a video disc, a DVD, etc.).” EX1008, 3:16-19. Accordingly, a POSITA would
have found this element disclosed or at least rendered obvious. EX1004, q4181-183.

d. Element 1/9]c]

This element was disclosed or at least rendered obvious over Ozer in view of
Zhao. As an initial matter, this element was disclosed or least rendered obvious by
Zhao, as described above for Ground I and incorporated by reference.

Ozer further disclosed or at least rendered this element obvious. Ozer explains
that “[e]ach extracted region modeled with ellipses corresponds to a node in the
graphical representation of the object of interest.” EX1008, 7:9-11. The graph

matching algorithm looks for “meaningful correspondence” where “[e]ach object
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part and meaningful combinations represent a class w where the combination of
binary and unary features are represented by a feature vector X and computed off-
line.” Id., 7:11-19. As such, “[t]he computations needed for each node matching are
then a function of the feature size and the previously matched nodes of the branch
under consideration.” Id., 7:25-28. Accordingly, this element was disclosed or at
least rendered obvious to a POSITA. EX1004, 99187-185.

e. Element 1/9[d]

This element was disclosed or at least rendered obvious over Ozer in view of
Zhao. As explained in Section X.C.1 (Motivation to Combine), a POSITA would
have looked to combine the teachings of Ozer with Zhao. Further, as described above
for Ground I, this element was disclosed or at least rendered obvious in view of
Zhao. Accordingly, the analysis under Ground I is incorporated by reference and this
element was disclosed or at least rendered obvious for the same reasons. See, supra,
Ground I element 1/9[d].

f. Element 1/9]e]

This element was disclosed or at least rendered obvious over Ozer in view of
Zhao. As explained in Section X.C.1 (Motivation to Combine), a POSITA would
have looked to combine the teachings of Ozer with Zhao. Further, as described above
for Ground I, this element was disclosed or least rendered obvious by Zhao.

Accordingly, the analysis under Ground I is incorporated by reference and this

60



Petition for Inter Partes Review of U.S. Patent No. 7,436,980

element was disclosed or at least obvious for the same reasons. See, supra, Ground
I element 1/9[e].

3. Claims 2/10

Ozer in combination with Zhao disclosed or at least rendered obvious Claims
2/10. EX1004, 99188-189. As explained above for Ground I, Zhao disclosed or at
least rendered obvious Claims 2/10. See, supra, Ground I, Claims 2/10. That analysis
is incorporated by reference.

Further, a POSITA would have found it disclosed or at least obvious for a
spatio-temporal model for an object to be detected to be comprised of “detectors”
for each of the collection of components in view of Ozer. EX1004, 9189. Ozer
explains that each extracted part of an image “corresponds to a node in the graphical
representation of the object of interest” (EX1008, 7:9-11) and “[o]utput of the graph-
matching algorithm is the classified object parts.” EX1008, 7:34-35. Accordingly, it
was known to a POSITA for a spatio-temporal model for an object to be detected to
be comprised of “detectors” where each of the collection of components are matched
to nodes in a graphical representation of the object of interest. EX1004, §189. As
such, Claims 2/10 were disclosed or at least rendered obvious. /d.

4. Claims 3/11

Ozer in combination with Zhao disclosed or at least rendered obvious Claims

3/11. EX1004, 99190-191. As explained above for Ground I, Zhao disclosed or at
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least rendered obvious Claims 3/11. See, supra, Ground I, Claims 3/11. That analysis
is incorporated by reference.

Further, the additional requirement of Claims 3/11 “wherein the spatio-
temporal model is a graphical model comprising nodes corresponding to each of the
collection of components and to the object” matches the Patent Owner’s purported
construction of the term “spatio-temporal model.” Accordingly, Claims 3/11 were
disclosed or at least obvious for the same reasons discussed for element 1/9[a] and
that purported construction. EX1004, 4191. As described above, a POSITA would
have found the purported spatio-temporal model disclosed or at least obvious in view
of Zhao, as it describes a graphical model where “ribbons” serve as “nodes” that
correspond to each of the collection of components (i.e., the component body parts)
and the object (i.e., the merged parts that form a human). EX1004, §191. Similarly,
a POSITA would have understood Ozer to teach the use of a graphical model
comprising nodes [ie., the graphical representation of the object of interest]
corresponding to each of the collection of components [i.e., the classified object
parts] and to the object [i.e., the grouped object parts, forming the object]. Id. As
such, Claims 3/11 were disclosed or at least obvious. /d.

3. Claims 4/12

Ozer in combination with Zhao disclosed or at least rendered obvious Claims

4/12. EX1004, 99192-195. As explained above for Ground I, Zhao rendered Claims
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4/12 obvious. See, supra, Ground I, Claims 4/12. That analysis is incorporated by
reference.

A POSITA would have found Claims 4/12 disclosed or at least obvious in
further view of Ozer. Ozer teaches “Classifying Over Multiple Frames” where “[t]he
movements of the object parts are described as a spatio-temporal sequence of feature
vectors that consist of the direction of the object part movement. The system checks
direction of the movements of the object parts for a number of frames and calculates
the probabilities of the activities with the known activities by using Hidden Markov
Models and chooses the pattern with the highest probability as the recognized
activity in these frames (408).” EX1008, 7:33-45. As such, it would have been
known to a POSITA to detect an object according to measurements of the object as
a collection of components determined from a “prior image” and a “later image”
relative to the current image. EX1004, q9193-194.

6. Claims 5/13

Ozer in combination with Zhao disclosed or at least rendered obvious Claims
5/13. EX1004, 99196-198. As explained above for Ground I, Zhao disclosed or at
least rendered Claims 5/13 obvious. See, supra, Ground I, Claims 5/13. That analysis
is incorporated by reference.

A POSITA would have found Claims 4/12 disclosed or at least obvious in

further view of Ozer. Ozer teaches “Classifying Over Multiple Frames” where “[t]he
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movements of the object parts are described as a spatio-temporal sequence of feature
vectors that consist of the direction of the object part movement. The system checks
direction of the movements of the object parts for a number of frames and calculates
the probabilities of the activities with the known activities by using Hidden Markov
Models and chooses the pattern with the highest probability as the recognized
activity in these frames (408).” EX1008, 7:33-45. By measuring the object parts for
a “number of frames,” it would have been known to a POSITA to define a “temporal
window” in which measurements of components are passed to components detected
in the current image. EX1004, §197.

7. Claims 6/14

Claims 6/14 were disclosed or at least rendered obvious over Ozer in view of
Zhao. As explained in Section X.C.1 (Motivation to Combine), a POSITA would
have looked to combine the teachings of Ozer with Zhao. Further, as described above
for Ground I, Claims 6/14 were disclosed or least rendered obvious by Zhao.
Accordingly, the analysis under Ground I is incorporated by reference and Claims
6/14 were disclosed or at least rendered obvious for the same reasons here. See,
supra, Ground I, Claims 6/14.

8. Claims 7/15

Claims 7/15 were disclosed or at least rendered obvious over Ozer in view of

Zhao. As explained in Section X.C.1 (Motivation to Combine), a POSITA would
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have looked to combine the teachings of Ozer with Zhao. Further, as described above
for Ground I, Claims 7/15 were disclosed or least rendered obvious by Zhao.
Accordingly, the analysis under Ground I is incorporated by reference and Claims
7/15 were disclosed or a least rendered obvious for the same reasons here. See, supra,
Ground I, Claims 7/15.

9. Claims 8/16

Claims 8/16 would have been obvious over Ozer in view of Zhao. As
explained in Section X.C.1 (Motivation to Combine), a POSITA would have looked
to combine the teachings of Ozer with Zhao. Further, as described above for Ground
I, Claims 8/16 would have been obvious in view of the teachings of Zhao.
Accordingly, the analysis under Ground I is incorporated by reference and Claims
8/16 are rendered obvious for the same reasons here. See, supra, Ground I, Claims
8/16.

D. Ground IV: TLP Renders Claims 1-16 Obvious
1. Claims 1/9

a. Element 1/9[preamble]

TLP disclosed this element or at least rendered it obvious. EX1004, 4202.
Specifically, TLP describes “a probabilistic method for fully automatic 3D human
detection and tracking.” EX1009, 6. Accordingly, a computer implemented method

for object detection would have been obvious to a POSITA. EX1004, 4202. A
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POSITA would have understood this to further include “a computer readable
medium embodying a computer program” to perform that method. /d.

b. Element 1/9]a]

TLP disclosed this element or at least rendered it obvious. EX1004, 99203-
205. As part of its method for “human detection and tracking,” TLP provides a model
for an object to be detected (e.g., a human). TLP explains that “the body is
represented by a graphical model in which each graph node corresponds to a body
part (upper leg, torso, etc.). Each part has an associated configuration vector defining
the part’s position and orientation in 3-space. ... Edges in the graphical model
correspond to position and angle relationships between adjacent body parts in space

and time, as illustrated in Figure 1.” EX1009, 2.

Figure 1: Graphical model for a person. Nodes represent limbs
and arrows represent conditional dependencies between limbs. For
clarity only a few temporal dependencies have been shown: in our
model each part ¢ at time ¢ is connected by an edge to part 7 at
timesf — 1 and £ + 1.
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EX1009, 1. By incorporating spatial and temporal elements into a graphical model
for an object to be detected, such as a person, TLP teaches the claimed “spatio-
temporal.” EX1004, 9203.

Further, even to the extent the term “spatio-temporal model” is construed as
“a graphical model comprising nodes corresponding to each of the collection of
components and to the object,” TLP still disclosed or at least rendered this element
obvious. EX1004, 9204. TLP’s model for an object to be detected is explicitly
expressed as “a graphical model in which each graph node corresponds to a body
part (upper leg, torso, etc.).” EX1009 at 2. Further, “[e]ach part has an associated
configuration vector defining the part’s position and orientation in 3-space. Placing
each part in a global coordinate frame enables the part detectors to operate
independently while the full body is assembled by inference over the graphical
model.” EX1009, 2. A POSITA would have found the claimed spatio-temporal
model to be disclosed or at least obvious in view of TLP, as the nodes correspond to
each of the collection of components and the object. EX1004, 4204.

Accordingly, TLP disclosed or at least rendered this element obvious.
EX1004, 99203-205.

c. Element 1/9[b]

TLP disclosed or at least rendered this element obvious. EX1004, 4206. TLP

discloses a method for object detection and tracking for video. Accordingly,
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“providing a video comprising a plurality of images including the object” would
have been known to a POSITA because to detect an object in a video, providing the
video itself would be required. See EX1004, 9206; EX1009, 1 (“We illustrate the
method by automatically tracking a walking person in video imagery using four
calibrated cameras.”).

d. Element 1/9]c]

TLP disclosed or at least rendered this element obvious. EX1004, 49207-211.
TLP explains “our model of the body is a collection of loosely-connected limbs.”
EX1009, 1. To perform object detection, this body model is combined “with a
probabilistic image likelihood model” and “[i]nferring the body pose in our
framework is defined as estimating belief in the graphical model.” EX1009, 4. “We
define @i (X1) to be the likelihood of observing the image measurements conditioned
on the pose of limb i. Ideally this model would be robust to partial occlusions, the
variability of image statistics across different input sequences, and variability among
subjects. To that end, we combine a variety of cues including multi-scale edge and
ridge filters following [20 [EX 1041]].” Id. at 4. Accordingly, measuring the object
as a collection of components in each image would have been known to a POSITA,
as the model itself is represented as ““a collection of loosely-connected limbs” —i.e.,

a collection of components and a POSITA would have understood the collection of
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loosely-connected limbs to be equivalent to a collection of components. EX1009, 1;
EX1004, 9207.

Notably, to describe the parts in the graphical model, “[e]ach part has an
associated configuration vector defining the part’s position and orientation in 3-

space,” as shown in Figure 2:

Part i

1 wuﬂ:

Figure 2: Parameterization of part i.

EX1009, 2, 3. “The estimated parameters X7 =(x],67) represent the configuration

of the part i in a global coordinate frame where Xi € R*and ©: € SO(3) are the 3D
position of the proximal joint and the angular orientation of the part respectively.”
EX1009, 2-3. This matches the process described in the specification of the 980
Patent, which explains that nodes representing an object’s components “have an
associated state vector X’=(x,y,s) defining the component’s real-valued position and
scale within an image.” EX1001, 3:50-52.

Figure 6(c) illustrates, for example, the object being measured as a collection

of components using the system defined in TLP:

69



Petition for Inter Partes Review of U.S. Patent No. 7,436,980

EX1009, 7, Figure 6(c) (illustrating “Samples from the belief distribution after 30
iterations of belief propagation”). Accordingly, this element was disclosed or at least
obvious over TLP. EX1004, 49207-211.

e. Element 1/9[d]
TLP disclosed this element or at least rendered it obvious. EX1004, q9212-
213. TLP “present[s] a probabilistic method for fully automatic 3D human detection
and tracking.” EX1009, 6. Accordingly, the inference algorithm “combines the body
model described above with a probabilistic image likelihood model” and defines “
?i(Xi) 1o be the likelihood of observing the image measurements conditioned on
the pose of limb i.” EX1009, 4. To “be robust to partial occlusions, the variability of

image statistics across different input sequences, and variability among subjects,”

TLP incorporates the use of a “Gibbs [likelihood] model”:
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p(f | X;) o< exp (— Z{/\”:’,{m(f:Xf)})
EX1009, 4. Accordingly, a POSITA would have understood that the probabilistic
method described is equivalent to determining a probability an object is in each
image, and this element was disclosed or at least obvious in view of TLP. EX1004,
19212-213.

f. Element 1/9]e]

TLP disclosed this element or at least rendered it obvious. EX1004, 99214-
215. As explained above in Section X.D.1 (elements 1/9[d]-[e]), TLP “present[s] a
probabilistic method for fully automatic 3D human detection and tracking” and
determines the likelihood (i.e., probability) that an object is in each image. EX1009,
6. Accordingly, it would have been known to a POSITA to further compare the
probabilities to a “threshold” to detect the object. Indeed, TLP describes the use of
an “image likelthood model” and detecting the object is “defined as estimating belief
in the graphical model.” EX1009, 4. Indeed, to infer the belief in a model, it would
have been known to a POSITA to compare a determined probability against a

threshold. See EX1004, q214.
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2. Claims 2/10

TLP disclosed or at least rendered obvious Claims 2/10. EX1004, q9216-218.

Further, as described above for element 1/9[a], TLP discloses a “spatio-
temporal model” for an object to be detected. TLP further teaches the use of detectors
for each of the collection of components. For example, according to TLP, “[w]e
adopt simple limb and head detectors to provide ‘bottom-up’ information that is
incorporated into the inference process at every time-step.” EX1009, 1. Indeed, TLP
acknowledges that “[m]any good head detectors exist and limb detectors have been
used for some time.” EX1009, 1 (citing prior art). Accordingly, Claims 2/10 were
disclosed or at least rendered obvious. EX1004, 99216-218.

3. Claims 3/11

TLP disclosed or at least rendered obvious Claims 3/11. EX1004, 49219-220.

Further, the additional requirement of Claims 3/11 “wherein the spatio-
temporal model is a graphical model comprising nodes corresponding to each of the
collection of components and to the object” matches the Patent Owner’s purported
construction of the term “spatio-temporal model.” Accordingly, Claims 3/11 was
disclosed or at least rendered obvious for the same reasons discussed for element
1/9[a] and that purported construction. EX1004, 9220.

4. Claims 4/12

TLP disclosed or at least rendered obvious Claims 4/12. EX1004, 49221-222.

72



Petition for Inter Partes Review of U.S. Patent No. 7,436,980

As described for elements 1/9[d]-[e] above, TLP presents a probabilistic
method that determines the probability that an object is in each image based on
identified body parts, which includes temporal dependencies. As TLP explains, “in
our model, each part i at time ¢ is connected by an edge to part i at times # — 1 and ¢
+ 1.” EX1009, 1 (Figure 1). Accordingly, TLP uses “probabilistic models for the
temporal evolution of each limb (forward and backward in time). Human pose and
motion estimation is then solved with non-parametric belief propagation using a
variation of particle filtering that can be applied over a general loopy graph.”
EX1009, 1. Accordingly, TLP disclosed or at least rendered obvious the step of
detecting an image according to measurements of the object as a collection of
components determined from a prior image (i.e.,  — 1) and a later image (i.e., ¢ + 1),
relative to the current image (i.e., ). EX1004, 9222.

S. Claims 5/13

TLP disclosed or at least rendered obvious Claims 5/13. EX1004, 49223-224.
As described above for element 1/9[a], TLP describes a spatio-temporal
model for an object to be detected. As TLP explains, “in our model, each part i at
time ¢ is connected by an edge to part i at times £ — 1 and # + 1.” EX1009, 1 (Figure
1). Accordingly, TLP uses “probabilistic models for the temporal evolution of each
limb (forward and backward in time). Human pose and motion estimation is then

solved with non-parametric belief propagation using a variation of particle filtering
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that can be applied over a general loopy graph.” EX1009, 1. TLP further discloses
using “a 3-frame windowed smoothing algorithm for our tracking results where the
estimates at time ¢ are based on observations at times (¢ - 1, £ +1).” EX1009, 5.
Accordingly, a POSITA would have understood that TLP describes providing a
“temporal window” defining a “plurality of images” in which measurements of
components detected are passed to components detected in the current image.
EX1004, 9224.

6. Claims 6/14

TLP disclosed or at least rendered obvious Claims 6/14. EX1004, §4225-227.

As described above, TLP describes determining the probability that an object
is in each image. See element 1/9[d]. As part of that process, TLP explains “the body
is represented by a graphical model in which each graph node corresponds to a body
part (upper leg, torso, etc.). Each part has an associated configuration vector defining
the part’s position and orientation in 3-space.” EX1009, 2. By determining the part’s
position and orientation in 3-space, a POSITA would have known to determine the
probability for a “position” of the object in each image.

Further, “[e]ach part/limb is modeled by a tapered cylinder having 5 fixed and
6 estimated parameters,” which include “the part length, width at the proximal and
distal ends and the offset of the proximal and distal joints along the axis of the

limb...” EX1009, 2. By determining the part’s parameters, such as length and width,

74



Petition for Inter Partes Review of U.S. Patent No. 7,436,980

a POSITA would have known to determine the probability for a “size” of the object
in each image.

7. Claims 7/15

TLP disclosed or at least rendered obvious Claims 7/15. EX1004, 9228-229.

As described above for element 1/9[e], it was known to a POSITA to compare
a determined probability against a threshold. See EX1004, 4229. It would have been
further known that this threshold is determined empirically, as opposed to arbitrarily
chosen. Id. Indeed, TLP explains that “[c]onditional probabilities relating the 3D
pose of connected limbs are learned from motion captured training data [i.e.,
empirically].” EX1009, 1. As a POSITA would have understood, determining a
threshold “empirically” is done via observation or experimentation. EX1004, 9229.
By learning the conditional probabilities through training data, a POSITA would
have known to determine a threshold “empirically” in view of TLP. /d. Accordingly,

Claims 7/15 were disclosed or at least obvious. /d.

8. Claims 8/16
TLP rendered Claims 8/16 obvious. EX1004, q9230-231.

As described for Claim 1/9, TLP presents a probabilistic method for object
detection. See elements 1/9[d]-[e]. The joint probability distribution formulated in
Claims 8/16 would have been known to a POSITA and is the very same pairwise

Markov field representation of a spatio-temporal graphical model, which is cited in
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TLP. See EX1009, 4 (“we use a form of non-parametric belief propagation [13
[citing EX1019], 25 [citing EX1012]].”); see also EX1004, 4131 (“The equation
represents a typical factorized form of the joint probability distribution P (....) for a
graphical model G of an object O with state X at time frame i of the video and {k
= 1..N} components state X LC ) This form of the joint probability would have been
known to a POSITA as a pairwise Markov field representation of a spatio-temporal
graphical model. /d. (citing EX1012, §2.1).

XI. SECONDARY CONSIDERATIONS

Petitioners are unaware of any evidence of secondary considerations that
would support a finding of non-obviousness. See EX1004 at 9232. The asserted prior
art demonstrates there is no evidence of failure by others and that the features recited
in the Challenged Claims were readily available in the prior art. In any event, no
secondary considerations could overcome the strong prima facie case of obviousness
shown in this Petition. See Wyers v. Master Lock Co., 616 F.3d 1231, 7276 (Fed.
Cir. 2010). Should Patent Owner attempt to meet its burden to show secondary
considerations, Petitioners reserve the right to respond.

XII. CONCLUSION

For the foregoing reasons, Petitioners request Trial be instituted and Claims

1-16 be canceled.
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APPENDIX A
No. Claim Language
1[preamble] | A computer implemented method for object detection comprising:

1[a] providing a spatio-temporal model for an object to be detected;

1[b] providing a video comprising a plurality of images including the
object;

1[c] measuring the object as a collection of components in each image;

1[d] determining a probability that the object is in the image; and

1[e] detecting the object in any image upon comparing the probabilities for
each image to a threshold for detecting the object.

2 The computer implemented method of claim 1, wherein providing the
spatio-temporal model for the object to be detected comprises
providing detectors for each of the collection of components.

3 The computer implemented method of claim 1, wherein the spatio-
temporal model is a graphical model comprising nodes corresponding
to each of the collection of components and to the object.

4 The computer implemented method of claim 1, wherein determining
the probability that the object is in each image comprises detecting the
object in a current image according to measurements of the object as a
collection of components determined from a prior image and a later
image relative to the current image.

5 The computer implemented method of claim 1, wherein providing the
spatio-temporal model for the object to be detected further comprises
providing a temporal window defining a plurality of images in which
measurements of components detected therein are passed to
components detected in the current image.

6 The computer implemented method of claim 1, wherein determining
the probability that the object is in each image comprises determining
the probability for a position and a size of the object in each image.

7 The computer implemented method of claim 1, wherein the threshold
is provided for the object to be detected, wherein the threshold is
determined empirically.

8 The computer implemented method of claim 1, wherein a joint

probability distribution for the spatio-temporal model with N
components is:

81




Petition for Inter Partes Review of U.S. Patent No. 7,436,980

C C C C C
PIXO. X0 Xo' o XN XP X X LX) =

|
EH [1;"'1;_;;{-1{,1'01 ij}
:
| | Wi XP, X )H %:[Xsck , XeC‘)H ¢=‘(Xf0}'ﬂ ¢;‘(X;Ck ).
i il i i

9[preamble] | A computer readable medium embodying a computer program to

perform method steps for object detection, the method steps
comprising:

9la] providing a spatio-temporal model for an object to be detected;

9[b] providing a video comprising a plurality of images including the
object;

9[c] measuring the object as a collection of components in each image;

9[d] determining a probability that the object is in the image; and

9le] detecting the object in any image upon comparing the probabilities for
each image to a threshold for detecting the object.

10 The method of claim 9, wherein providing the spatio-temporal model
for the object to be detected comprises providing detectors for each of
the collection of components.

11 The method of claim 9, wherein the spatio-temporal model is a
graphical model comprising nodes corresponding to each of the
collection of components and to the object.

12 The method of claim 9, wherein determining the probability that the
object is in each image comprises detecting the object in a current
image according to measurements of the object as a collection of
components determined form a prior image and a later image relative
to the current image.

13 The method of claim 9, wherein providing the spatio-temporal model

for the object to be detected further comprises providing a temporal
window defining a plurality of images in which measurements of
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components detected therein are passed to components detected in the
current image.

14 The method of claim 9, wherein determining the probability that the
object is in each image comprises determining the probability for a
position and a size of the object in each image.

15 The method of claim 9, wherein the threshold is provided for the object
to be detected, wherein the threshold is determined empirically.

16 The method of claim 9, wherein a joint probability distribution for the

spatio-temporal model with N components is:
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