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Fitting Invisalign (EX2055), 2[1]

State of Art – In Person Assessment of Aligner Fit
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DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Kusnoto Decl. (EX2030), ¶¶44, 49

¶44: “As of July 2017, effective conventional aligner
treatment required frequent and regular in-person
orthodontic examinations.”

¶49: “[E]ach aligner was visually and manually
examined for large gaps between the aligner and the
teeth.”

¶49: “Using their hands, the orthodontist would
manually examine the aligner for potential rocking
(that is, movement of one part of the aligner off of a
patient’s teeth when pressure is applied to another
part of the aligner).”

Good Fit

Poor Fit

Undisputed dental evidence explains that aligners were assessed visually and manually 

IPR2024-00052:
EX2055, 2; EX2030 ¶¶44-49; Paper 20, 6-8, 20-21, 22-26
IPR2024-00110:
EX2055, 2; EX2030 ¶¶44-49; Paper 20, 6-10, 27-31, 43 

[1] All citations herein are identical in and apply to both IPR2024-00052 
and IPR2024-00110, unless otherwise indicated.



State of Art – In Person Assessment of Aligner Fit

IPR2024-00052:
EX2055, 2; EX2030 ¶¶45, 51, 60; Paper 20, 6, 8
IPR2024-00110:
EX2055, 2; EX2030 ¶¶45, 51, 60; Paper 16, 6-7, 9-10

5
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

¶45: “These in-person examinations did not involve
quantitative measurements concerning aligner fit.”

¶51: “In July 2017, it was not standard of care to rely
on images of aligners in the service position, let
alone images captured using a cellphone camera, to
evaluate aligner fit.”

¶60: “Although Invisalign includes certain photos, a
POSA would have understood that these photos were
simply examples of what an orthodontist might
observe during an in-person appointment. There is
no suggestion in Invisalign that those images were
taken remotely, for example, using a cellphone, or
that such images could be used for the remote or
virtual assessment of aligner treatment.”

Good Fit

Poor Fit

Undisputed dental evidence explains that cellphone images were not used 

Fitting Invisalign (EX2055), 2 Kusnoto Decl. (EX2030), ¶¶45, 51, 60



Provisional Patent Appl. to Carrier (EX2064), [004]

State of Art – In Person Assessment of Aligner Fit

IPR2024-00052:
EX2030 ¶¶28, 32, 33; EX2064, [0004]; Paper 20, 6, 21
IPR2024-00110:
EX2030 ¶¶28, 32, 33; EX2064, [0004]; Paper 16, 6-7, 30

6
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

¶28: “[A]s of 2017, these standard orthodontic
photographs were captured by dental
professionals during in-office patient
appointments.”

¶32: “Once the patient, retractor, and mirror
(if one was needed for the specific view) were
in position, the dental professional in 2017
would acquire the standard set of images,
typically with a DSLR camera setup. This
setup usually comprised a DSLR camera, a
specific type of lens, and a ring light.”

¶33 “Acquiring the standard orthodontic
images required specialized training that
dental professionals would begin in dental
school and continue to receive throughout
their careers.”

• In 2017, cellphones could not capture 
high quality dental images

Undisputed dental evidence explains that high quality dental images required training

Kusnoto Decl. (EX2030), ¶¶28, 32, 33



• No evidence of computer-aided or deep 
learning analysis of aligner images

• Only reference that discusses non-human 
image analysis in dental field is Salah, 
which does not even mention clear aligners

State of Art – In Person Assessment of Aligner Fit

IPR2024-00052:
EX2030 ¶86; EX1008, 35:12-36:14; Paper 20, 6, 22, 26, 58-62 
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DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

¶86: “The use of deep learning or machine
learning in the acquisition and/or analysis of
dental photographs had not been accepted
by the dental community as of July 2017.”

¶86: As Align’s dental expert, Dr. Valley,
has previously opined, ‘the dental and
orthodontic field’ is ‘a very conservative
field,’ and ‘[i]t takes a while before new
methods become mainstream.’ EX2036
[Valley Dep. Tr. IPR-2019-000132], 50:3-5,
50:19-24. … This is because our decisions
to adopt new technologies impact patient
outcomes. As a field, we were thus very
cautious to change how we did things.”

Salah (EX1008), 35:12-36:14

Undisputed dental evidence that deep learning was not accepted in the dental field

Kusnoto Decl. (EX2030), ¶86
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The Challenged ’248 Patent

IPR2024-00052: EX1001, cl. 1; Paper 20, 10-13
9

IPR2024-00052 & IPR2024-00110
DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

’248 Patent (EX1001)

Groundbreaking method to assess aligner fit using deep learning device on cellphone aligner image



’248 Patent (EX1001)

The Challenged ’248 Patent

IPR2024-00052: EX1001, cl. 1; Paper 20, 10-13
10

IPR2024-00052 & IPR2024-00110
DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Groundbreaking method to assess aligner fit using deep learning device on cellphone aligner image

No prior art disclosure of acquiring 
aligner images and no motivation to 

assess aligner fit from aligner images

No motivation and no reasonable 
expectation of success to train Maninis  
or use Maninis to perform the claimed 

analysis as proposed in Petition
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Kim’s Method of Assessing Teeth Alignment Uses Teeth Positions 

IPR2024-00052: 
Paper 20, 16-22, 51; EX2028, ¶¶68-86, 184-194; EX2030, ¶¶70-79
IPR2024-00110: 
Paper 16, 20-27, 37, 43; EX2028, ¶¶66-83, 148-157; EX2030, ¶¶70-79
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IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Kim (EX1005)

Kim does not: 

• assess aligner fit
• suggest taking images of aligners in a service position
• disclose any non-human analysis of any images, let alone 

using a deep learning device

Kim’s “clear aligner information” is not:

• an image of the aligner in a service position
• used for diagnosis or treatment

Kim does:

• disclose assessing teeth alignment based on teeth positions
• disclose taking images of bare teeth and of bare aligners 

Kim never purports to disclose a novel way to assess aligner fit



IPR2024-00052:
EX1005, [0010]; EX2030 ¶¶47-48, 70-79; Paper 20, 16-22, 51
IPR2024-00110:
EX1005, [0010]; EX2030 ¶¶47-48, 70-79; Paper 16, 20-27, 37, 43
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DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

• Teeth alignment assessment is only based on tooth positions
• Teeth alignment information can include only photographs of “teeth alignment state of the orthodontic patient”
• Kim’s benefits of “reduced diagnosis time and cost” flow only from use of “teeth alignment information” 

Kim (EX1005), [0010]

Kim never purports to disclose a novel way to assess aligner fit
Kim’s Method of Assessing Teeth Alignment Uses Teeth Positions 



Kim’s Teeth Alignment Information Is Distinct From Clear Aligner Information 

IPR2024-00052:
EX1005 [0063], [0041], [0066]; Paper 20, 16-22, 51; EX2028, 
¶¶68-86, 184-194; EX2030, ¶¶70-79
IPR2024-00110:
EX1005 [0063], [0041], [0066]; Paper 16, 20-27, 37, 43; EX2028, 
¶¶66-83, 148-157; EX2030, ¶¶70-79 
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DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Kim (EX1005), [0063], [0041], [0066]

• Teeth positions only are used for diagnosis and treatment 
• Images of bare aligners are used only to check the state of the aligner
• Kim uses “currently worn” to refer to the current aligner in the set of aligners, not to mean that it is 

in the patient’s mouth

Assessing teeth alignment is distinct from assessing aligner fit
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Teeth Alignment 
Information

Clear Aligner 
Information 

Kim’s Teeth Alignment Information Is Distinct From Clear Aligner Information 
Kim collects, processes, stores, and uses them differently

Clear Aligner 
Information 

Teeth Alignment 
Information 

IPR2024-00052: 
EX1005, FIGs. 1&6; 
Paper 20, 16-22, 51; EX2028, ¶¶68-86, 184-194; EX2030, ¶¶70-79
IPR2024-00110: 
EX1005, FIGs. 1&6; Paper 16, 20-27, 37, 43; EX2028, ¶¶66-83, 148-
157; EX2030, ¶¶70-79

IPR2024-00052 & IPR2024-00110
DEMONSTRATIVE EXHIBIT – NOT EVIDENCE



Invisalign Concerns In-Person Assessments of Aligner Treatment

IPR2024-00052: 
Paper 20, 22-26, 52-53 ; Paper 30, 18; EX2028, ¶¶87-96 
184-194; EX2030, ¶¶58-69; EX2054, 66:8-15
IPR2024-00110: 
Paper 16, 27-31, 38, 44; EX2028, ¶¶84-93, 148-157; 
EX2030, ¶¶58-69; EX2054, 66:8-15
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DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Invisalign (EX1006)

Invisalign:

Invisalign: 

• is a clinical guide “to help the Invisalign practitioner” 

• is provided to “orthodontists and dentists” 

• describes how to conduct in-office check-ups with steps taken “at 
every patient appointment” that cannot be performed remotely

• is “not a remote treatment disclosure”

• does not suggest taking images of aligners in service position, let 
alone with a cellphone 

• does not disclose any non-human analysis of any images

• provides no method to quantitatively measure separation

Invisalign never purports to disclose a novel way to assess aligner fit



Petition (IPR2024-00052, Paper 2), 30

Petitioner’s Motivation to Combine Is Unsupported 
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DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

“Invisalign further illustrates that such a gap is visually distinguishable in
a digital photograph of a patient’s teeth that at least partially represents
an aligner worn in a service position on the teeth.”

Figure A is not representative of an aligner fit situation that 
an orthodontist would have seen in 2017

Petitioner alleges that Figure A in Invisalign provides a motivation 

IPR2024-00052:
EX1006, 6, 1; EX2030 ¶61; Paper 2, 2, 21-22, 30; Paper 20, 50-51
IPR2024-00110:
EX1006, 6, 1; EX2030 ¶61; Paper 2, 18-19, 26; Paper 16, 44-46 



Petitioner’s Motivation to Combine Is Unsupported 
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DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Dr. Foroosh admitted to having “no idea” if Figure A in Invisalign is representative

Foroosh Tr. (EX2054), 45:8-19, 60:23-61:4

A. Again, you want me to provide an opinion of 
how things may be seen in a dentist’s office. 
I’m not a dentist. I’ve never practiced as a 
dentist. I don’t know how common it is, as 
you refer to it, to see this particular situation. I 
don’t know. I have no idea.

A. Again, the people who have drafted this 
document, I know that some of them are 
probably dentists or orthodontist. I don’t know 
what an orthodontist would encounter. I 
mean, I don’t know the answer to a question.

Kusnoto Decl. (EX2030), ¶61 

¶61: “[B]ased on my experience, this is an aligner that has
been partially inserted to demonstrate the gap between
teeth and aligners and is not representative of an aligner fit
situation that would have been encountered by an
orthodontist in 2017. . . . . A POSA would also have
recognized that most aligner unseats would have a
substantially less visible gap.”

Unlike Dr. Foroosh, Dr. Kusnoto does know what an orthodontist would have encountered 

IPR2024-00052:
EX2054, 45:8-19, 60:23-61:4; EX2030 ¶¶61-65; Paper 20, 21-24
IPR2024-00110:
EX2054, 45:8-19, 60:23-61:4; EX2030 ¶¶61-65; Paper 16, 25-29



Petition (IPR2024-00052, Paper 2), 22-23

Petitioner’s Motivation to Combine Is Unsupported 
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DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Invisalign does not teach 
evaluation of aligner fit 
based simply upon the 
appearance 

Kim does not teach analysis 
of a photo or video of the 
aligner worn by the patient

“This combination would be applying known
methods for orthodontic evaluation of aligner
fit based upon the appearance of the aligner
worn on the patient’s teeth, as taught by
Invisalign in order to analyze a photo or video
of the aligner worn by the patient, as taught by
Kim, thereby providing feedback regarding
tooth-aligner separation to aid an orthodontist
regarding whether the clear aligner is normal
and corresponds to an appropriate step of
treatment.”

In 2017, orthodontists did not make quantitative evaluations 
of aligner fit from images and there was no way to do so

Petitioner incorrectly alleges that its combination uses methods known in the art

IPR2024-00052:
Paper 2, 22-23; Paper 20, 47-54; Paper 30, 13-17; EX2030, 
¶¶45, 64, 69 
IPR2024-00110:
Paper 2, 20; Paper 16, 36-41, 43-46; Paper 25, 7-10; EX2030, 
¶¶45, 64, 69



Petitioner’s Motivation to Combine Is Unsupported 
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DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Foroosh Tr. (EX2054), 74:9-16, 13:11-15

Q. Does Invisalign tell an orthodontist how to measure 
whether a gap is within or over 1 millimeter?

A. Again, how an orthodontist makes that measurement 
is out of the scope of my expertise, out of, I’m going 
to say, my pay grade. But how orthodontists make 
those measurements, I don’t know.

Q. And Kim generally relates to diagnosing and treating 
patients based on those patient-created 
photographs in what Kim calls a “teeth alignment 
report” [i.e., tooth positions]; right?

A. Yes.

Kusnoto Decl. (EX2030), ¶¶45, 64, 76

¶64: “In reality, there was no way to make quantitative 
evaluations of aligner fit from visual inspection of a 
digital image in 2017. . . . instead, orthodontists relied 
on visual approximations.”

¶76: “A POSA would not have understood Kim to 
suggest assessing aligner fit from a photograph. 
Assessing aligner fit is different from assessing teeth 
alignment.”

Unlike Dr. Foroosh, Dr. Kusnoto does know how an orthodontist assessed aligner fit

¶45: As of 2017, “conventional in-person aligner 
treatment examinations . . . did not involve quantitative 
measurements concerning aligner fit. . .”

Dr. Foroosh does not know how orthodontists assess separation in-person

IPR2024-00052:
EX2054, 74:9-16, 13:11-15; EX2030, ¶¶45, 64, 76; Paper 20, 5, 21-24, 28-29, 47-48, 49-51; Paper 30, 1-4, 14-15, 16-17, 18
IPR2024-00110:
EX2054, 74:9-16, 13:11-15; EX2030, ¶¶45, 64, 76; Paper 16, 5, 23-26, 27-29, 36-38, 38-43, 52, 55-56; Paper 25, 1-6, 7, 10, 13-14



Align Press Release
(IPR2024-00052, EX2008)

Align Technology CEO, Joe Hogan:

Petitioner’s Motivation to Combine Is Unsupported 

IPR2024-00052: EX2008; Paper 20, 25
IPR2024-00110: EX2007; Paper 16, 30
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DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Petitioner admits that orthodontists did not assess aligner fit from images in 2017



Salah’s Method Uses Teeth Positions

22
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DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Salah (EX1008)

Salah does not:

Salah: 

• suggest remotely assessing aligner fit

• assesses tooth positions by updating 3D models of a 
patient’s teeth

• concerns tracking the movement of teeth, not an apparatus 
moving them

• suggest taking images of aligners in a service position

• suggest analyzing images with an aligner in a service position

• encourage use of deep learning

Salah never purports to disclose a novel way to assess aligner fit

IPR2024-00052: 
EX1008; Paper 20, 26-30, 54-55; Paper 30, 17-19; EX2028, ¶¶97-
124, 184-194; EX2030, ¶¶80-84
IPR2024-00110: 
EX1008; Paper 16, 31-35, 47-49; Paper 25, 11-12; EX2028, ¶¶94-
122, 148-157; EX2030, ¶¶80-84



Salah Teaches Away From Aligner Contour Analysis

IPR2024-00052:
EX1008, 60:20-22, 60:25-61:1; Paper 20, 29-30, 54-55, 60-61; 
Paper 30, 17-19; EX2028, ¶¶122-124, 171, 191, 197
IPR2024-00110:
EX1008, 60:20-22, 60:25-61:1; Paper 16, 33-35, 48-49; Paper 25, 
11-12; EX2028, ¶¶120-122, 146, 154, 164,166

23
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DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

• Aligners visually blend with teeth and represent areas of low contrast
• Salah teaches away from contour detection with low contrast aligner images

Salah (EX1008), 60:20-22, 60:25-61:1 

Salah recommends use of high contrast outlines identified with high probability and reliability 



Frey Is Not Prior Art And Cannot “Confirm” Motivation

24
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Frey Blog (EX1009)

Frey: 

• is not prior art 

• is not a ground reference and cannot supply missing claim 
element

• does not disclose any non-human analysis of any images

• does not suggest any quantitative assessments of aligner fit 
from any images

• does not suggest using computer or deep learning to analyze 
any images

Frey:

• is derived from Patent Owner

Frey discusses Patent Owner’s own inventive path

IPR2024-00052: 
EX1009; Paper 20, 56-58; Paper 30, 22-23; EX2028, ¶¶169-170, 
192-193; EX2030, ¶¶50-51
IPR2024-00110: 
EX1009; Paper 16, 58-60; 25, 12-13; Paper 25, 12-13; EX2028, 
¶¶144-145, 155-156; EX2030, ¶¶50-51
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DEMONSTRATIVE EXHIBIT – NOT EVIDENCE



Petitioner’s Combination 

IPR2024-00052: 
EX1001, cl. 1; Paper 20, 42-46; Paper 30, 8-13; Paper 2, 26, 37-39

26
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DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Undisputed COB cannot be trained in this way with the identified learning 
base to perform the alleged analysis

’248 Patent (EX1001), cl. 1 “[A] POSA would have been motivated to adapt Salah and Kim’s image
acquisition and analysis apparatus to employ a deep learning architecture
[i.e., Figure 2, COB] as taught by Maninis.”

“Maninis’s deep learning device is trained on a ‘training dataset’ (i.e., a
‘learning base’ as recited in the ’248 patent). EX1007, 3.”

“[P]roviding an appropriately annotated training set” with “labels used to
identify the locations of teeth, aligners, and the gaps between them,” i.e.,
semantic labels.

Using trained COB to detect “boundaries corresponding to the edges of the
teeth and the aligner . . . and the regions defined by these boundaries would
be identified by what was found within each region, such as a particular
tooth, aligner surface, or gap between them,” i.e., semantic contours.

Petitioner relies on COB to perform a semantic analysis to satisfy Step 1(b′′) 



Petition (IPR2024-00052, Paper 2), 34, 36

Petitioner Relies on Maninis COB as Deep Learning Device

27
IPR2024-00052: Paper 20, 42-46; Paper 30, 9-13; Paper 2, 34-41

IPR2024-00052 & IPR2024-00110
DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Petitioner relies 
exclusively on 
Maninis’s COB 
deep learning 
architecture as 
satisfying the “deep 
learning device”



Petition (IPR2024-00052, Paper 2), 26, 34

Petitioner Relies on Maninis COB as Deep Learning Device

28
IPR2024-00052: Paper 20, 42-46, Paper 30, 9-13, Paper 2, 26, 34-41

IPR2024-00052 & IPR2024-00110
DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Petitioner relies 
exclusively on 
Maninis’s COB 
deep learning 
architecture as 
satisfying the “deep 
learning device”



Petition (IPR2024-00052, Paper 2), 34, 37

Petitioner Relies on Maninis COB Training 

IPR2024-00052: Paper 20, 42-46, Paper 30, 9-13, Paper 2, 34-41
29

IPR2024-00052 & IPR2024-00110
DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Petitioner relies 
exclusively on 
Maninis’s 
description of 
training the COB 
neural network as 
satisfying the 
“trained” by means 
of a learning base 
limitation



Petition (IPR2024-00052, Paper 2), 37

Petitioner Relies on Maninis COB Training 

30IPR2024-00052:
Paper 20, 38, 42-46; Paper 30, 9-13; Paper 2, 25, 34-41

Maninis (IPR2024-00052, EX1007), 3

IPR2024-00052 & IPR2024-00110
DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

• The only values in the Maninis COB training set 
are binary “{0,1}” – i.e. “not part of a contour” 
or “part of a contour”

• It is undisputed that a deep learning device 
trained in this way cannot determine semantic 
contours



Petitioner’s Combination Is Fatally Flawed

31
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Training specific
for one task 

Learning base 
specific for one task 

Deep Learning Device 
structured for the

specific task 

Deep Learning Device 
trained for the specific task 

Output 
resulting from the 

execution of the task

Analysis Image
on which the
task has to

be performed

PHASE OF TRAINING ON A SPECIFIC TASK PHASE OF EXECUTION OF THE TASK

A deep learning device must be trained to perform a specific task

LABELS LABELS

LABELS LABELS

LABELS

LABELS

A deep learning device is designed for a specific task. It is structured to receive a
specific type of training, based on a specific labeled dataset (the learning base).

IPR2024-00052:
EX2028 ¶¶61-67, 172-83, 221-223; Paper 20, 42-43; Paper 30, 8-9



Foroosh Tr. (IPR2024-00052, EX2054), 169:22-171:11

Petitioner’s Combination Is Fatally Flawed

32
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DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Mongan Decl. (IPR2024-00052, EX2028), ¶61

“[G]enerally speaking, deep learning 
needs to be either trained or be a 
pretrained model to perform the task 
that you’re looking for. That task might 
be anything. It could be recognizing a 
pattern, but it could be many other 
things.”

“In other words, it was known that each 
neural network trained for an image 
recognition task is unique and specific to 
the annotated images on which it has been 
trained, and its success (then and now) 
depends on the quality of that training and 
the challenge(s) of the attributes it is tasked 
with recognizing.” 

A deep learning device must be trained to perform a specific task

A deep learning device is designed for a specific task. It is structured to receive a
specific type of training, based on a specific labeled dataset (the learning base).

IPR2024-00052:
EX2028 ¶¶61-67, 172-83, 221-223; Paper 20, 42-43; Paper 30, 8-9; 
EX2054, 169:22-171:11



Petitioner’s Combination Is Fatally Flawed

33
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DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Output 1
only generic contours,

no classification of objects

Deep Learning
Device 2

trained to determine 
semantic contours 

Deep Learning
Device 1

trained to determine
generic contours 

Analysis Image

A deep learning device must 
be trained to perform 

a specific task

The training and functionality of deep learning devices are determined by their architecture 

Output 2
pixel-wise identification of 

objects by class (represented 
here by different colors)

IPR2024-00052:
EX2028 ¶¶61-67, 172-83, 221-223; Paper 20, 42-43; Paper 30, 8-9, 27-28



Output 1
only generic contours,

no classification of objects

Output 2
pixel-wise identification of 

objects by class (represented 
here by different colors)

Petitioner’s Combination Is Fatally Flawed

34
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Training 2  
to determine semantic contours

Training 1
to determine generic contours

Deep Learning
Device 2

(Semantic Contours)

Deep Learning
Device 1

(Generic Contours)

Deep Learning
Device 2

trained to determine 
semantic contours 

Deep Learning
Device 1

trained to determine
generic contours 

Analysis Image

Learning Base 1
(Generic Contours)

The training and functionality of deep learning devices are determined by their architecture 

Learning Base 2
(Semantic Contours)

IPR2024-00052:
EX2028 ¶¶61-67, 172-83, 221-223; Paper 20, 42-43; Paper 30, 8-9, 27-28



Learning Base 1
(Generic Contours)

Learning Base 2
(Semantic Contours)

Petitioner’s Combination Is Fatally Flawed

35
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Training 2  
to determine semantic contours

Training 1
to determine generic contours

Deep Learning
Device 2

(Semantic Contours)

Deep Learning
Device 1

(Generic Contours)

Learning Base 1 cannot 
be used for Training 2 

and vice versa

• Learning Base 1: binary (1, 0) pixel-wise 
annotations (i.e., contour, not contour)

• Learning Base 2: pixel-wise class specific 
annotations (i.e., cat, flower, background)

• Learning Base 2 cannot be used for Training 
1 because it includes information that cannot 
be accepted

• Learning Base 1 cannot be used for Training 
2 because it lacks necessary information

Deep learning devices are not generic or interchangeable

IPR2024-00052:
EX2028 ¶¶61-67, 172-83, 221-223; Paper 20, 42-43; Paper 30, 8-9, 27-28



Petitioner’s Combination Is Fatally Flawed

36
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Training 2  
to determine semantic contours

Deep Learning
Device 2

(Semantic Contours)

Deep Learning
Device 1

(Generic Contours)

Training 1
to determine generic contours

• Training 1 cannot be used for 
Deep Learning Device 2 and 
vice versa

• Training 2 is mathematically 
incompatible with the 
architecture of Deep Learning 
Device 1 and vice versa 

Deep learning devices are not generic or interchangeable
Learning Base 1

(Generic Contours)

Learning Base 2
(Semantic Contours)

IPR2024-00052:
EX2028 ¶¶61-67, 172-83, 221-223; Paper 20, 42-43; 
Paper 30, 8-9, 27-28



Output 1
only generic contours,

no classification of objects

Deep Learning
Device 2

trained to determine 
semantic contours 

Deep Learning
Device 1

trained to determine
generic contours 

Analysis Image

Petitioner’s Combination Is Fatally Flawed

37
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Deep Learning Device 1 
cannot determine Output 2 

and vice versa 

Deep learning devices are not generic or interchangeable

IPR2024-00052:
EX2028 ¶¶61-67, 172-83, 221-223; Paper 20, 42-43; 
Paper 30, 8-9, 27-28

Output 2
pixel-wise identification of 

objects by class (represented 
here by different colors)



Petitioner’s Combination Is Fatally Flawed

38
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Deep Learning
Device 1

trained to determine
generic contours 

Analysis 
Image

on which the 
task has to 

be performed 

Output of the DLD 1:
Contours only,

no classification of
any objects

Deep learning devices are not generic or interchangeable

Deep Learning Device 1 is fundamentally incapable of generating semantic contours

Output 2
pixel-wise identification of 

objects by class (represented 
here by different colors)

Output 1
only generic contours,

no classification of objects
IPR2024-00052:
EX2028 ¶¶61-67, 172-83, 221-223; Paper 20, 42-43; 
Paper 30, 8-9, 27-28



Output 1
only generic contours,

no classification of objects

Petitioner’s Combination Is Fatally Flawed

39
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Maninis’s COB is trained on generic contours to output generic contours

Output of Maninis’s COB: Contours only, no identification of any objects

Analysis 
ImageTraining on Binary Data

Learning Base 1
(Generic Contours) DLD 1

Convolutional
Oriented Boundaries

(COB)

DLD 1
Trained Convolutional
Oriented Boundaries  

(COB)Extracted Contours / 
No Semantics

IPR2024-00052:
EX2028 ¶¶125-140, 172-83, 221-223; Paper 20, 30-39, 
42-43; Paper 30, 8-9; EX1007, Fig. 10

At best, COB can be trained to output only generic contours of 
objects in the foreground, but COB is incapable of determining 

the class of any objects in the image



DLD 1′
Trained Convolutional
Oriented Boundaries  

(COB)

Petitioner’s Combination Is Fatally Flawed

40
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Maninis’s COB is trained on generic contours to output generic contours

Output of Maninis’s COB: Contours only, no identification of any objects

Analysis 
ImageTraining on Binary Data

Learning Base 1
(Generic Contours) DLD 1

Convolutional
Oriented Boundaries

(COB)

DLD 1
Trained Convolutional
Oriented Boundaries  

(COB)Extracted Contours / 
No Semantics

Output 1
only generic contours,

no classification of objects

Output 1′
Only generic foreground 

contours, no classification 
of objects

Training on Binary Data

Learning Base 1′
(Generic Contours) DLD 1

Convolutional
Oriented Boundaries

(COB)Extracted Contours / 
No Semantics

IPR2024-00052:
EX2028 ¶¶125-140, 172-83, 221-223; Paper 20, 30-39, 
42-43; Paper 30, 8-9; EX1007, Fig. 10



Petitioner’s Combination Is Fatally Flawed

41
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Maninis uses a second different neural network to determine semantic contours 

Analysis 
Image

Analysis 
ImageTraining

Training on Binary Data

Learning Base 1
(Generic Contours)

Learning Base 2
(Semantic Contours)

DLD 2
Dilated Network

or PSPNet

DLD 1
Convolutional

Oriented Boundaries
(COB)

DLD 2 
Dilated Network

or PSPNet trained

DLD 1
Trained Convolutional
Oriented Boundaries  

(COB)

NOT DISCLOSED IN MANINIS

Extracted Contours / 
No Semantics

Output 1
only generic contours,

no classification of objects

Output 2
pixel-wise identification of 

objects by class (represented 
here by different colors)

Maninis’s COB is trained on generic contours to recognize generic contours

IPR2024-00052:
EX2028 ¶¶125-140, 172-83, 221-223; Paper 20, 30-39, 42-43, 
58-62; Paper 30, 8-13; EX1007, Figs. 10 & 16



Output 2
pixel-wise identification of 

objects by class (represented 
here by different colors)

Petitioner’s Combination Is Fatally Flawed

42
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Analysis 
ImageTraining on Binary Data

DLD 1
Convolutional

Oriented Boundaries
(COB)

DLD 1
Trained Convolutional
Oriented Boundaries  

(COB)

Learning Base 2
(Semantic Contours)

Undisputed COB cannot be trained as alleged in the Petition to perform analysis relied on in the Petition 

The combination in the Petition: elements from two totally different and incompatible neural networks

IPR2024-00052:
EX2028 ¶¶125-140, 172-83, 221-223; Paper 20, 30-39, 42-43, 
58-62; Paper 30, 8-13; EX1007, Figs. 10 & 16



Output 2
pixel-wise identification of 

objects by class (represented 
here by different colors)

Undisputed COB cannot be trained as alleged in the Petition to perform analysis relied on in the Petition 

Petitioner’s Combination Is Fatally Flawed

43
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Analysis 
ImageTraining on Binary Data 

DLD 1
Convolutional

Oriented Boundaries
(COB)

DLD 1
Trained Convolutional
Oriented Boundaries  

(COB)

Learning Base 2
(Semantic Contours) “Maninis’s deep learning device is trained 

on a ‘training dataset’ (i.e., a ‘learning 
base’ as recited in the ’248 patent). 
EX1007 at 3.” 

Petition (IPR2024-00052, Paper 2), 37

Petition (IPR2024-00052, Paper 2), 36

“Applicable deep learning techniques for contour and object 
detection are taught by Maninis. . . . Maninis’s ’contour 
detection’ produces ‘multiscale oriented contours and region 
hierarchies’ using ‘Convolutional Neural Networks (CNNs).’ 
Maninis’s ‘deep learning architecture,’ illustrated below . . .” 

IPR2024-00052:
EX2028 ¶¶125-140, 172-83, 221-223; Paper 20, 30-39, 42-43, 
58-62; Paper 30, 8-13; Paper 2, 36, 37; EX1007, Figs. 10 & 16

The combination in the Petition: elements from two totally different and incompatible neural networks



Output 2
pixel-wise identification of 

objects by class (represented 
here by different colors)

Petitioner’s Combination Is Fatally Flawed

44
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Analysis 
ImageTraining on Binary Data 

DLD 1
Convolutional

Oriented Boundaries
(COB)

DLD 1
Trained Convolutional
Oriented Boundaries  

(COB)

Learning Base 2
(Semantic Contours)

“[A]n appropriately annotated training set 
and . . . labels used to identify the 
locations of teeth, aligners, and the gaps 
between them.”

Petition (IPR2024-0005, Paper 2), 38

Undisputed COB cannot be trained as alleged in the Petition to perform analysis relied on in the Petition 

“Maninis’s contour detection detects hierarchies 
of regions containing objects. EX1007, 
Abstract, 3-5. . . . Additionally, this analysis 
would generate tooth attributes, including the 
locations of the surfaces of the tooth and 
aligner (corresponding to detected contours), 
as well as the measured separation between 
them (the distance between the contours).”

Petition (IPR2024-0005, Paper 2), 40-41

IPR2024-00052:
EX2028 ¶¶125-140, 172-83, 221-223; Paper 20, 30-39, 42-43, 58-62; 
Paper 30, 8-13; Paper 2, 38, 40-41; EX1007, Figs. 10 & 16

The combination in the Petition: elements from two totally different and incompatible neural networks



Petitioner’s Reply Combination Is Equally Flawed

45
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Analysis 
Image

Analysis 
Image

Training on Binary Data 

DLD 1
Convolutional

Oriented Boundaries
(COB)

DLD 2 
Dilated Network

or PSPNet trained

DLD 1
Trained Convolutional
Oriented Boundaries  

(COB)

Learning Base 2
(Semantic Contours)

No second learning base

No second training

No reliance on coupling outputs

No claim mapping for two neural networks

Petition and Reply contain:

Output 1
only generic contours,

no classification of objects

IPR2024-00052:
EX2028 ¶¶125-140, 172-83, 221-223; Paper 20, 30-39, 42-43, 
58-62; Paper 25, 9-12; Paper 30, 8-13; EX1007, Figs. 10 & 16

The combination in the Petition: elements from two totally different and incompatible neural networks

Output 2
pixel-wise identification of 

objects by class (represented 
here by different colors)



Petitioner’s Reply Combination Is Fatally Flawed

46
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Analysis 
Image

DLD 2 
Dilated Network

or PSPNet trained

Petitioner provides no motivation to use any other 
neural network without COB

Petition (IPR2024-00052, Paper 2), 25

“For example, Maninis teaches that the ‘latest wave of
contour detectors takes advantage of deep learning to
obtain state-of-the-art results.’ EX1007, 2. Further,
Maninis provides a flexible, ‘modular’ technique that
‘can incorporate and benefit from future improvements
in the base CNN.’ Id. Maninis’ technique also achieves
improvements relative to ‘recent approaches to contour
detection using deep learning.’ EX1007, 3, 9 (‘Overall,
comparing to previous state-of-the-art, we get a
significant improvement at a fraction of the computation
time (24.37 to 0.79 seconds).’), 11-12 (improved object
identification); EX1002, ¶77.”

Petitioner’s sole motivation relies on the use of Maninis’s COB

IPR2024-00052:
EX2028 ¶¶125-140, 172-83, 221-223; Paper 20, 30-39, 42-43, 58-62; 
Paper 2, 25; Paper 25, 9-12; Paper 30, 8-13; EX1007, Figs. 10 & 16

Alleged advantages not attributable to 
Dilated Network or PSPNet

Output 2
pixel-wise identification of 

objects by class (represented 
here by different colors)



State of the Art for Aligner Fit Assessment 3

’248 Patent 8

No Motivation to Assess Aligner Fit from Aligner Images 11

No Motivation to Combine Kim, Invisalign, and Salah with Maninis 25

Maninis is Not Prior Art 47

Level of Skill in the Art 51

Semantic Contours Are Not “Tooth Attributes” (Claims 7 and 14) 63

Petitioner Identifies No Deep Learning Device That Can Train 
On or Output “Image Attributes” (Claim 8) 72

’945 Patent 74

47
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE



Maninis Is Not Prior Art

48

• Maninis bears only its 
submission date

• Petitioner cannot identify 
Maninis’s publication date

IPR2024-00052: Paper 20, 40-42; Paper 30, 6-7

IPR2024-00052 & IPR2024-00110
DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Maninis (EX1007)

Submission Date



Foroosh’s Declaration (IPR2024-00052, EX1002), ¶58

Maninis Is Not Prior Art

IPR2024-00052: Paper 20, 40-42; Paper 30, 6-7; EX1002, ¶58
49

Patent Owner’s Response (IPR2024-00052, Paper 20), 41

Version 1 
(EX1021)

Second, Petitioner cites an archived copy of the author’s institutional web
page prior to July 21, 2017, which links to the arXiv.org URL for Maninis.
EX1024; EX1002, ¶67. However, there was an earlier version of Maninis,
on which Petitioner does not rely in this IPR. EX1002, ¶62. Both versions
of Maninis’s paper share the same URL, so the existence of a link to that
URL suggests only that one of the two versions had published as of the
archived date— i.e. the first version. EX2048, 235:5-236:8.

IPR2024-00052 & IPR2024-00110
DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

The archived links are not probative of publication



Maninis Is Not Prior Art

IPR2024-00052:
EX1002; Paper 20, 40-42; Paper 30, 6-7; Paper 34, 5-9

50

• The arXiv.org webpage exhibits are hearsay as to any alleged policy (FRE 801, 802)

• Dr. Foroosh lacks personal knowledge of what arXiv.org did with the Maninis 
submission (FRE 602)

• Dr. Foroosh’s opinions regarding arXiv.org’s practices and Maninis’s publication date 
are unqualified (FRE 701, 702)

EX1022 EX1023 EX1025 EX1026

Subject to Patent Owner’s Motion to Exclude

EX1002 ¶¶53-58

IPR2024-00052 & IPR2024-00110
DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Petitioner’s evidence of arXiv.org’s alleged policies is not admissible



State of the Art for Aligner Fit Assessment 3

’248 Patent 8

No Motivation to Assess Aligner Fit from Aligner Images 11

No Motivation to Combine Kim, Invisalign, and Salah with Maninis 25

Maninis is Not Prior Art 47

Level of Skill in the Art 51

Semantic Contours Are Not “Tooth Attributes” (Claims 7 and 14) 63

Petitioner Identifies No Deep Learning Device That Can Train 
On or Output “Image Attributes” (Claim 8) 72

’945 Patent 74

51
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE



Level of Skill in the Art

IPR2024-00052, Paper 2, 14; Paper 20, 3-4
IPR2024-00110, Paper 2, 12-13; Paper 16, 3-4

52
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

“A POSA could be a member of an interdisciplinary team including persons with
backgrounds such as electrical engineering, computer science, optical imaging,
and dentistry or orthodontics, and could call upon the knowledge of other team
members as appropriate.”

Petitioner:

“A POSA would have also worked as part of a multi-disciplinary team, which
would have included individuals familiar with medical imaging, dental imaging,
dentistry, and/or orthodontics.”

Patent Owner:

The parties agree that a POSA would have dental expertise at least where “appropriate”



Level of Skill in the Art

IPR2024-00052:
EX1002, ¶¶72-74; EX1005, [0001], [0008]-[0009]; EX2028, 
¶¶68-86; EX2030, ¶¶70-79; Paper 20, 4, 21-22
IPR2024-00110:
EX1002, ¶¶59-61; EX1005, [0001], [0008]-[0009]; EX2028, 
¶¶66-83; EX2030, ¶¶70-79; Paper 16, 4-5, 20-21

53

Kim (EX1005), [0001], [0008]-[0009]

IPR2024-00052 & IPR2024-00110
DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

*  *  *

There is no dispute that Kim, Invisalign, and Salah all address problems in the dental and orthodontic field



Invisalign (EX1006), i

Level of Skill in the Art

IPR2024-00052:
EX1002, ¶¶72-74; EX1006, i; EX2028, ¶¶87-96; EX2030, 
¶¶58-69; Paper 20, 4, 23-26
IPR2024-00110:
EX1002, ¶¶59-61; EX1006, i; EX2028, ¶¶84-93; EX2030, 
¶¶58-69; Paper 16, 4-5, 27-29

54
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

There is no dispute that Kim, Invisalign, and Salah all address problems in the dental and orthodontic field



Salah (EX1008), 2:2-6, 12-24

Level of Skill in the Art

IPR2024-00052:
EX1002, ¶¶72-74; EX1008, 2:2-6, 12-24, EX2028, ¶¶97-
98, 122-124; EX2030, ¶¶80-84; Paper 20, 4, 28-29 
IPR2024-00110:
EX1002, ¶¶59-61; EX1008, 2:2-6, 12-24, EX2028, ¶¶94-
95, 120-122; EX2030, ¶¶80-84; Paper 16, 4-5, 33-34 

55
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

There is no dispute that Kim, Invisalign, and Salah all address problems in the dental and orthodontic field



Level of Skill in the Art

IPR2024-00052: Paper 20, 4; EX2028, 3-19, 50; EX2029; EX2030, ¶¶3-12, 24-57; EX2031
IPR2024-00110: Paper 16, 4-5; EX2028, 3-18, 49; EX2029; EX2030, ¶¶3-12, 24-57; EX2031 56

• Professor in Department of Radiology and Biomedical 
Imaging at UCSF

• Involved in machine learning, deep learning, and
neural networks for his entire career

• Consulted with Dr. Kusnoto in forming his opinions

Dr. Budi Kusnoto, 
D.D.S., M.S.

Patent Owner’s 
Dental Expert

• Practicing clinician, researcher, and academic in 
orthodontics for twenty-five years

• Personal experience with relevant dental imaging
and equipment

Dr. John Mongan, 
MD, Ph.D.

Patent Owner’s 
Technical Expert

IPR2024-00052 & IPR2024-00110
DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Drs. Mongan and Kusnoto have the requisite experience



Level of Skill in the Art

57

• Dr. Foroosh has with no professional training 
or experience dentistry or orthodontics

• Dr. Foroosh did not consult with a team 
member with that experience in forming his 
opinions

• Dr. Foroosh’s one engagement analyzing 
dental images is inadequate

Dr. Hassan 
Foroosh, Ph.D.

Petitioner’s 
Only Expert

Dr. Foroosh is not a POSA under either party’s definition

IPR2024-00052: Paper 20, 5; Paper 30, 4; EX2048, 11:9-11, 12:19-22, 13:12-23, 19:20-20:16, 129:3-130:11
IPR2024-00110: Paper 16, 5; Paper 25, 5-6; EX2048, 11:9-11, 12:19-22, 13:12-23, 19:20-20:16, 129:3-130:11

IPR2024-00052 & IPR2024-00110
DEMONSTRATIVE EXHIBIT – NOT EVIDENCE



Level of Skill in the Art

58

Dr. Hassan 
Foroosh, Ph.D.

Petitioner’s 
Only Expert

Foroosh Tr. (EX20650), 46:22-47:4

Q. And outside of your work for this case, have 
you ever had an occasion to look at an aligner 
and make a judgment call of whether an 
aligner is seating well or not?

A. I’m not a dentist. I’m not an orthodontist. So, 
therefore, I have not been involved in making 
those judgment calls.

Dr. Foroosh has no practical dental or orthodontic experience

IPR2024-00052: Paper 20, 5; Paper 30, 4; EX2048, 11:9-11, 12:19-22, 13:12-23, 19:20-20:16, 129:3-130:11
IPR2024-00110: Paper 16, 5; Paper 25, 5-6; EX2048, 11:9-11, 12:19-22, 13:12-23, 19:20-20:16, 129:3-130:11

IPR2024-00052 & IPR2024-00110
DEMONSTRATIVE EXHIBIT – NOT EVIDENCE



Level of Skill in the Art

59

Dr. Hassan 
Foroosh, Ph.D.

Petitioner’s 
Only Expert

Foroosh Tr. (EX2054), 74:9-16

Q. Does Invisalign tell an orthodontist how to 
measure whether a gap is within or over 1 
millimeter?

A. Again, how an orthodontist makes that 
measurement is out of the scope of my 
expertise, out of, I’m going to say, my pay 
grade. But how orthodontists make those 
measurements, I don’t know.

Dr. Foroosh does not know how orthodontists assess separation in-person

IPR2024-00052: Paper 20, 5; Paper 30, 4; EX2048, 11:9-11, 12:19-22, 13:12-23, 19:20-20:16, 129:3-130:11
IPR2024-00110: Paper 16, 5; Paper 25, 5-6; EX2048, 11:9-11, 12:19-22, 13:12-23, 19:20-20:16, 129:3-130:11

IPR2024-00052 & IPR2024-00110
DEMONSTRATIVE EXHIBIT – NOT EVIDENCE



Level of Skill in the Art

60

Dr. Hassan 
Foroosh, Ph.D.

Petitioner’s 
Only Expert

Foroosh Tr. (EX2054), 60:18-61:4 & 45:8-19

Q. How common is it for an orthodontist to see an aligner that looks like this in 
this position during a regular checkup?

A. Again, you want me to provide an opinion of how things may be seen in a 
dentist’s office. I’m not a dentist. I’ve never practiced as a dentist. I don’t 
know how common it is, as you refer to it, to see this particular situation. I 
don’t know. I have no idea.

Q. Is it your view that the figure you just referred to on page 1 of Invisalign is 
representative of what an orthodontist would encounter for an aligner that is 
fitting poorly?

A. Again, the people who have drafted this document, I know that some of 
them are probably dentists or orthodontist. I don’t know what an orthodontist 
would encounter. I mean, I don’t know the answer to a question.

Dr. Foroosh admitted to having “no idea” if Figure A in Invisalign is representative

IPR2024-00052 & IPR2024-00110
DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

IPR2024-00052: 
Paper 19, 6; EX2048, 11:9-11; 12:19-22, 13:12-23, 19:20-20:11, 129:3-130:11; Paper 29, 3-4



Level of Skill in the Art

IPR2024-00052: Paper 20, 49-51; EX2048, 66:8-15
IPR2024-00110: Paper 16, 38-41; EX2048, 66:8-15

61

Dr. Hassan 
Foroosh, Ph.D.

Petitioner’s 
Only Expert

Foroosh Tr. (EX2054), 66:8-15

IPR2024-00052 & IPR2024-00110
DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Q. And if you don’t know how a dentist would use 
a scaler to check retention, how did that 
teaching factor into your opinions?

A. It didn’t. I said that that’s in-office operations or 
treatments, and I said that I consider Invisalign 
not a remote treatment disclosure . . .

Dr. Foroosh disregarded portions of the references that he could not understand



?

Level of Skill in the Art

62

• Petition is not supported by any dental expert

• Petitioner improperly refers to declaration of its 
dental expert in a different IPR that is not evidence 
here and should be disregarded

• Dr. Valley’s prior testimony does not address Kim, 
Invisalign, or assessing aligner treatment

• Dr. Foroosh did not consult Dr. Valley (or any 
orthodontist or dentist) in forming his opinions

IPR2024-00052 & IPR2024-00110
DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Dr. Valley’s declaration from a different IPR cannot fill the gap

IPR2024-00052: Paper 25, 2-3; Paper 30, 4
IPR2024-00110: Paper 20, 2-3; Paper 25, 5-6



State of the Art for Aligner Fit Assessment 3

’248 Patent 8

No Motivation to Assess Aligner Fit from Aligner Images 11

No Motivation to Combine Kim, Invisalign, and Salah with Maninis 25

Maninis is Not Prior Art 47

Level of Skill in the Art 51

Semantic Contours Are Not “Tooth Attributes” (Claims 7 and 14) 63

Petitioner Identifies No Deep Learning Device That Can Train 
On or Output “Image Attributes” (Claim 8) 72

’945 Patent 74

63
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE



Petitioner’s Combination Is Fatally Flawed

64
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Training 2  
to determine image 

attribute values

Training 1
to determine tooth attribute 

value for a tooth zone

Deep Learning
Device 2

(Image attribute value)

Deep Learning
Device 1

(Tooth attribute value 
for a tooth zone)

Deep Learning
Device 2

trained to determine 
image attribute value

Deep Learning
Device 1

trained to determine tooth 
attribute value for a tooth zone

Analysis Image

Detailed analysis method (claims 7 and 14)

Global analysis method (claim 8)

Learning Base 1
(Tooth attribute value for a tooth zone)

Tooth 7 Tooth 3 Tooth 5

Output 2
Image attribute value

NOT 
ACCEPTABLE 

’248 Patent discloses and separately claims detailed and global analysis methods

Output 1
Tooth attribute value for a tooth zone

Tooth 3

Learning Base 2
(Image attribute value)

Acceptable Not
Acceptable

Not
Acceptable

IPR2024-00052: EX2028 ¶¶125-140, 172-83, 221-223; Paper 20, 11-
14, 30-39, 42-43, 63-66; Paper 30, 4-6, 23-26; EX2055; EX2063; 
EX1006, 1



Learning Base 1
(Tooth attribute value for a tooth zone)

Tooth 7 Tooth 3 Tooth 5

Output 1
Tooth attribute value for a tooth zone

Tooth 3

Petitioner’s Combination Is Fatally Flawed

65

Training 1
to determine tooth attribute 

value for a tooth zone

Deep Learning
Device 1

(Tooth attribute value 
for a tooth zone)

Deep Learning
Device 1

trained to determine tooth 
attribute value for a tooth zone

Analysis Image

Detailed analysis method (claims 7 and 14)

“Maninis’s ‘pixel-wise semantic 
annotations’ indicate which pixels 
correspond to each object in a given 
image, with objects’ edges indicated 
by changes from one annotation to 
another.” 

Petition (IPR2024-00052 Paper 2), 46

“[T]he edges of the regions correspond to the edges of 
teeth and aligners, and the distance spanned by the 
gap between these edges corresponds to the separation 
between the tooth and the corresponding part of the 
aligner.”

Foroosh’s Decl. (IPR2024-00052 EX1002), ¶136

POR (Paper 20), 65

Petitioner’s combination relies on pixel-wise semantic annotations of images 

Petitioner’s pixel-wise semantic contours are not a tooth attribute value

IPR2024-00052: EX2028 ¶¶125-140, 172-83, 221-223; Paper 20, 11-14, 
30-39, 42-43, 63-66; Paper 30, 4-6, 23-26; Paper 2, 46; EX1002 ¶136; 
EX2055; EX2063; EX1006, 1

IPR2024-00052 & IPR2024-00110
DEMONSTRATIVE EXHIBIT – NOT EVIDENCE



Patent Owner’s Construction (Paper 20), 14 Petitioner’s Construction (Paper 2), 16

The “tooth attribute” recited in claim 1
includes any attribute of a tooth that may
relate to the tooth’s separation from an
aligner, including attributes specific to
the tooth or to the aligner, such as their
respective positions or edges, which may
bear a relation to the separation between
the tooth and the aligner.

Claim Construction – Contours Cannot Be “Tooth Attributes”

66
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Petitioner’s construction equating “tooth
zone” and “tooth attribute” should be
rejected, and “tooth attribute” construed
as: attribute of a tooth.

Petitioner’s construction is overly broad by including “respective positions or edges”

IPR2024-00052:
Paper 2, 16; Paper 20, 11-14, 63-66; Paper 30, 4-6, 23-26; 
EX2028 ¶¶142-149



’248 Patent (EX1001), 7:64-8:7, 28:48-50

Claim Construction – Contours Cannot Be “Tooth Attributes”

67
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Tooth attributes do not include:

Tooth attributes include: 

• contours

• tooth number

• tooth or aligner edges

• tooth type

• tooth shape

• tooth condition or appearance

All “tooth attributes” in the ’248 Patent are attributes of a tooth

• maximal or mean separation between 
the tooth and corresponding aligner 

IPR2024-00052:
EX1001, 7:64-8:7, 28:48-50; Paper 20, 11-14, 63-66; 
Paper 30, 4-6, 23-26; EX2028 ¶¶142-149



’248 Patent (IPR2024-00052, EX1001), Cl. 7

Claim Construction – Contours Cannot Be “Tooth Attributes”

68
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

tooth zone = area or region

tooth attribute = attribute of a tooth

Petitioner conflates the distinct “tooth zone” and “tooth attribute”

IPR2024-00052:
EX1001, cl. 7; Paper 20, 11-14, 63-66; Paper 30, 4-6, 23-26



Petitioner’s Combination Is Fatally Flawed

69

In detailed image analysis, the deep learning device is trained on tooth attribute values
’248 Patent (EX1001), 15:16-16:63

IPR2024-00052: EX1001, 15:16-16:63; EX2028 ¶¶125-140, 172-83, 
221-223; Paper 20, 11-14, 30-39, 42-43, 63-66; Paper 30, 4-6, 23-26

IPR2024-00052 & IPR2024-00110
DEMONSTRATIVE EXHIBIT – NOT EVIDENCE



’248 Patent (EX1001), 17:8-34

Petitioner’s Combination Is Fatally Flawed

70

In global image analysis, the deep learning device is trained on image attribute values

IPR2024-00052 & IPR2024-00110
DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

IPR2024-00052: EX1001, 17:8-34; EX2028 ¶¶125-140, 172-83, 221-
223; Paper 20, 11-14, 30-39, 42-43, 63-66; Paper 30, 4-6, 23-26



’248 Patent (EX1001)

Petitioner’s Combination Is Fatally Flawed

71

The patent claims these analyses separately

Detailed Image Analysis Global Image Analysis

IPR2024-00052 & IPR2024-00110
DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

IPR2024-00052: EX1001, cls. 7-8; EX2028 ¶¶125-140, 172-83, 221-
223; Paper 20, 11-14, 30-39, 42-43, 63-66; Paper 30, 4-6, 23-26



State of the Art for Aligner Fit Assessment 3

’248 Patent 8

No Motivation to Assess Aligner Fit from Aligner Images 11

No Motivation to Combine Kim, Invisalign, and Salah with Maninis 25

Maninis is Not Prior Art 47

Level of Skill in the Art 51

Semantic Contours Are Not “Tooth Attributes” (Claims 7 and 14) 63

Petitioner Identifies No Deep Learning Device That Can Train 
On or Output “Image Attributes” (Claim 8) 72

’945 Patent 74

72
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE



Petitioner’s Combination Is Fatally Flawed

73
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

• Petitioner identifies no deep learning device that can be trained on image attribute 
values to output image attribute values

• Petitioner relies on pixel-wise annotations that are regional attributes, not image 
attributes

’248 Patent discloses and separately claims detailed and global analysis methods

IPR2024-00052: EX2028 ¶¶125-140, 172-83, 221-223; Paper 20, 
12, 30-39, 42-43, 66-70; Paper 30, 4-6, 26-28; EX2055; EX1006, 1

Training 2  
to determine image 

attribute values

Deep Learning
Device 2

(Image attribute value)

Deep Learning
Device 2

trained to determine 
image attribute value

Analysis Image

Global analysis method (claim 8)

Output 2
Image attribute value

NOT 
ACCEPTABLE 

Learning Base 2
(Image attribute value)

Acceptable Not
Acceptable

Not
Acceptable



State of the Art for Aligner Fit Assessment 3

’248 Patent 8

No Motivation to Assess Aligner Fit from Aligner Images 11

No Motivation to Combine Kim, Invisalign, and Salah with Maninis 25

Maninis is Not Prior Art 47

Level of Skill in the Art 51

Semantic Contours Are Not “Tooth Attributes” (Claims 7 and 14) 63

Petitioner Identifies No Deep Learning Device That Can Train 
On or Output “Image Attributes” (Claim 8) 72

’945 Patent 74

74
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE



The Challenged ’945 Patent

IPR2024-00110: EX1001, cl. 1; Paper 16, 10-14
75

IPR2024-00052 & IPR2024-00110
DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

’945 Patent (IPR2024-00110, EX1001), Cl. 1

The ’945 Patent claims new and improved methods to assess aligner fit using image analysis 



No Motivation to Assess Aligner Fit From Aligner Images

76
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Petitioner’s ground references do not:

Petitioner’s ground references: 

suggest remotely assessing aligner fit

Kim and Salah assess treatment progress using teeth 
positions

Invisalign assesses aligner fit through combination of 
steps performed in person

suggest taking images of aligners in a service position

suggest analyzing image with an aligner in a service position

Kim (EX1005)

Invisalign (EX1006)

Salah (EX1008)

IPR2024-00110: Paper 16 at 36-50; Paper 25, 13-17; 
EX2028, ¶¶148-157



Claim Construction – “Interior And Exterior Tooth Outlines” 
“For Each of a Plurality of Teeth”

77
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

• Claims require “not only the use of image processing software to 
determine contours, but also that the contour belongs to a tooth or an 
aligner, and that the interior and exterior tooth outlines correspond to 
the same tooth”

Patent Owner:

• Petitioner says this “makes no difference to the case presented in the 
petition” and “the petition expressly proposed detecting outlines of the 
free ends of each tooth (and the corresponding parts of the aligner)”

Petitioner:

Petitioner agrees the method must distinguish tooth and aligner outlines for each tooth

IPR2024-00110: Paper 16, 17; Paper 20, 5-6; Paper 25, 4-6



Petitioner’s Combination Is Fatally Flawed

IPR2024-00110: 
EX1001, cl. 1; Paper 16, 50-58; EX2028, ¶¶158-170

78
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

• Petitioner relies on 
Salah’s detection of 
generic contours

• Petitioner identifies no
way to distinguish tooth 
and aligner outlines for 
each tooth

Petitioner agrees the method must distinguish tooth and aligner outlines for each tooth



Alternative Slides (31-38)



Petitioner’s Combination Is Fatally Flawed

80
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Training specific
for one task 

Learning base 
specific for one task 

Deep Learning Device 
structured for the

specific task 

Deep Learning Device 
trained for the specific task 

Output 
resulting from the 

execution of the task

Analysis Image
on which the
task has to

be performed

PHASE OF TRAINING ON A SPECIFIC TASK PHASE OF EXECUTION OF THE TASK

A deep learning device must be trained to perform a specific task

A deep learning device is designed for a specific task. It is structured to receive a
specific type of training, based on a specific labeled dataset (the learning base).

IPR2024-00052: EX2028 ¶¶61-67, 172-83, 221-223; Paper 20, 42-
43; Paper 30, 8-9; EX1007, Fig. 10

LABELS LABELS LABELS



Foroosh Tr. (IPR2024-00052, EX2054), 169:22-171:11

Petitioner’s Combination Is Fatally Flawed

81
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Mongan Decl. (IPR2024-00052, EX2028), ¶61

“[G]enerally speaking, deep learning 
needs to be either trained or be a 
pretrained model to perform the task 
that you’re looking for. That task might 
be anything. It could be recognizing a 
pattern, but it could be many other 
things.”

“In other words, it was known that each 
neural network trained for an image 
recognition task is unique and specific to 
the annotated images on which it has been 
trained, and its success (then and now) 
depends on the quality of that training and 
the challenge(s) of the attributes it is tasked 
with recognizing.” 

A deep learning device must be trained to perform a specific task

A deep learning device is designed for a specific task. It is structured to receive a
specific type of training, based on a specific labeled dataset (the learning base).

IPR2024-00052:
EX2028 ¶¶61-67, 172-83, 221-223; Paper 20, 42-43; Paper 30, 8-9; 
EX2054, 169:22-171:11



Petitioner’s Combination Is Fatally Flawed

82
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Deep Learning
Device 2

trained to determine 
semantic contours 

Deep Learning
Device 1

trained to determine
generic contours 

A deep learning device must 
be trained to perform 

a specific task

The training and functionality of deep learning devices are determined by their architecture 

IPR2024-00052: EX2028 ¶¶61-67, 172-83, 221-223; Paper 20, 42-43;
Paper 30, 8-9, 27-28; EX1007, Figs. 10 & 16

Analysis 
Image 1

Analysis 
Image 2

Output 1
only generic contours,

no classification of objects

Output 2
pixel-wise identification of 

objects by class (represented 
here by different colors)



Petitioner’s Combination Is Fatally Flawed

83
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Training 2  
to determine semantic contours

Training 1
to determine generic contours

Deep Learning
Device 2

(Semantic Contours)

Deep Learning
Device 1

(Generic Contours)

The training and functionality of deep learning devices are determined by their architecture 

IPR2024-00052: EX2028 ¶¶61-67, 172-83, 221-223; Paper 20, 42-43; 
Paper 30, 8-9, 27-28; EX1007, Figs. 10 & 16

Deep Learning
Device 2

trained to determine 
semantic contours 

Deep Learning
Device 1

trained to determine
generic contours 

Analysis 
Image 1

Analysis 
Image 2

Output 1
only generic contours,

no classification of objects

Output 2
pixel-wise identification of 

objects by class (represented 
here by different colors)

Learning Base 1
(Generic Contours)

Learning Base 2
(Semantic Contours)



Learning Base 2
(Semantic Contours)

Training 2  
to determine semantic contours

Training 1
to determine generic contours

Deep Learning
Device 2

(Semantic Contours)

Deep Learning
Device 1

(Generic Contours)

Learning Base 1
(Generic Contours)

Petitioner’s Combination Is Fatally Flawed

84
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Learning Base 1 cannot 
be used for Training 2 

and vice versa

• Learning Base 1: binary (1, 0) pixel-wise 
annotations (i.e., contour, not contour)

• Learning Base 2: pixel-wise class specific 
annotations (i.e., cat, flower, background)

• Learning Base 2 cannot be used for Training 
1 because it includes information that cannot 
be accepted

• Learning Base 1 cannot be used for Training 
2 because it lacks necessary information

Deep learning devices are not generic or interchangeable

IPR2024-00052: EX2028 ¶¶61-67, 172-83, 221-223; Paper 20, 42-43; 
Paper 30, 8-9, 27-28; EX1007, Figs. 10 & 16



Deep Learning
Device 2

(Semantic Contours)

Deep Learning
Device 1

(Generic Contours)

Learning Base 1
(Generic Contours)

Learning Base 2
(Semantic Contours)

Petitioner’s Combination Is Fatally Flawed

85
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

• Training 1 cannot be used for 
Deep Learning Device 2 and 
vice versa

• Training 2 is mathematically 
incompatible with the 
architecture of Deep Learning 
Device 1 and vice versa 

Deep learning devices are not generic or interchangeable

IPR2024-00052:
EX2028 ¶¶61-67, 172-83, 221-223; Paper 20, 42-43; 
Paper 30, 8-9, 27-28; EX1007, Figs. 10 & 16

Training 2  
to determine semantic contours

Training 1
to determine generic contours



Output 2
pixel-wise identification of 

objects by class (represented 
here by different colors)

Deep Learning
Device 2

trained to determine 
semantic contours 

Deep Learning
Device 1

trained to determine
generic contours 

Analysis 
Image 1

Analysis 
Image 2

Output 1
only generic contours,

no classification of objects

Petitioner’s Combination Is Fatally Flawed

86
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Deep Learning Device 1 
cannot determine Output 2 

and vice versa 

Deep learning devices are not generic or interchangeable

IPR2024-00052:
EX2028 ¶¶61-67, 172-83, 221-223; Paper 20, 42-43; 
Paper 30, 8-9, 27-28; EX1007, Figs. 10 & 16



Petitioner’s Combination Is Fatally Flawed

87
IPR2024-00052 & IPR2024-00110

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Deep Learning
Device 1

trained to determine
generic contours 

Analysis 
Image

on which the 
task has to 

be performed 

Output of the DLD 1:
Contours only,

no classification of
any objects

Deep learning devices are not generic or interchangeable

Deep Learning Device 1 is fundamentally incapable of generating semantic contours

IPR2024-00052:
EX2028 ¶¶61-67, 172-83, 221-223; Paper 20, 42-43; 
Paper 30, 8-9, 27-28; EX1007, Figs. 10 & 16

Output 2
pixel-wise identification of 

objects by class (represented 
here by different colors)

Output 1
only generic contours,

no classification of objects
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