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Washi ngton, DC, Friday, February 23, 2024
9:55 a.m - 3:44 p.m
PROCEEDI NGS
* * * * *
VWHEREUPON,
DR. NI KOLAOCS PAPANI KOLOPOULGS
havi ng been previously first duly sworn, was exam ned
and testified as foll ows:
EXAM NATI ON
BY MR TURNER:

Q Great. Good norning, Doctor.

A Good nor ni ng.

Q And coul d you pronounce your |ast nane for
me, please?

A Sure, N kol aos Papani kol opoul os.

Q Papani kol opoul 0s?

A Yes.

Q Ckay. | apol ogi ze in advance if |
m spronounce it.

A No problem

Q | probably wll.

Do you know why you're here today?

A Yes.

Q Wiy are you here?

A To opi ne about ny declaration about the
scheduling@fortzlegal.com fortzlegal.com Toll Free: 844.730.4066
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SPERO EX. 2041

patent ' 551.

Q Ckay. And do you understand you're here
for a deposition today for two IPRs, |IPR 2023-01039
and | PR 2023-010407?

A Yes.

Q kay. Geat. Have you been deposed
bef or e?

A Yes.

Q Approxi mately, how many tines?

A Five tinmes, including an I TC case.

Q An I TC case. GCkay. Have you been deposed
for an | PR before?

A Yes.

Q And do you renenber the parties in that
| PR?

A It was Canon against an entity. It was
about a video tripwire. It was Toyota against -- |
t hi nk Advances Sol utions or sonething |ike that.

Q So you were offering your opinion for --
on behal f of Toyota?

A. Toyot a and Canon.

Q And was that -- were they the petitioner
or the petition owner in the case?

A They were the petitioner.

Q Ckay. And how did you prepare for your

scheduling@fortzlegal.com fortzlegal.com Toll Free: 844.730.4066



© 00 N O o A W N P

N N N N NN R P P P R R R R R
O A W N P O © 0 N O O A W N B O

MERCEDES-BENZ USA v YECHEZKAL EVAN SPERO Job 28642

PAPANIKOLOPOULOS, DR. NIKOLAOS 02/23/2024 7
deposi tion today?

A So |l try -- since, it's nore than six
nonths since | prepared ny declaration, | |ook at
sonme of the references. | |ook at the declaration.
| had several phone calls with counsel and | cane
her e.

Q (kay. And so which counsel did you neet
wWth to review your declaration?

A Wth Scott.

Q kay. Anyone el se?

A Joe was in and out. Basically, Scott.

Q Ckay. Did you neet with anyone outside of
the law firm Hogan Lovells?

A No.

Q Okay. And which docunents did you review
In preparation for your deposition?

A My decl aration, tw vol unes, each one for
the -- ny bio and basically the '551 patent and sone
references involved |ike Al den, A-L-D E-N

Q Did you review any docunents that are not
referenced in your declaration?

A No.

Q |"mgoing to give you a decl aration here.
Do you recogni ze this docunent?

A Yes.
scheduling@fortzlegal.com fortzlegal.com Toll Free: 844.730.4066
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Q Ckay.

A. This is the first IPR Am| right?

Q Correct. | don't think there's a | abel on
it, but that's -- let's see.

On the top page can you read which patent
I's chall enged or which patent this is in reference
to?

A Pat ent 9, 955, 551.

Q kay. And does it list an | PR nunber on
the front page?

A No. It says case to be assigned.

Q kay.

A There is a side note here.

Q Yeah. That's -- actually, that's ny
Post-it note. So this one -- I'Il just explain to
you this is I PR 2023-01039. | guess your counsel
will let us knowif that's the wong nunber.

A. Yep.

Q Ckay. Can you turn to the |ast page of
t he docunent ?

A. My signature page?

Q Your signature page. So | guess that's
the second to the last page. All right.

Do you recogni ze your signature? |s that
your signature?
scheduling@fortzlegal.com fortzlegal.com Toll Free: 844.730.4066
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A Yes, indeed.

Q Okay. Excellent. So this is Exhibit 1003
fromthe I PR proceeding. So we won't need this as an
exhibit. It's already of record.

Do you renenber how nmuch tinme you spent
preparing this Exhibit 10037

A It's tough to tell because | work al so on
three other IPRs at the sanme tine involving the '503
patent. So | wll say this particular one was around
40 hours total, give and take.

Q kay. And who did you work with while --

I n preparing your declaration?

A. Wth Scott and Sally, the associate who
work here, S-A-L-L-Y.

Q So she also -- she's an attorney with the
sane firm Hogan Lovel | s?

A Yep.

Q Ckay. So who drafted your declaration?

A. | have full control. Sone parts |
drafted. Sone parts were drafted under ny direction.
But every statenent that's contained here had ny
final approval.

Q And what did you rely on in preparing your
decl aration?

A | rely on references |listed on the back on

scheduling@fortzlegal.com fortzlegal.com Toll Free: 844.730.4066
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Appendi x C and sone POSI TA, understandi ng of the
technol ogy at the tinme in 2002 invol ving caner as,
headl i ghts, lighting, optics, conputer vision.

Q So you said you relied on the docunents
listed in your exhibit Iist and al so you said your
under st andi ng of a POSI TA?

A Yes.

Q And what is your understandi ng of the
PCSI TA, what is that based on?

A Let ne goto ny -- |let ne nmake sure that
have -- if you go to page 15: "A person of ordinary
skill inthe art in the field of the '551 would have
had an under graduate degree in nechani cal
engi neering, electrical engineering, autonotive
engi neering, optical engineering, applied physics,
conputer science, or simlar disciplines, along with
two years of experience working with intelligent
vehi cl e systens, autonotive control systens, or
lighting control systens.

"The nore education one has, the |ess
experience needed to attain an ordinary |evel of
skill. Simlarly, nore experience in the field may
serve as a substitute for formal education.”

Q So this is your definition of a person of

ordinary skill in the art from paragraph 33 of your

scheduling@fortzlegal.com fortzlegal.com
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decl aration. That's what you were just reading?

A. That's right.

Q kay. So what is an intelligent vehicle
systemas used in your skill |evel?

A At the time general -- because | have been
working on intelligent vehicle systens since 1994 and
there are sone exanples of ny -- let ne go back.

So if you go -- so if you go to just
bef ore paragraph 14, this is work done in the md
'90s. And | have been working on using caneras in
order to control the traffic light and extend the
traffic signals so the pedestrian can have enough
time to cross the street.

Now, another exanple is basically just
bef ore paragraph 21, page 9 where in | believe 1997,
Wi nter, we use a canera in order to follow a |icense
pl ate and keep a safe distance fromthe car ahead of
us.

So to nme an intelligent vehicle has gone
t hrough several iterations, but this shows that we
have been working on this broader area of controlling
| ights, of basically having this information to
aut ononousl y and sem aut ononously control the car.

So to go back to your question, an

intelligent vehicle is a systemthat can assess its

scheduling@fortzlegal.com fortzlegal.com Toll Free: 844.730.4066
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environnent, the driving intentions of the driver,
and can nmake decisions such as follow ng a path,
avoi di ng obstacles, follow ng the |anes, or
interacting with other vehicles or pedestrians.

In 2002 at the sane tinme as part of the
system that was supported by many agencies, including
the M nnesota Departnment of Transportation, we
coaut hored a paper with OGsama Masoud, M A-S-O U D,
and Gupte, GUP-T-E, on tracking of vehicles and
pedestrians where basically the systemwas able to
det ect headlights and using the headlight information
In order to nmake inferences about the novenent of
cars at night.

So | don't know -- | tried to summari ze.

Q kay. So let's -- all right. So let's go
back a m nute.

So you were just describing this paper you
authored. Is that referenced in your declaration?

A. Yes. This is the paper. M/ paper,
Det ection and C assification of Vehicles published in
the --

Q |"msorry. Sir, are you readi ng?

A Yes. |I'mreading the title. It's
par agr aph 16.

Q Ckay.

scheduling@fortzlegal.com fortzlegal.com Toll Free: 844.730.4066
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A This is the paper. |It's basically still

the nost cited paper. And this particular

transaction is where | happen to be the senior editor

for basically anything that has to do with inmaging
and sensing for intelligent transportati on systens.

And | explain in paragraph 16 how we use
headl ights and taillights in order basically to
direct traffic or basically assist police at traffic
control, if there is an incident, and so on and so
forth, or if you have a situation that may be
dangerous |ike, for exanple, a crash or a pedestrian
or vehicle incident.

Q Al right. So in your paper that's
titled, Detection and O assification of Vehicles,
what type of sensor did you use to detect these
vehi cl es?

A Caner as.

Q Caner as?

A Um hum

Q Were they nounted on a vehicle?

A In this particul ar paper they were nounted

on the side of the highway.
Q So not on the vehicle. So they were in a
fixed |l ocation?

A. In a fixed | ocation.

scheduling@fortzlegal.com fortzlegal.com Toll Free: 844.730.4066
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Q Ckay. And what type of caneras were used?

A These were the prior versions -- these
were Axis systens. | don't know if you're famliar,
A-X-1-S.

Q Pl ease explain. Wat's an Axis systenf

A It's just a canera that basically has a
heating elenent. So basically it can withstand the
weat her conditions and | engths (phonetic) and inmagi ng
sensor and then basically the electronics in order to
get images and transfer the imges to our lab in
order to do the processing on the | aptops, the
conput ati onal resources we had at that tine.

Q So these type of caneras, you said they
woul d transfer the images to a lab to do the
conputations. So this wasn't like a real tine
determ nati on?

MR. HUGHES: (bjection. M scharacterizes
his testinony.

A This was -- if ny recollection is correct,
this was transferred to sonething that's called a
traffic control center in the Twwn Cties controlled
by the M nnesota Departnent of Transportation.

So this was real tinme, and then in the
anal ysis of these systens there were conponents that

were done real tine there and conponents that we did
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SPERO EX. 2041



© 00 N O o A W N P

N N N N NN R P P P R R R R R
O A W N P O © 0 N O O A W N B O

MERCEDES-BENZ USA v YECHEZKAL EVAN SPERO
PAPANIKOLOPOULOS, DR. NIKOLAOS 02/23/2024

Job 28642

15

offline basically to nmake sure that the al gorithns
work or basically try to figure out the ground
truthing; in other words what can be detected, what
cannot be detected, and so on and so forth.

But there was a component of this work
that involved a real tine system outside the Xcel
Center (sic). The Xcel Center is a large sporting
center -- event center in St. Paul where we have --
we have the task after an event happening at night to
noni tor pedestrians and vehi cl es.

This was a real tine because we were
trying actually to control actual traffic light to
direct the traffic, and this continues until now. W
have a system of hundreds of caneras. O course,
they are far nore advanced in the state of Kansas.

W try to assess in real tine the truck
parking availability. Big trucks, they try to park
In the rest areas. So we try to communi cate to the
drivers the openings. So you can see since '94 until
now we are still doing this |ine of work.

BY MR TURNER

Q Okay. And this paper you're referencing,
when was this published?

A 2002.

Q Ckay.

scheduling@fortzlegal.com fortzlegal.com Toll Free: 844.730.4066
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A But you understand that in order to be
publ i shed in 2002, the work was done.

Q Ckay. Now the sensors you used, were
t hese stereo sensors?

MR. HUGHES: bjection. Form

A For this particular paper, no. For the
system at Kansas, these are what we call nulticanera
systens. In other words, there are nultiple caneras
that do the 3-D construction. So think of what we
call N caneras that basically have overl appi ng areas
in order to do this reconstruction basically that is
needed, end recognition.

BY MR TURNER

Q Al right. So you said that for this
paper you were not using stereo sensors. So, again,
what type of sensors were you using?

A Stereo -- it's a stereo system | wll
say we need to separate sensors because we may have
different sensors. But stereo is basically when you
have two or nore caneras, anong ot her
I mpl enent ati ons.

So these were plain caneras, exterior

And, in fact, if nmy nmenory is correct, there is a

figure 2 where we show how we built the background

canmeras, that were detecting vehicle characteristics.
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nodel for the extraction of vehicles at dusk, so when
the lighting is not really good.

Q kay. Now, did you include a copy of this
paper with your declaration?

A No. | don't believe so.

Q Ckay. Do you recogni ze this paper?

A Yes.

Q |s this the paper you were just referring
to?

A Yep.

Q Al'l right. Can you take a |ook at the
bottomright portion of page 37, the paragraph
starting wwth, "Despite."

A "Despite the large anount"? This is where
you want me?

Q Yes.

A Do you want nme to read it |oudly?

Q Well, actually, if you could read about
the bottom quarter of this, the sentence that starts
with -- yeah. Please read the paragraph.

A "Despite the |large anount of literature on
vehi cl e detection and tracking, there has been
relatively little work done in the field of vehicle
classification. This is because vehicle

classification is an inherently hard problem

scheduling@fortzlegal.com fortzlegal.com Toll Free: 844.730.4066
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Moreover, detection and tracking are sinply
prelimnary steps in the task of vehicle
classification."

Q So what do you nean by "detection and
tracking are sinply prelimnary steps in the task of
vehicle classification"?

A There is a logic flowhart that requires
basically to extract features that can be used for
the -- so basically you need to detect the features
such as sign (phonetic) parts, headlights,
taillights. And they basically construct the nodels
that are going to help you do the classification.

And one of the things that we had to do as
part of this project was basically classify bigger
vehicles with respect to snmaller vehicles. And in
particular, if you | ook at the federal standards of
big trucks, we are asked if we can use this
Information in order to classify if this is sonething
-- Six-wheeler or eight-wheeler basically, if ny
menory is correct.

And there is another thing we had at that
time. Do you have a copy of ny resune?

Q Your CV?

A Yeah.

Q | think that was an exhibit to this.

scheduling@fortzlegal.com fortzlegal.com Toll Free: 844.730.4066
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A It was an exhibit, if you can give ne it.

MR TURNER: So this is going to be --
this is Exhibit 1004 fromthe IPR  This was
previously marked.

The paper was not previously marked so we
will mark that now.

(Exhibit A was marked for identification
and was attached to the deposition.)

A. | f you go to the selected recent grants,
this is page -- after ny publications, my publication
list, do you see Sel ected Recent G ants?

BY MR TURNER

Q Let's see. | see book chapters,
conf erence papers.

A. And then Selected Recent Gants. If you
see -- do you see in the mddle it says: "A
Real -tinme Truck Parking Availability Systemfor the
state of Wsconsin; A Real-tinme Truck ParKking
Availability Systemfor the state of Kansas"?

So if you go up, and then towards the
bott om we have sensing --

Q Can you hold on just a second? You said
on this list there's real-time. On, | see.

A Do you see 2016, 2019?

Q kay. "Real-time Truck Parking
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Avail ability Systent --

A -- "Systemfor the state of Wsconsin."

Q Ckay.

A “"A Real -tinme Truck Parking Availability
Systemfor the state of Kansas." And above that we
have "Mi ntenance for the Truck Parking Availability
System over the state of Kansas."

So if we go back to 2000, we are doing a
|l ot of simlar projects for the M nnesota Depart nent
of Transportation and the Departnent of Honel and
Security and the working group agai nst
counterterrorism

And basically the idea was the foll ow ng
-- and | nentioned this in ny declaration -- over at
the 30th Street Station were classified vehicles
based, for exanple, on their novenent and the
possibility of a threat to the infrastructure site.

So think of a big truck parking under the
Light Rail station or the rail station in
Phi | adel phia. So depending on the project there were
di fferent needs for classification. Like, for
exanpl e, classification of a vehicle that may have a
threat, classification of a vehicle that may not
bel ong to the parking area.

Classification of a vehicle that basically

scheduling@fortzlegal.com fortzlegal.com Toll Free: 844.730.4066
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stays too long. So the classification -- ny point is
t hat based on the needs of the particular funding
agency the classification was tailored to their
constraints, to the work scope that we had.

Q So it wasn't classifying a car versus a
truck. This was nore of a threat |evel of the
vehi cl e?

A The first step it was car versus truck.
Second | evel was actually human versus -- because
there was al so perineter enforcenent. So we don't
want -- and the sanme is true here. For exanple, at
the sane tine we had the project from VMDOI, M nnesota
Depart nent of Transportation, nonitoring work zones;

I n other words, nonitoring workers plus trucks plus
traffic next to the work zone.

So the task was actually classified
wor kers, traffic, and big trucks as they were parKking
or they were noving in the work zone.

| don't know if | answered your question.
And if | nmention sonething else which I think is
relevant, if you go to ny resune there is a paper --
in fact, | had to look at this equipnment this week.

Do you see paper -- if you go to journal
publ i cati ons nunber 74 -- if you go journal papers,
| ook at 73 and 74.
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Q Since these aren't page nunbered, can you
put a star -- with the ones you're referencing, can
you just put a little note on the side so then that
will help later with the transcript?

A Yep. So should I put one star or --

Q One star or acircle just soit's a
reference for us |ater.

A So this is a project -- this is -- these
are papers that -- basically, we tried to use a
canmera provided by Honeywell, Inc. in order to count
t he nunber of vehicle occupants inside the vehicle as
t he vehicle noves in an HOV | ane.

And then you see this is work that was
done in 2000. So why is this inportant? Because
this in order to detect the vehicle occupants and
count them you know, because on an HOV | ane you
cannot have nore -- you need to pay extra.

So we devel oped the systemin order to
enforce the usage of the HOV lane. Now, this
I nvol ved sensors --

Q "' msorry. Which nunber are you on?

A 73 and 74.

Q kay. And you said these are from 2000?

A These were published 2000 -- June 2000 and
April 2000.
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Q kay. | think I'm1looking at the wong
ones. Can you read just the title of these papers?

A. Yes. "A Vehicle Cccupant Counting System
Based on Near-Infrared Phenonenol ogy and Fuzzy Neur al
Classification." And the other one was "Automatic
Det ection of Vehicle Occupants-The | magi ng Probl em
and its Solution."

So why am | nentioning this? At the sane
time we're trying to use the techniques |I nentioned
earlier in order to not only detect the vehicle,
classify as a vehicle violating the HOV, because
official vehicles were classified as non-violating,
and then do the task of penetrating the w ndshield
and then count occupants.

So at times you say that we have all these
different projects fitting: Detection, tracking,
classification. Some of these characteristics been
di fferent based on the particular needs of the
project and the work scope.

Q Ckay.

A And | can go -- | don't want to take your
time, but there are several other papers. For
exanpl e, driver fatigue detection. So think of a
canera inside the car that nonitors the driver, if

the driver is fit to drive, and so on and so forth.

scheduling@fortzlegal.com fortzlegal.com Toll Free: 844.730.4066
SPERO EX. 2041



© 00 N O o A W N P

N N N N NN R P P P R R R R R
O A W N P O © 0 N O O A W N B O

MERCEDES-BENZ USA v YECHEZKAL EVAN SPERO

Job 28642

SPERO EX. 2041

PAPANIKOLOPOULOS, DR. NIKOLAOS 02/23/2024 24
This is 19 where lighting was very

| nportant because there were shadows, there were all

sorts of stuff.

Q Okay. Wiy don't we go back to your paper?

A Sur e.

Q So thisis -- | think we narked that as
Exhibit A So you were reading the paragraph on the
bottomright. And | think you stopped right after
your nention of the detection -- "Mreover, detection
and tracking are sinply prelimnary steps in the task
of vehicle classification.”

A. Yep.

Q So do you agree that classification is a
difficult problenf

A In general? At that tine? Gve ne a
little bit of context.

Q In the time you wote this paper, at that
tinme frane.

A. Yeah, agree.

Q Okay. Al right. Can you continue
readi ng that paragraph, please?

A Moreover -- "G ven the wide variety of
shapes and sizes of vehicles within a single category
alone, it is difficult to categorize vehicles using
sinpl e paraneters.”
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You want me to continue?

Q Yes.

A "This task is made even nore difficult
when nmultiple categories are desired. |In real-world
traffic scenes, occlusions, shadows, canera noi se,
changes in lighting and weather conditions are a fact
of life.

“I'n addition, stereo caneras are rarely
used for traffic nonitoring. This makes the recovery
of vehicle paranmeters such as length, w dth, height,
even nore difficult given a single canera view "

You want me to continue?

Q Yes.

A “"The inherent conplexity of stereo
algorithns and the need to solve the correspondence
probl em makes them unfeasible for real-tine
applications."

And it should be noted here that what |'m
saying is actually in the context of what you see in
figure 1, 2, 3, which is basically a highway scene
that may have vehicles going very slowy or being
static, stationary, or basically conpletely parked or
when you have shadows.

What |'mtrying to explain, you know,

there is recovery of structure; in other words, of
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depth, by using nmultiple views of the sane scene
I nstead of having two caneras that require
mai nt enance and things |ike that.

So it should be taken into context of this
particul ar set of applications that | nentioned and
that are depicted in these particular figures.

Q Al right. And these figures -- so these
are images fromthe canera?

A Yeah. You can see the --

Q So |ike on page -- there's a nunber of
| mages on page 39. Are these the ones you're
referring to?

A. 39 is just the |logic used basically.

Q Ckay.

A. And the logic is highlighted by what --
the type of images we're dealing with. But if you
want to see, figure 2 have sonme -- basically the
I nitial background, which is the result of basically
processing imges as they cone inin real time and
t hen applies sone of the math and the | ogic described
her e.

Q So initial background is the -- you're
referring to the image taken by the canmera before
It's processed?

A No. Think of an enpty highway, so -- with
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no one. This is the starting point. Then this is ny
background nodel. Cars are coming in and goi ng out.

| have changes in shadows occlusions. This nodel is
updated. This is the mask, we call it.

Q Ckay.

A And then as new i nages are comng in, we
have this obstruction of the canera (phonetic) imges
inreal time fromthe nodel. And this gives us sone
initial features such as headlights or taillights, if
we're tal king at dusk, or, for exanple, rust or other
subtle salient features that will help us say, okay,
this may belong to a vehicle.

And then we use sonething -- if | recal
correctly, it's called bipartite graph, a graph with
two parts basically, in order basically to match
these features to the thing that we call vehicles or
pedestrians or whatever.

Q (kay. So you're saying in the system --
you described in your paper this is a -- the canera
Is fixed. So you're taking a picture of the
background scene wi thout any vehicles to conpare it
to the vehicles when they're in the scene?

A But if you do this you're going to have
failure very quickly. Wwy? Because basically, this

background nodel changes. Think of a road in the
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norning and a road after it snows -- it's very common
In areas -- or sone rain or sone shadows. So you
need to continuously in real time update this
background nodel .

And this is -- | think the reason why this
paper was cited so many tines -- there are two
reasons. One is actually that we provided a way that
people can do this in real tinme and also a way t hat
we can do the classification as well by using very
noi sy i nformation.

Q |"msorry. Very noisy?

A | nformation. |In other words, |ook at the
quality of the images we are tal king here. | nean,
It'"s not -- it's not the greatest.

Q And you're referring to the i nages on page
39?

A 39, even the background adaptation that
happens. Look, for exanple, figure 4, the top row, A
and B.

Figure 4, that's on page 42, correct?
Yep.

Ckay.

A The top ones. And then going back to the

O > O

classification -- if you can go at figure 9 you can

see snapshots of different car, truck classification
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results. Cars are shown surrounded by their boundi ng
box. Non-cars are nmarked by draw ng the di agonal s of
t he boundi ng box.

And you can see sone of the operation of
the systemin real tinme. So you can see the
classification was basically -- it gives you nore
I nformati on about what we were trying to do for NDOT,
M nnesota Departnent of Transportation, in this
particul ar case.

Q So in these images i s the boundi ng box
different or is the bounding box a function of what's
I n the i mage?

MR. HUGHES: (bjection. Conpound.

A The bounding box is just a graphical -- in
this case, it's a graphical illustration in order to
convi nce our funding agency that basically we can
separate these objects. That's why this is not a
cl assical (sic) bounding box because sone of them --
t hey have the diagonal s inside.

Again, we are tal king about work that was
done | ate '90s, 2000 in order for the paper to be
publ i shed in 2002.

BY MR TURNER

Q Al right. Can you turn back to page 38?

A Yep.
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Q Al right. Can you read Ill on the left
si de of the page under Overview?

A | can read it, but | think I would need to
mention all six stages --

Q Okay. Pl ease.

A -- or at |east nention stage Nunber 1 is
t he segnentati on.

Q Agai n, so these six stages, these are the
si x stages of what that you're describing here?

A These are basically the logic, the
algorithmcal part, | would say, used.

Q kay.

A Second is region tracking. Third is
recovery of vehicle paraneters.

Q Coul d you read point 3, please?

A "To enabl e accurate classification of the
vehicles, the vehicle paranmeters such as | ength,
wi dth, and height need to be recovered fromthe 2-D
projections of the vehicles. This stage uses
i nformati on about the camera's | ocation and nakes use
of the fact that in a traffic scene, all notion is
al ong the ground pl ane. ™

The other steps are step -- states vehicle

I dentification, vehicle tracking, and vehicle
cl assification.
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Q Al right. So if we could go back to

point 3, with your systemyou used the fixed sensor,

correct?
A Yes.
Q Okay. So could this be done using noving

sensors |ike sensors nounted on a vehicle?

A Yes, but it depends on the context. Like,
for exanple, in ny declaration | have this
i nformation of vehicle follow ng paragraph 20.

Now, again, the constraints that we have
from MDOT, the M nnesota Departnent of
Transportation, we want | ess hardware because | ess
har dwar e neans | ess mai nt enance, |ess inpact from
weat her conditions. For exanple, these caneras need
to be heated, the renoval of snow, and so on and so
forth.

And al so the stuff that you see here is

fromthe nost -- there used to be the point where |
believe -- if ny nenory serves ne well because this
Is 20 years plus -- is where 94 and 35 Wnerge

(phonetic), Wiich is one of the deadliest and nost
prone acci dent areas.

So we couldn't fiddle. W were not
allowed to go with the truck with a cherry picker and

install canmeras and stuff like that. So all told,
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this is what we have. Tell us what you can do.

So what you see here is basically -- it's
a paper, but | didn't think nuch at the beginning but
becane very much cited because basically it was not
sonmething out of a lab. It was not a | ab experi nent
where we run a sinulation. It was wth a constraint.

W were trying to give information to NMDOT
basically to do this stuff. |If we had the free
environnent |ike we had in Kansas, for exanple, the
technol ogy we had then, it would have been probably a
di fferent inplenentation.

Q (kay. And the Kansas project, that's
sonething -- what tine frame was that that you were
wor ki ng on that one?

A The Kansas project started -- |let ne nmake
sure. Do you want ne to put a star on this as well?

Q Sur e.

A So Kansas, 2016, and |'m going to have the
first one. But this was the outcone of a federal
hi ghway project. It was based on the outcone of the
federal highway project that started in 2012, |
bel i eve.

Q Okay. Now, your project 2012 to 2016 was
t he Kansas project?

A. No, 2016 until now and we just got renewed
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for another five years. W nmintained as the

Uni versity of M nnesota all the caneras and the
rel ated systens and truck rest areas in Kansas, 22
sites.

Q Okay. And now are those fixed sensors or
t hose are noving sensors?

A. It's a mxture of the things.

Q Al right. So the project you were
descri bing in your paper from 2002, you were using
fi xed sensors?

A Yeah. In this particular -- and, in fact,
It were (sic) not even our sensors. It were (sic)
avail abl e infrastructure fromMDOI. As | nentioned,
we couldn't go. And if ny nenory serves ne well,
these were either imge sensing systens sensors, the
Aut oscope or Axis. But | may be wong because --

Q And can you turn back to page 37 of your
paper, please?

A Yes.

Q On that paragraph you were reading from
before on the bottomright, the |ast sentence you
refer to a correspondence problem

Do you see that?

A Yes.

Q What do you nean by a "correspondence
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probl ent ?

A So correspondence is, | detect a feature.
How do | know that this corresponds? It's not an
artifact. And how do I know that this corresponds
either to an object of interest or an object that I'm
followwing or I"'minterested in?

Q (kay. So how did you address this -- the
correspondence?

A Vell, this structure that | nentioned,
bi partite graph and the algorithm which is -- again

Q These were the steps that -- the stages?

A. Yeah -- | nean, if you ook -- give ne a
m nut e because basically it has been quite sone tine.

Q Okay. Maybe it would help if you read the
whol e sentence when we were tal king about the
correspondence probl em

A "The inherent conplexity of stereo
algorithnms and the need to solve the correspondence
probl em makes them unfeasible for real-tine
applications."

Q So you're referring to a correspondence
problemw th stereo algorithns or stereo sensors?

A Yes. Basically, when you try to find --

If this feature in one canera belongs to the other,
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in this particular scenario that | nentioned here,

hi ghway real -tinme applications, it was -- we didn't

have the conputation or the resources to do it.
That's basically --

Q In real tine?

A In real tinme at the intersection of the
connecti on between 35Wand 94.

Q So that's a | ocation where highways nerge?

A. Yes. Basically, you have two hi ghways.
Soit's not only -- so they ask us -- the project is
about extracting real tine information.

So, for exanple, | cannot have stereo.
Second of all, | cannot have a box of resources to
sol ve this.

Q And you said you can't have stereo.
That's by the constraints or that's just the
technology at the tinme that you couldn't have stereo?

A By the constraints of the site. | nean,
If you see -- it's so tight it has been already
designed. But it's so tight that basically we
woul dn't even be -- they wouldn't even |let us access
this place. You see what | nean?

Q The site of the hi ghway?

A Yes, because basically the caneras were

mounted, first of all, on the side of the highway,
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all on buildings, private buildings, where we didn't
have access. So when we were asking can we go and
install nore sensors -- | don't knowif | answered
your questi on.

Q Ckay. So in this sentence you're saying
that the stereo algorithns, the stereo sensor type
approach nmakes themunfeasible for real-tine
I nplications?

MR. HUGHES: (Objection. M scharacterizes
his testinony.

A VWhat | said is, basically, if you | ook at
this particular paper, it describes classification of
vehicles in freeway traffic in a large netropolitan
area where basically we are given the sensors and we
are asked what we can extract.

So what |I'msaying is that as we design
the logic, our choice for this real tine freeway
application with all these constraints was actually
to work to use the existing caneras and try to see
what we can acconpli sh.

As | mentioned, for exanple, the Kansas
Departnent of Transportation problem the parking
assessnment, there are nultiple -- as | nentioned,
mul ti ple overl apping caneras with stereo or

tri-stereo, or the project |I nentioned to you,
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vehi cl e occupant detection.

W were able to use our own caneras nostly
around pl aces and were able to triangulate; in other
words, to solve this correspondence problem

BY MR TURNER

Q So in this sentence you refer to the
I nherent conplexity of these stereo algorithns that
made t hem unfeasible -- they were unfeasible at that
time. But you're saying they becane feasible when
you were working on the Kansas project?

A No. | said -- | say in this particular
freeway application at that tine -- let ne try to --
so if you look at intelligent vehicles at that tine
there were a ot of efforts on basically using video
streans acquired at sone tine and then | process
t hem

But I have the ability to work this in the
| ab, add additional sensors, and do whatever | want.
Here we try to use an existing set of canmeras at an
actual site and see if we can do for M nnesota
Departnent of Transportation classification.

So in this free-flow ng highway system we
solve -- to have stereo, first of all, it was not --
It was a constraint we were not allowed to overcone.

The second problem actually we coul dn't
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have a box next to it. So -- and the correspondence
problemrequires this box, this logic, to be there
running to solve it. So we said, okay, with this
exi sting can we do classification effectively?

And the classification where it is doing
Is the one that | highlight with this -- with the
rudi mentary graphics, basic graphics in figure 9.

And | believe these were from another site where we
try simlar constraints to do our nethod.

Sonmething that I want to be accurate. |If
you see -- go to page 42. The graph we use is called
t he association graph, so | stand corrected. There
may be a bipartite graph in the background, but
basically this is the neat -- one of the key steps in
this logic we follow

Q So the association graph, is that what's
shown in the mddle of this page with the dots with
arrows extendi ng between thenf?

A. Yeah. So, basically, we tried to
associ ate -- so do you see original tracking?

Q VWhich page is it?

A It's page 40.

Q Ckay.

A So original tracking basically says --

think of it -- think of two headlights, okay, at
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ni ght and maybe it will have partial view

So these are regions which are extract ed.
So how do we make associ ation of these to an entity
that we call a vehicle? This is basically what it
does because you may have -- in a scenario like this
you may have a |l ot of interesting conbinations.

So thisis -- we think -- and as -- this
Is a decent way of solving this association problem
Thi nk of how you nove from basic features such as
light intensities, two objects. Think of a bright
spot here and anot her bright spot.

Q You're referring to, again, the figures on
page 407?

A Yeah. |If you | ook above this is a general
depi ction of how -- when you |l ook at the feature
figure 2b, what are the first things sonmeone may
observe? |In other words, what are the first things
that the canera may observe?

They're going to be the pair of
headl i ght s.

Q Ckay.

A So how mat hematically we can capture this
and we can say that these two headlights based on the
use of sone constraints with respect to the nodel s of

cars exi st and correspond to an object.
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Q So figure B shows these vehicle at night.
So figure A --

A. At dusk. It's not exactly at night in
particul ar because it shows everything in the
caption, just to be accurate, background and
adaptation to changes in light and conditions. The
initial background provided the algorithm This is
A

B, image of the scene at dusk. Car and
background after four seconds. Car and background D,
after six seconds. Car and background after eight
seconds.

So you can see the systemrecogni zes these
features, it extracts them and then it sees ny nodel
-- ny background nodel changes slightly because it's
getting darker.

But I don't -- | don't incorporate these
headl i ght s because they are tenporary in ny viewto
information that | incorporate. What does this nean?
It means if | conpare this map, this inmage, to the
car and the inmage map that is comng in, then
basically I wll get the features | want.

Think of this as ny nodel of the scene in
front of nme, of what | see.

Q So these images at C, D, and E, this is
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the sane. It's just an inmage taken a few seconds
| ater?

A No. This is the nodel as it's updated
every two seconds.

Q So this is the nodel, not the image that's
t aken?

A This is the nodel that is infornmed from
the images and is used in order to conpare the
incomng inmage with the nodel in order to -- you say,
okay, | have a new -- in order to get to this stuff
-- you see there are all these steps that | nentioned
earlier --

Q Ri ght .

A -- in figure 9. Again, | wish | had the
ability to show you this video because we have this
video in front of the Xcel Center (sic). |It's pitch
bl ack and we track pedestrians and vehicl es based on
headl i ghts and taillights.

O course, not -- it's like 60, 70 percent
accurate. But we can get the density of how many
vehicles, if thereis flow, if there is no flow, if
there is divergence of individuals.

Q kay. And this video you're referring to,
this is fromthe project described in the paper or

this is the current project |like the Kansas project?
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A No. No. No. This is at that tinme. As |
menti oned, we had the huge set of projects serving --
t hi nk of $60-, $70,000 project to do certain tasks
for the M nnesota Departnent of Transportation.

| nmean, if we go back M nnesota had one of
the first with California -- Mnnesota had one of the
first intelligent transportation centers in the
country. So we are very likely to have funding to do
all these variations fromhighways to arterials to
work zones to HOV lanes to you nane it.

Q Can you turn to page -- let's go to page
43.

A Yes.

Q Al right. Can you read the paragraph
under the section, Recovery of Vehicle Paraneters?

A Let ne see. Can you point nme, 467

Q Sorry, 43. Page 43 on the right side
there's -- under the headi ng Roman nuneral VI,
Recovery Vehicl e Paraneters?

A "To be able to detect and classify
vehicles, the location, length, width, and velocity
of the regions (which are vehicle fragnents) needs to
be recovered fromthe image. Know edge of canera
calibration paraneters is necessary in estimting

t hese attri butes.
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"Accurate calibration can therefore
significantly inpact the conputation of vehicle
vel ocities and classification.”
You want me to continue?

Q Yes, please.

A “Calibration paraneters are usually
difficult to obtain fromthe scene as they are rarely
measured when the canera is installed. Moreover,
since the caneras are installed approximately 20 to
30 feet above the ground, it is usually difficult to
nmeasure certain quantities such as pan and tilt that
can help in conputing the calibration paraneters.”

You want me to continue?

Q Yes, pl ease.

A "Therefore, it beconmes difficult to
calibrate after the canmera has been installed. One
way to conpute the canera paraneters is to use known
facts about the scene. For exanple, we know that the
road, for the nost part, is restricted to a plane,"
which is indeed the case for this freeway.

“"We al so know that the | ane markings are
paral l el and | engths of markings, as well as
di stances between those markings are precisely
specified. Once the canera paraneters are conputed,
any point on the inmge can be back-projected onto the
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road.

“"Therefore, we have a way of finding the
di stance between any two points on the road by
knowi ng their inage |ocations."

Q kay. So in this paragraph you're
describing a calibration process. And your sentence
here, "one way to conpute the canera paraneters is to
use known facts about the scene.”

So this is in your test you had a fixed
sensor |ocation. So would you be able to use this
process if you had a dynam c scene where you didn't
have known facts about the scene, like if this was
nmounting the canera on a noving vehicle?

A This is -- if you can help ne a little bit
narrow down, because let nme tell you sonething which
Is very inportant fromthis paragraph.

Q Ckay.

A For liability reasons they wouldn't |et us
drive even at night. So what we suggested at that
time, we said we are going to rent a University of
M nnesota vehicle with a pattern and we are going to
drive the highway back and forth because we didn't
want soneone to go on the highway in the m ddl e of
the night with a pattern.

So they told us forget it. So we said,
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okay. Wat can we do? And this is the tool that you
see here. Now, in a vehicle follow ng we can use the
i nformation. For exanple, vehicles have certain

di mensi ons. License plates generally appear to be in
t he center.

So we use the symmetry axis and we use the
voting schene in order to find. So the pixels from
the i mage vote about the symetry axis of the
vehi cl e.

So there are a lot of different ways that
you can do this. This is driven by the fact that we
couldn't go -- so you give ne a scene, let's say
Kansas, where we have had this problem or sonething
-- there is wind that blows and the caneras get
m sal i gned.

W have a way of using, for exanple, any
nmetric like the height of a tree. Soneone neasures
the tree. W can use it and then we can calibrate
the space. But there we didn't have any access to
this space, nor | wanted to risk the graduate
students to be there in front of there.

Q The pattern?

A The pattern.

Q So a pattern is one way to calibrate?
A

It's one of the many ways. But for this
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particul ar application we told them Can we drive at
night? | nmean, | recall because | ended up driving
the truck at one point because | didn't want anyone
to have the liability. But this was not feasible.

Q So this was the truck that was being
detected or you had sensors nounted on the truck
itself?

A No. W had patterns on the truck. Think
of black dots. Sonetines they are used by NASA in
order to basically do the docking. So you have
rhonbuses, so -- or triangles, black, white
triangles. And we're trying to calibrate. But this
I's not feasible. You cannot have ne on the rental
truck.

Q Ckay.

A So some of the statenents -- and | think
this is the interesting thing about this paper. It
was so heavily constrained but still we were able to

do sonething that it was interesting.

MR. TURNER: We've been going for a while.

Do you want to take a break?
THE WTNESS: It's up to you.
MR. TURNER: Five m nutes?
MR. HUGHES: That's fi ne.

(A break was taken.)
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BY MR TURNER
Q | have anot her exhibit for you, Dr.
Papani kol opoul os.
A Can | take this out?
Q You can just set it aside for now. W nmay
conme back to those.
All right. Are you famliar with the
docunent | just gave you?
A Yep.
Q What is this docunent?
A It's a patent application by Al den and the
title is Segnented Distribution Headlight System
Met hod, and Appar at us.
Q And this exhibit is marked Exhibit 1005.
It's already in the record. Are you okay if we refer
to this as the Alden reference or just Al den?
A Yes.
Q So what does Al den descri be?
MR. HUGHES: bjection. Form
A Can you tell me -- it describes many
things. So where do you want ne to focus?
BY MR TURNER:
Q VWhat woul d you say is the purpose of the
Al den reference?
A Let nme try to ook at ny --
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Q Sure.
A. Just let me be sure. It's alittle bit

open-ended. It says nmany things. So |'mgoing to

paragraph 46. And I'mgoing to say that Alden -- |I'm

just reading.

“"Alden is directed to a headlight system
wi th individually-controllable LEDs such that
different areas in the field-of-view of the vehicle
can be illumnated in different ways. For exanple,
hi gh beam and | ow beam areas can be created
concurrently."

And if | can go because I think it's
I nportant. |t says -- give ne one m nute because |
think --

Q And you were just reading there -- you
were readi ng fromyour declaration?

A Yes, fromny decl aration.

Q Par agr aph 467?

A 46.

Q Ckay.

A So let ne -- one mnute. So paragraph 2,
the | ast sentence: "The result" -- on page 1.

"The result is an autonated headli ght
system whi ch enables the driver of a vehicle so

equi pped to see optinmally while concurrently the

scheduling@fortzlegal.com fortzlegal.com Toll Free: 844.730.4066

SPERO EX. 2041



© 00 N O o A W N P

N N N N NN R P P P R R R R R
O A W N P O © 0 N O O A W N B O

MERCEDES-BENZ USA v YECHEZKAL EVAN SPERO Job 28642

PAPANIKOLOPOULOS, DR. NIKOLAOS 02/23/2024

49

driver of an oncomng (or alternately a |eading)
vehicle also can see optimally."

And ny comment here is actually by having
reduced gl are.

Q Okay. Can you read starting at the
begi nni ng of that paragraph, please?

A "The present invention provides a
significant advancenent in variable distribution
headl i ghts by providing a neans to automatically dim
sonme portions of the headlight distribution pattern
whil e concurrently keeping other portions of the
headl i ght distribution pattern illum nated on high
beam "

Q So what does Al den nean by "keepi ng ot her
portions of the headlight distribution pattern
i1l um nated on hi gh beant?

A Vell, we have to |l ook at the particul ar
aspect because this is the background and the field
t hat he nenti oned.

So he nentions different things, including
-- if you go to 61 the |last sentence, it says: "It
wi |l be understood that the present invention can
al so be used to operate a segnmented |ight
di stribution systemto provide illumnation to

I ndependent|y control |l ed segnents each operabl e
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within a range of intensities between the high beam
and the | ow beam state."

Q Al right. So you're just reading from
par agraph 61?

A 61, the |ast sentence.

Q (kay. So back -- if we go back to
paragraph 2 --

A Yes.

Q -- so do you agree that Al den describes a
systemthat keeps the beam pattern at high beam but
then selectively automatically dins sone portions?

A | think it's one of the objectives. But
I f you look at figure 11, for exanple, we have
anot her usage. |It's basically by using -- the
reflector is 157. If you look also at the -- |
believe this is 36 paragraph. |It's using the system
in order to have a ot of light on the curve of the
road and less light in areas of no interest.

So | see nultiple usages of this
technology. So one is the glare and -- mnimze the
glare for the driver of a vehicle who m ght be
oncom ng or a vehicle who is in front of us and
maxi mze the visibility for the driver where the
headl i ghts on the vehicle -- where the headlights are

nmount ed on.
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And also fromfigure 11 it has the dual
probl em where we try to have maxi mum light on the
curve, maxi mumillum nati on.

Q Al right. Can you turn to Figure 1 of
Al den?
Sur e.
|"msorry -- figure 2, please.
Yeah.

o > O >

So what is shown in figure 2 of Al den?

A | think I will go to his description. It
Is paragraph 11. "Figure 2 illustrates the el enents
of a segnented distribution illumnation process."

Q Okay. What is elenment 61 in figure 27?

A It's a segnented beam headl i ght.

Q kay. Now, is figure 2 -- is this a top
view or a side-view of the segnented beam headl i ght?

A | think this is a top view. It can be a
side-view as well, but my first thought it was a top
Vi ew.

Q And what are the lines extending from--
the lines that are marked as 65 and 63 that are
extending fromel enent 617

A Let's go to the -- where that is
described. Gve ne one mnute. 61 produces a high

beamin the first sector, 60. So "Some nethods
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enpl oyed within 61" -- so paragraph 26: Sone

met hods enployed within 61 to segnent light into

I ndependently controlled sectors are discussed |ater.
"61 produces a high beamin a first sector

65 while concurrently producing a | ow beamin a

second respective sector 63 (or dimbeam where the

41 is sensed."

Q Ckay. So now those other |ight beans that
are shown bel ow 41, would those be high beans or | ow
beans?

A | think with the annotation that all these
are high-level schematics and since | don't see any
object, | would say that | would ook at this as high
beans. But, again, this is a high-level schematic.
It goes back to the top view, side-view

Q Right. So because there's no object, your
understanding is those woul d be high beans bel ow?

A Yeah. M understanding is nore -- | | ook
at figure 2 in conjunction with figure 3, figure 4,
and figure 5 because this describes -- | nean, |
think figure 3 is very informative. G ven what we
di scussed earlier, it gives us how the algorithm
detects the vehicle 41.

And figure 4 gives us the logic and the

steps. And figure 5 gives us the LED, the selectable

scheduling@fortzlegal.com fortzlegal.com Toll Free: 844.730.4066
SPERO EX. 2041



© 00 N O o A W N P

N N N N NN R P P P R R R R R
O A W N P O © 0 N O O A W N B O

MERCEDES-BENZ USA v YECHEZKAL EVAN SPERO Job 28642

PAPANIKOLOPOULOS, DR. NIKOLAOS 02/23/2024

53

LED operati on.

Q Ckay. So if we could turn to figure 5.

So on figure 5 is this another -- is this a top view
or is this a side-view of this?

A | think this is a top view but can be
viewed as a side-view. Again, it's a slice of a
vehicle light that consists of several slices.

Q By slice, do you nean a section?

A Yeah. Think of when you have a nedical --
i n nmedical imaging, you use an anal ogy. You have
slices. You put the slices together and you get the
3-D structure.

Q Ckay.

A For exanple, you see the switch array 115.
And then you see the bright |ight control sequence,
which is basically the activation. |It's calling this
array matri x.

Q Now, on figure 5 is this a right headl anp
or is this a left headl anp?

A | think it can be any one of these.

Q So the swwtch array that's shown here is
used to control the light source in this headlanp; is
t hat correct?

A The |ight sources, | would say, plural.

Again, it's a slice because -- | think Al den
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di scl oses basically this array matrix either for the
| eft or the right.

Q Al'l right. And what type of |ight sources
are used in this array matrix shown in figure 5?

A So it has -- inthe figure 5 it has one
el ement 119. It says can be white LED -- this is
par agraph 29,

It says "The 119 can be white LED (or

alternate |ighting nmechanism."

Q Al'l right. And what type of LEDs are
these? Are those described in Al den?

A It says a white LED.

Q Ckay. And what is the shape of these
LEDs?

A You nean of the physical structure or the
shape of the Iight used?

Q The physical structure.

A It's basically a light emtted diode.
They can cone in many types. For exanple, basically,
you have -- | believe, if ny nenory serves ne well,
now nost of themare alum num 60, 63, | believe. But
basically you have a blue emtting dye and then you
have phosphor on top, and basically you have the
white it says here.

Q Now, are these LEDs -- they're nounted on
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a substrate? |Is that what's shown in figure 5?

A They are nmounted on this curve that
enables themto have this directionality that we
mentioned earlier, but each one of these is a
separate unit. You see it just basically is an
I ndi vidual unit fully controllable either by
I ntensity or other nethods, current.

Q So each LED is individually controll ed.
That's how Al den describes it?

- | don't

A Yes. And the way | see this
know i f you are famliar with sonething that's call ed
-- you can find it in a lot of European cars. |It's
called LED matrix. | don't know if you have heard
the term

Q Pl ease expl ain

A So Audi 2005 denonstrated what becane
basically one of the standards. | don't recall
exactly the nanme. So, basically, think of LEDs
mounted on a curvy linear. |In other words, the
surface has a curve.

And | recall they started 42 and now the
I npl ement ati ons by Porsche has thousands of them So
each one of themcan be fired dependi ng on the task
that you want to acconpli sh.

Q kay. |Is that described in Al den?
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A | think this -- this is described in
Al den. A conbination of two, three, four, five is
basically this -- | nean, in totality this is the way
as a PCSITA at that tine they envisioned this. At
that tinme the LED nmarkets were sonething very
I nteresting, but there was a | ot of discussion.
For exanple, sone of the autonotive
engi neering circles thought we keep hi gh beant| ow
beam This had problens. You see glare, so on and
so forth. So there were discussions on basically
having this type of -- that's at least | think --
this is what is disclosed here.
| don't recall the nanme of the standard.
It's on top of ny head.
Q |"msorry. Wat type of shape of LEDs is
di scl osed in Al den?
A By shape, you nmean -- it's just a white
LED. At that tine it was basically a conpound di ode.
The di ode was inplenented wth the conpound and then
you had the dye, either blue or ultraviolet, UV, dye.
And then you had a cover that will produce
the white, which was nmade out, | believe, of
phosphor. And sone of themthey have this plastic
pol ycarbonate cover in order to protect the LED.

Q (kay. How many LEDs are disclosed in the
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headl anp that's shown in figure 5?

A Again, | want to tell you this is a
hi gh-end schematic and we see a slice. So | can
count them but it says the plurality of LEDs that
they need to cover the whole field of view

Did | answer the question?

Q Let's see. So ny question was: How many
LEDs are disclosed in the figure 5 enbodi nent?

A In plurality, because basically we have to
consider that this is a slice and this is a
hi gh-1 evel schemati c.

Q So by that, are you saying there's nore
LEDs di sclosed than what's shown in figure 5?

A What |'msaying is actually this is a
schematic. So it just shows the concept, how this
thing works. | wouldn't count here because things,
for exanple, are out of scale. | nean, |ook at
Figure 1, for exanple. | think the inportant part is
actually you have a plurality of themand the fact
that you can class them based on the | ogic described
earlier in figure 4.

Q So in figure 5 if this is what would be a
top view, are you saying we're | ooking at one row of
multiple rows or there's just a single row of LEDs?

A VWhat |'msaying is -- actually, this is
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one slice. Let's suppose we're |ooking at the top.
So it's going to be a second slice, a third, and one,
two, three, four end fromthe bottom This is
denmonstrated fromfigure 4. |If you look at 77 and 79
-- these are the control sequence --

MR. HUGHES: For the record, | think --
are you referring to figure 3, not figure 4?

THE WTNESS: Sorry -- figure 3 -- sorry.

MR. HUGHES:. Yeah, just to be clear on the
record.

A | stand corrected. Figure 3, 77, and 79.

If we go to the description, in paragraph 27 -- so if
you see 27, it says: "Information fromthe 72 and 71
Is sent to control the power flow froma power source
via a left light control circuit 55a and a right
|l ight control circuit 55b.

"Note that the left shaded circuit area 75
I ndi cates the areas of a segnented headlight contro
switch array switches which will cause portions of
the left headlight to be dimwhile a non-shaded | eft
circuit area 77 represents the portions of the
segnent ed headlight which will be on high beam

"The 75 area is significantly larger than
the headlight dots that were initially received by

51la and 51b because, the CPU has nade assunptions
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about the space that may potentially be occupi ed by
the driver of the sensed vehicle."

And then he says: "Likew se, a right
shaded circuit area 81 indicates the areas of a
segnent ed headlight control switch array sw tches
which wll cause portions of the right headlight to
be dimwhile a non-shaded right circuit area 79
represents the portions of the right segnmented
headl i ght which will be on high beam"”

So, in other words, to ne, it's very clear
we' re tal king about a two-dinmensional structure that
Is map of this set of slices in figure 5.

BY MR TURNER

Q So you're saying based on Alden's
description in figure 27 Alden's description of the
| ight control circuits based on that, that describes
how t hat i nfornms your decision on what the shape of
the LED array is? |s that what you' re saying?

A No. What |I'msaying is actually what --
t he description of figure 3 gives you which el enents
of this LED matrix or array are going to be
activated, which are going to be high beam which are
going to be di mred.

Q Ckay.

A. And, again, this is -- if you go to figure
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4, it shows the logic. This is figure 4. 1f you
| ook at the elenent 89, so it says: "Is threshold
| i ght present at AlL sensor position?' And then it
says: "ls threshold light present at A2L?" So still
at the left sensor, but basically introduces the
coordi nat es XY.
So, in other words, this is a
two-di nensional array inmage and try to find the dot.
And that does the sanme on the right sensor in
elements 93 and 95. And then it says: "I conpile
| eft sensor map and | conpile right sensor nap,"
which are basically imges, and then finally conpare
the left map to the right map based on the nenory.
And | do the tabul ation and the other

steps that basically in the end inforns the el enent
111, the drive -- sorry -- elenent 109 that requisite
headl i ght segnents to dim Swtch other segnents to
hi gh beam

Q So in this section is there any expressed
di scl osure of the shape of the LED array in figure 5
of Al den?

A Let me read it. You nean that the LED
el enents are placed on the curve or --

Q Yes.

A Gve ne a mnute toread it. It says in
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the mddle of 29: "The 119 and other lighting

el enents are on a curve along the focal point of a
headl i ght I ens 121 such that the light from each
lighting el ement goes into a specified portion (or
portions) of the headlight distribution area."

Q (kay. So this curve is along the foca
poi nt of the headlight Iens. So where is this focal
poi nt shown in figure 5?

A. The focal point generally is associated
sonmewhere close to the center. GCkay? Again, we have
to be -- the scale and things may be off, but this is
the optical control elenent that focuses the |ight
basi cal |l y.

Q Ckay. Do you still have your pen?

A Yeah.

Q Do you mnd? Can you identify the -- draw
t he focal point on there?

MR, HUGHES: nbjection. Calls for
specul ati on.

A You see, as | nentioned, it wll be
specul ation because this is not to scale. So | don't
know anyt hi ng about the focal length. | don't know
anyt hing about, so | don't have the information to do
t hi s.

BY MR TURNER
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Q Ckay. Well, based on your understandi ng
of Al den, can you estimate the | ocation of the focal
poi nt ?

A It will be close to the lens. Generally
in this area, in this broader area of the center.

But | don't want to put down because basically these
things, as | nentioned in ny disclosure, are
hi gh-1evel schematics.

Q Ckay.

A They try to articul ate the concept
basically. Like, for exanple, 119 is associated with
this 15-degree segnent and it tries to show what is
on.

Q So the -- so you're saying -- which LED is
associ ated with the 15-degree segnent?

A You see there is a description about 119,
and he uses 119 as a representative of what is
happeni ng -- uses 119 as the representative LED of
this controlled operation of the system by Al den.

It says: "For exanple, the power to 119
Is controlled by the CPU'" -- this is paragraph 29 --
"is controlled by the CPU which dictates its
respective switch characteristics at 115 such that
the power froma power supply 113 is carried via

segnent wire 117 is controlled in response to the
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sensed environnental conditions.

“"All of the other light elenents are
simlarly individually controlled,” which | think is
I nportant. "The 119 and other" -- and then towards
the end of that, it says: "In the illustration, the
125 from 119 falls across the 15-degree section of
t he headl i ght distribution area.

"Each other lighting element simlarly
falls wwthin a defined area of the |ight distribution
area. Thus, the light sent to the area of 41" -- |
believe 41 is referred to in figure 2 -- "is di nmed
using a headlight with segnented Iighting neans."

Q kay. So which LED illustrated in figure
5 generates the beamthat's noted as the 15 degrees?

A Do you see the one that says 1197

Q So the one with the reference nunera
pointing to what would be the | owest --

A The | owest one. And then you can see the
two rays that go through the Iens and they create the
15- degree segnent that you see under 125.

Q Can you trace the rays that extend from
this [ight elenent to the 15-degree segnent?

A You can connect the center. Again, this
I's high-level schematic. You can connect the two

centers that we see here or the two points that we
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see here, and basically this is creating -- so we
connect the 119 with a point where we have all these
lines intersecting at the bottom

And then we have the |line that goes from
119 to the other upper intersection point. And this
creates this 15-degree segnent.

Q Ckay. Can you mark it on the exhibit?
Can you trace these beam patterns extending from 119
to the --

A | prefer to describe it because, again,
it'"s not -- it's not really inny -- | think I trace
themin ny declaration with this preface. These are
pretty generic and high |evel.

Q Ckay.

A So | think, for exanple -- let ne find --
| think | have traced themin ny -- so, for exanple,
this is the -- ny declaration for the 2023-01039.

If you go to paragraph 69 at the end |
have these clusters. And you can see the 119 and
three LED. This creates one cluster.

So 119 and the two nei ghbors (phonetic)
create a noncontiguous cluster with the other three
LEDs on top of the curve that they're creating these
traces in order to illustrate, again, what is | ow
beam hi gh beam
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Q Al right. So you just described these as
bei ng nonconti guous clusters. Which clusters are
t hese that are not conti guous?
A |f you go with ne in --
Q Par agraph 69?
A -- 69 at the end, at the top of the page
47.
MR. HUGHES: Counsel, | think we may
actually be in the declaration for 01040.
MR TURNER: | think | only gave himone
decl aration so far.
THE WTNESS: | have | PR 2023-01039.
MR, HUGHES: kay. Apol ogies, Counsel.
MR. TURNER: No probl em
BY MR TURNER
Q Al right. So you're referencing, was it
par agr aph 69?
A 69 at the end.
Q So you were describing these as being
nonconti guous; is that correct?
A Yes.
Q And by noncontiguous -- which ones are
noncont i guous?
A So do you see the three red at the bottonf
Q Yes.
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A And | ook at the three pink ones at the --
so three pink at the bottom three pink at the top of
the curve. Am| right?

Q Ckay.

A So since there's a vehicle that it has
been sensed in the mddle of the field of view as we
examne this slice, basically the first cluster of
LEDs which are the three, again, for graphical
presentation are green, because basically these are
di med by the control switch that | nentioned
earlier, 79 or 77, depending if it's left or right in
order to be di nmed.

Q Al right. And you're describing this
group of LEDs in the center that you've annotated in
green as they would be the ones that are generating
this portion of the beampattern that you have
hi ghlighted in green?

A Yes.

Q And now t he upper grouping of LEDs that
you have as red or pink, do they generate the pink
portion of the |ight being on the bottomor the top
of this inmage?

A So if you look at what | say -- so if you
| ook at -- the group on the top is representative for

the pink stuff on the bottom the second -- the --

scheduling@fortzlegal.com fortzlegal.com Toll Free: 844.730.4066
SPERO EX. 2041



© 00 N O o A W N P

N N N N NN R P P P R R R R R
O A W N P O © 0 N O O A W N B O

MERCEDES-BENZ USA v YECHEZKAL EVAN SPERO Job 28642

PAPANIKOLOPOULOS, DR. NIKOLAOS 02/23/2024

67

this part of the second (inaudible) there's no
object. There is no object present in this area, in
this area at the bottom

And the ones on the top -- so, again,
think -- you see where 119 is and where are the 15
degrees per segnent synbol is? These are produced --
the pink in this sector is produced by these LEDs
where 119 is a nenber of. And the other group of
LEDs is basically presenting the bottom part, the
ot her pi nk.

Q kay. So just to clarify, you' re saying
the | ower grouping of red LEDs which have reference
nunmeral 119 next to them they're generating the
portion of the beamthat you have highlighted in red
that you have marked as high beamat the top that
al so has the 15 degrees per segnent notation in the
figure; is that correct?

A Yes. Yes.

Q Ckay. So then also -- so then the top
LEDs woul d be generating the pink beamon the | ower
portion of the inmage?

A Yes.

Q Okay. And what type of optic is shown in

this figure -- is disclosed in figure 5?

A. Can you el aborate? Because optics is many
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t hi ngs.
Q Ckay. How woul d you describe the optic
illustrated in figure 5 of --

MR. HUGHES: bjection. Form

A The optics -- so the optical elenent 121
Is optics. The LEDs are optics. The interaction of
the light with the 121 is optics. So which part do
you want nme to do?

BY MR TURNER

Q El emrent 121. How woul d you descri be the
optic that's identified as reference Nunber 1217

A It's -- according to Alden -- just to
follow his disclosure, he discloses -- let ne read
this. The 119 -- this is paragraph 29.

"The 119 and other lighting elenents are
on a curve along the focal point of a headlight |ens
121 such that the light fromeach |ighting el ement
goes into a specified portion (or portions) of the
headl i ght distribution center."

So he calls this a lens, discloses a |ens,
and then tal ks about "Elenent emtted |ight 125 being
an exanple of an elenent's light being directed into
one sector of the light distribution area.

“"In the illustration, the 125 from 119

falls across a 15-degree section of the headlight
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distribution area. Each other |ighting el enent
simlarly falls within a defined area of the |ight
di stribution area.

And then goes and says: "Thus, the |ight
sent to the area of 41 is dimed using a headlight
wth segnented |ighting neans."

Q Al right. So wth reference to figure 5
Al den refers to elenment 121 as a headlight |ens,
whi ch you descri bed as an optic.

What type of optic --

MR. HUGHES: (bjection to the extent it
m scharacterizes testinony.

A Can you repeat ?
BY MR TURNER
Q VWhat type of optic is illustrated in
figure 5 of Al den?

MR. HUGHES: (bjection. Form

A | mean, tied in what sense? | nean, in
the sense of Alden? In the sense of general optics?

BY MR TURNER

Q | mean, based on your experience. For
exanpl e, woul d you descri be elenent 121 as a concave
optic or a convex optic or another type of optic?

A ' m describing this as sonething that

directs the light in a certain direction as a
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functi on.

Q Are there technical descriptions or terns
for this type of optic?

A Lenses operate on a refraction. So here
you have no change wavel ength when you go through
this optical nedium and you either focus or divert
dependi ng on the type of optical elenent you have.

The other type of refraction is when you
go through a material and you change things. Like
you apply current and you change the properties of
the light. So if | can describe in great enough
ternms, this is a lens which is based on pretty sinple
refraction.

Q Ckay.

A Which it focuses and directs in a certain
area. W shouldn't forget that the objective is a
control -- is a set of control abilities that tie to
maxi m ze the visibility for the driver and reduce the
glare for drivers' vehicles which are com ng towards
the vehicle where the headlight is nounted or
vehi cl es ahead of us.

Q Al right. Can you turn to figures 8 and
9 of Al den?

A Yes.

Q What is shown in figures 8 and 9?
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A Let's go to the docunent. So 17 it says:
"Figure 8, the elenent of an individual electro-optic
cell in afirst state. Figure 9 is an electro-optic
material in a second state of alignnent.”
And figure -- paragraph 32 and paragraph
33 -- 33 gives nore information about figure 8 and 34
gives nore information about figure 9.
Q Al right. So these are described as two
different states. So on figure 8 what is this state?
A Gve nme one mnute. So it describes --
basically, the states are associated with a liquid
crystal. The first state is actually when there is
not hi ng applied, no current applied to the liquid
crystal. The second state is when sonething is
applied to the liquid crystal, if | read correctly.
Q So figure 8 is like a default state where
no current is applied?
A Yes.
Q So what happens to the light that's
transmtted through that?
A. It just goes through.
Q It just passes through?
A Yes.
Q And t hen what happens in the figure 9
state?
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A. In the figure 9 state basically you have
sone bendi ng dependi ng on the ani sotropi c properties
of the material and the current you apply, the
tenperature and so on, and so forth.

Q kay. So by bending of the Iight that's
transmtted through the optic?

A. Yeah. Basically you have -- so liquid
crystal is quartz. |It's a material -- it's an
el enent, an optical elenent, that is nade out of
material that is anisotropic.

So by applying current and with respect to
the external pressure, property of materials,
hum dity, so on and so forth, then instead of going
t hrough you start getting this divergence basically,
t hi s bendi ng.
| don't know if | answered your question.

Q Al right. So now can you turn to figure
10? So what is shown in figure 10 of Al den?

A Just give ne one mnute. So according to
paragraph 19: "Figure 10 depicts a segnented
headlight with individually controlled sectors of
di stribution of the third enbodi nent."

So if we go to paragraph 35, it says:
"Figure 10 depicts a segnented headlight wth

i ndividually controlled sectors of distribution of
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the third enbodinment. A single light elenent 129a
produces collimated light due to collimating surface
131a.
"The |ight then passes through an array of
variable refraction el enents (described in figure 9.)
This headlight architecture enables light from an
I ndi vi dual headlight distribution sector to be
redirected in response to sense environnent al
conditions when used in conjunction with the el enents
and processes previously discussed herein.
"Thus, |light from one section has been
di verted to becone diverted [ight 151 (in | ow beam
where a vehicle (not shown) has been sensed) while
the light fromother segnents are not diverted (are
i n high beanm) where no vehicle is sensed.”
Q kay. So you were just reading. That was
par agraph 35 of Al den?
A Yes.
Q And this -- so figure 10, that's using the

A The princi pl e.

Q -- the principle fromfigures 8 and 9,
t hose el ements?

A Yes.

Q Al right. Can you turn to figure 11
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pl ease, of Al den?

A Yes.

Q So what is shown in figure 117

A That's where the records today | read to
you. Do you want ne to --

Q To descri be what's shown, yes.

A. So we see a vehicle C approaching a curve.
The vehicle has two headlights. The vehicle is
denoted by the Nunmber 153. The headlight is denoted
-- the right headlight is denoted by 155. There is a
refl ector associated with the fact that we have a
curve on the road 157.

And then we have one of the sectors 159,
| ight sectors. | can go to nore detailed
description. So it says: "An equipped vehicle 153
senses that the road turns by receiving light from
reflectors” -- this is paragraph 36 -- "such as the
reflector 157.

"The respondi ng headl i ghts 155 direct
light into the corner to maximze the driver's
ability to see there. The directing of the light can
be achieved with the segnented sensing el ements and
segnented light distribution elenments described
herein."

Q Ckay. So which of the |ight sources
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described in Alden are used to generate this beam
pattern that's illustrated in figure 117

A Can you repeat the question just to nmake
sure?

Q So we just discussed a couple different
headl anp enbodi nents, right? There's the figure 5
enbodi nent and then we just discussed one with
reference to figure 10 as a different type of
enbodi nent .

MR. HUGHES: bjection. Form

BY MR TURNER

Q So which of these enbodi nents or anot her
enbodi nent, the headl anp, is used to generate the
beam pattern illustrated in figure 117

A | need to go because | think I have an
expl anati on of what is used -- do you have a copy of
ny -- of the other part of the declaration, the '551?

Q | do.

A | f you can share with ne, it would be
great .

MR TURNER: So this is the other
declaration. [It's the same exhibit nunber, but it's
fromthe other IPR It's Exhibit 1003, and then |
think the IPRis listed on the little Post-it. So
t hat should be I PR 2023 and it's 01040.
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A. Bear with me. | have a detail ed

description. So in the IPR 2023-01039, if you go --

BY MR TURNER
Q So that was the first declaration we're
tal ki ng about ?
A The first exhibit you gave ne.
Q Ckay.
A. Go to paragraph 111, page 79. \Wat |

descri bed, basically the second usage of basically

the figure -- the figures 2, 3, 4, and 5, in order to

maximze to direct the Iight where there is a curve
and how can this be done with figure 5.

So do you see where in the center of the
page 79 it says claim24g?

Q Yes.

A "By directing light into the corner, or
curve of the road, to maxim ze the driver's ability
to see there, the systemis increasing illum nation
in the direction of the curve.

“For exanple, Al den can recognize the
curve, determ ne which segnents of the |ight
di stribution area of the headlight lie along the
curve, and then switch the lighting segnents that
direct light to those segnents to be on high beam

"This can be considered in reference to
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figures 3 and 5 of Alden. The system of Al den would
detect the light fromreflectors based on |eft and
ri ght sensors.

"The logic CPU woul d then determ ne that
this Iight indicates the curve of a road, nuch in the
same way that it can detect an oncom ng vehicle based
on its headlights, and the |ocation and distance of
t he headlights fromthe equi pped vehicle."

This is figure 4, the controlling | ogic.
"Once this determ nation is made, the CPU woul d
i nstruct the control circuitry to adjust illum nation
of the LEDs accordingly. |In particular, LEDs pointed
in the direction of those reflectors can be sw tched
to high beam while other LEDs directed towards other
areas can be switched to | ow beam

"Further, a POSI TA woul d have under st ood
from Al den that when positioning LEDs al ong the
curved structure in the headl anp (such as shown in
figure 5), LEDs could be positioned to ensure that
the beam created by the headlanp is sufficiently w de
to illumnate turns.

"That is, a POSI TA woul d understand to
position the LEDs on each end of the array; for
exanpl e, far enough along the curve and at such an

angle that their emtted |light would be directed
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sufficiently to the sides of the vehicle.

"This directing of light into the corner,
as shown on figure 11 above, is an adaptation of the
| ight pattern of the headl anps.”

So if we goto figure 4 of -- let ne try
to add a -- so, again, we are in the first part of
t he decl aration, the sane docunent | just read.

Q Ckay.

A Go to paragraph 85. Do you see figure 3?

Q Yes.

A. So here what does Al den disclose, that
when sonething -- if you ook at 70 elenents in
figure 3, 77 and 79, do you see the black boxes
I nsi de?

Q Yes.

A So basically here what is happeni ng, when
there is a detection like this, Alden, by using the
LEDs described in figure 5 and the correspondi ng
paragraph, makes this dimwhile the other has full
light in order to increase the visibility for the
driver.

In figure 11, | believe, the sane
structural figure 5 can do the dual (phonetic). In
ot her words, | can have dots of the reflectors --

I nstead of having the dots that correspond to the
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headl i ghts, | have dots that correspond to the
reflectors on the side of the road.

So | want to -- as we drive, we want to be
able to see this better. So it's going to send as
much light as possible to this one by using the sane
structure.

Q Ckay.

A So it's the dual problem Again, one is
actually high beamso | don't create glare for the
oncomng driver, or if I'mon a turn the system can
use these refractors (sic) by using the sanme | ogic of
detecting lights -- using the sane reflectors in
order basically to just have direct LED light in
order for the driver to nmake inferences about the
curvat ure.

| don't know if this answers your
questi on.

Q So using the figure 5 enbodi nent you're
saying that light reflects off these reflectors on
the side of the road and the headl anp detects these
and then dins those corresponding Iights?

MR. HUGHES: (bjection. M scharacterizes
his testinony.

A No. Wat |I'msaying is the foll ow ng:

There are two main use cases in Alden. One is
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basi cally headlights maxim zing visibility for the
driver and mnimzing -- we discussed this.

The second one is actually using the sane
| ogic, which is described in figures 3, 4, and 5. |
detect that, so ny dots here in the figure 3 are
going to be the reflectors. The reflectors are going
to be sonething that corresponds -- it wll have the
sanme appearance on the inmage |ike the headlights.

So |l wll have a rectangle like -- but
I nstead of having dimlight I'mgoing to have high
beam and the rest is of no interest because
basically I"'mtrying to conpensate -- of course, |
have Al den discloses that he has information from
ot her sources such as the steering wheel sensor.

So | can have nore information, the
driver, by having the light. So that's -- that's the
way -- to the best ny understanding, this is what |
believe is disclosed here. And it's inportant to say
-- let nme read just one m nute.

The directing of lights -- |'mreading
from36 at the end. "The directing of" the light --
"of light can be achieved with the segnented sensing
el ements and segnmented |ight distribution el enents
descri bed herein.”

MR. TURNER: Al right. 1It's 1:00. Do
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you guys want to break for |unch?
MR. HUGHES: That's fine.
(Whereupon, at 1:01 p.m, a
| uncheon recess was taken.)
AFTERNOON SESSI ON
(1:43 p.m)
Wher eupon,
DR. NI KOLACS PAPANI KOLOPOULOS
was called for continued exam nation, and havi ng been
previously duly sworn was exam ned and testified
further as foll ows:
EXAM NATI ON ( CONTI NUED)
BY MR TURNER:

Q All right. Wl cone back.

A Thank you.

Q All right. If you could turn to your
declaration. This is your first declaration, which
is for the 039 | PR?

A Yes.

Q Ckay. Can you turn to paragraph 33?

A Yes.

Q Ckay. We discussed this a little bit
before. This was your definition of person of
ordinary skill in the art. Can you read the | ast
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sentence of your -- or the last two sentences?

A "The nore education one has, the |ess
experience needed to attain an ordinary |evel of
skill. Simlarly, nore experience in the field may
serve as a substitute for formal education.”

Q What s your understandi ng of these
sent ences?

A So the layman -- I'mnot a | awer -- so
| et' s suppose that you have a nmaster's. Sone of
these two years which | nention here nmay becone one
year or zero. So if you have, let's say, four years
of experience, you nay have a degree froma two-year
college like a comunity college. So basically
that's --

Q That's the scal e?

A The scal e, yes.

Q Okay. Al right.

A For exanple, Dunwoody. It's a small
technical college in the Twin Gties. It has
autonotive engineering. That's nmy point --
DDUNWOODY.

Q Al right. Can you turn to paragraph 50
of the sanme decl aration?

A Yes.

Q Al right. So this you're describing
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ground 17

A Yep.

Q kay. Can you read paragraph 50 for us,
pl ease?

A "As viewed by a POSITA, Alden anticipates

Q

A
anticipate
ever yt hi ng.

Q

A

Q

A
Q

A
Q
A
Q

and renders obvious C aim48."

bet ween "antici pates" and "renders obvi ous"?

it al so renders obvi ous?

does it also anticipate?

antici pates and an obvious analysis. So in your view

what is not expressly disclosed that woul d require

obvi ousness anal ysi s?

So in your view what's the difference

To ne, anticipate -- what is happening
al so renders obvious. |It's above
Soit's --

Again, |I'mnot a |lawer, but --

So in your view if sonething anticipates,

Yes.

| f somet hing renders sonet hi ng obvi ous,

No.
So anticipates --
Not necessarily.

So for this ground 1 you have an
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A. In ny view as we discussed this now, |
believe Alden anticipates. | nean, it has either
expressly or basically -- all the terns of the clains
are di scl osed, taught by -- and we can go cl ai m by
cl ai m basi cal | y.

Q So do you know which limtation you
provi de your obvi ousness anal ysis for?

A Let nme -- in both declarations or --

Q Just one at a tine.

A So we can tal k about ground 2.

Q Vell, first wwth ground 1. Can we j ust
focus on ground 1 for now that you proposed

anticipatory reference and obvi ousness?

A It's "or" render obvious. It's not "and.
Q Al right. So on this ground you're
anal yzing claim48; is that correct?
A | don't think -- let nme see.
MR. HUGHES: Counsel, which I PR petition
shoul d we be | ooking at?
A | don't see 48 on this one.
BY MR TURNER
Q kay. Al right. Well, in paragraph 50
whi ch i ndependent claimare you analyzing in this
section?

A. You nean paragraph 507?
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Q How about at --

A Let nme understand. You want nme to see --
because |I'm at the Table of Contents.

Q Vell, if you can | ook at paragraph 50,
whi ch i s page 23.

A Should | start with independent claim 24?

Q kay. So for -- I'msorry. D d you say
dependent cl ai mor independent clain®

A | ndependent cl aim

Q So for independent claim24 what are you
relying on for satisfying the |ight source
limtations of this clainf

MR. HUGHES: (bjection. Vague.

A So the way | analyzed this is actually |
started with the preanble and | say basical ly what
are the elenents of the claim So are you referring
to the preanble where it says an illum nating device
havi ng automatic control? Because | go termby term

BY MR TURNER:

Q Wiy don't we scroll down to limtation 24
B, which is at the bottom of page 267

A Yep.

Q So what are you relying on for satisfying
the LED limtations of this clainf

A It's a plurality of the individual control
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abilities.

Q Ckay. \What are you relying on for

satisfying the plurality of individually controllable

LED imtation?

A So if you go to 54, | say: "As discussed,
Al den di scloses that its 'segnented beami headlights
61 are incorporated in 47. See supra paragraphs
52-53, claim?24a Also Alden figures 1 and 2.

“Each headlight can include an '"array of
i ndi vidual lighting elenents,’ wth each |ighting
el enent being a "white LED (or alternate |ighting
mechani sm),' which is from 29 paragraph in Al den.

"That is, the plurality of LEDs are
I ncorporated in the notor vehicle structure by being
I ncluded in headlights 61, which are nounted to the
vehicle."

And, in fact, dependent on 26 and 29 in
figure 2, if we go to figure 2, there is the el enent
47 which is the vehicle itself which shows that this
whol e thing is nounted on the vehicle.

So "further, this LED array ('lighting
elenments 119') is in comunication with a power
source (' power supply 113') via a 'swtch array 115
and 'segnent wire 117,'" which is basically figure 5.

You want ne to conti nue?
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Q No. That's fine. Can you turn to
paragraph 120 of your decl aration, page 877

A Yes.

Q So for ground 2, are you conbi ning Al den
wi t h Kobayashi for clains 28, 36, and 44; is that
correct?

A That's right.

Q What are you relying on the Kobayash
reference for teaching?

A Do you have a copy of Kobayashi with you?

Q | don't think | have Kobayashi. But did
you describe it in your declaration?

A | describe it, but --

Q Do you renmenber what you're relying on
Kobayashi for teaching?

A Gve ne one mnute to nmake sure that the
record is accurate. It's the G°PS map. But let ne --
so if you go to 121, page 89, specifically Kobayash
di scl oses everything -- so it's under the figure on
page 89.

"Speci fically, Kobayashi discloses that
its controller ('"irradiation control neans 4')
receives 'roadmap information' from'road profile
cal cul ated neans 2,' along wth other sensor data,

and use these inputs to automatically adjust the
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i1 lum nation of headl anp 5.

"(l1d.; see also 2:4-39.) The 'road
profile cal cul ated neans' can al so be included as
part of a GPS sensor that outputs 'map information."'"

And | believe -- | don't have it in front
of me -- thereis afigure 12 in 17, 3 to 47 where
basically the G°PS -- so, in other words, think of the
followi ng: Both Kobayashi and Al den are basically
trying to make the driving through the use of
headl i ghts safer.

In addition to the information processed
by Al den, Kobayashi discloses the use of GPS in order
to have maps that are going to informthe driver
there is a curve.

So, for exanple, sonmething like this may
be useful. Let's suppose we are in an environnent
| i ke New York where there's a curve, but this is what
we call a GPS denied environnment. Then you relied on
t hese refl ectors.

Now, you are in a rural environnment where
you have a GPS but you don't have the reflectors. So
this map information along with the steering wheel
i nformati on can i nform how these LEDs or the
conmbi nation wll be turned on in order to focus the

light on the curve.
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Q And al so another thing that -- | really
like this figure 10 from Kobayashi, which is on page
90 because it shows, "Kobayashi further discloses
that as a vehicle noves along roads in a travel
route, including, for exanple, traveling al ong
strai ght roads or bending roads, the '"irradi ation
control means 4' can 'conduct irradiation control of
the lighting device in accordance with the road
profile.

"As a result, 'when the vehicle turns to
left, the left shoulder is irradiated,' and 'when the
vehicle turns to right, the right shoulder is
irradiated.'" And this is figure 2 (sic), 15:6-28,
17:41-67 and also figure 9."

Q Ckay.

A | hope | answered your question.

Q Yeah. That's fine. Al right. Can you
turn to paragraph 124 of your declaration?

A Yes.

Q Al right. So for ground 3 you're
conmbi ning Al den with Kondo for claim8, 10 through
147?

A Um hum

Q What are you relying on the Kondo

reference for teaching?
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A. If | may ask, do you have a copy or --
Q | don't know if | have Kondo -- | do have
a copy of Kondo.
A Thank you.
MR. TURNER: You guys want this?
MR. HUGHES: Thank you.
A. So you see paragraph 127 on page 967
BY MR TURNER
Q Yes.
A So I"'mreading the claimelenment: "The
| i ght fixer having novable structure for aimng the
directional |ight sources nounted thereon in a
defined direction.”

So if you look at Kondo, which is titled,
Automatic Optical -Axis Adjusting Device for
Automatically Adjusting the Directions of Optical
Axes of from Lights.

So it has -- "Kondo discloses vehicle
front lights conprised of swivel l[ights 11L-11R and
|l eft and right headlights 10L-10R " This is
described on 16, | believe. Yeah. |It's paragraph
16. It has the whol e description.

And | use it also -- let me see -- for 8d.
| think that's -- yeah, these are there.

Q Ckay.
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A Basically, the swivel structure which
corresponds to their noving.

Q Al right. So you're relying on Kondo
swi vel structure for satisfying the noving structural
limtations?

A Yes.

Q So how do you conbi ne Al den and Kondo?
How woul d a person of ordinary skill in the art
conbi ne these references?

A | have a pretty good description. So go
to paragraph 131, page 99.

Q kay.

A It says: "Further, a POSITA would have
had a reasonabl e expectation of success in using the
swi vel structure (and associ ated actuator) taught by
Kondo to nmount certain LEDs to in the system of
Al den.

"For exanple, LEDs in Al den (such as those
in figure 5) could be nounted to the novable
structure and controlled using the sane controller
(Alden's CPU 71) that is already assessing how and in
what directions Iight should be projected - sonething
that Kondo simlarly uses a CPU to assess."

Q So are you saying that a person of

ordinary skill in the art would nmount a -- use
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Kondo's swivel structure to adjust the entire

headl anp assenbly that's shown in figure 5 of Al den?
A. Unhum And | have actually -- so Lexus

has a swivel systemalong with LEDs introduced around

the tinme -- maybe one year later. So | think it

woul d have been sonethi ng, because for soneone to

I ntroduce it neans they were working on this for

several years at that tine.

So also Audi -- | believe it had a sw vel
systemwith LEDs at the sanme tine. So | think the
POSI TA woul d have been notivated because it increases
-- don't forget, we tried to increase the visibility
for the driver and decrease the glare.

Q Ckay. But your conbination, you're
tal ki ng about noving the entire LED array of Al den,
not sone subset of the LED array?

A This is what I'mtal king here as one
possibility.

Q Ckay.

A But | know, for exanple, the Audi system
noves only certain LEDs in this matrix LED system
t hat we di scussed.

Q Okay. But that's Audi. But we're -- in
your conbination are you noving the entire LED array

or a portion of the LED array?
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A VWhat | nention is the whole, basically.

Q Okay. Al right. Can you turn to
paragraph 154 of the sanme declaration? It actually
starts at 153.

A Yeah.

Q (kay. So this ground 4 |ooks like you're
conmbi ning Alden with Kondo and Stam is that correct?

A Yes.

Q VWhat are you relying on the Stamreference
for teachi ng?

A Again -- sorry to ask it -- do you have a
copy of Stanf

Q | think I have Stam

MR. TURNER: Again, so this would be
Mer cedes Exhi bit 1008.

A Gve ne a mnute. Yeah. So, basically,

I f you go to paragraph 154 -- this is the one you
told me -- or 1537
BY MR TURNER:

Q | think the ground starts at 153, but it's

A Yeah. | think for this particular, the
dependent claim if you | ook at the figure on the
first page, which is Systemfor Controlling Exterior
Vehicle Lights and we go to paragraph 154: "A POSITA
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woul d have been notivated to inplenent the teachings
Iin Stamto the Al den-Kondo system

"Stamis in the sane field as Al den,
simlarly discloses vehicles with headl anps that can
be controlled to change brightness and beam pattern
So as to '"maximze the illumnated area in front of
the vehicle w thout causing excess glare in the eyes
of other drivers.'

"Li ke Al den, Stam al so receives data from
sensors, and controls the headlights to 'control
their beam patterns in response to objects detected
in the vicinity of the vehicle."

Stamin here is -- so Stam di scusses sone
numeri cal val ues about glare. But here in this
particul ar case: "Stamnerely adds that the sane
| mge sensor and optical system'for the headl anp
on/ of f and headl anp di nmer control' could al so be
used to detect other conditions such as fog, and
ot her exterior lights on the vehicle like fog |ights
could be controlled based on the sense information."

So, in other words, if we look at this
figure which is actually on page 117, there is the
el ement -- there are several sensors along with an
| mge sensor, which is elenment 201, is the inmage

sensor.
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W have el enent 1107 of the light sensor,
we have glare lights sensor 1109, and EC mirror drive
1111, along with a mcrocontroller that through neans
(phonetic) 1142 affects and instructs the fog | anp
control 1141 in order to change the fog lights 1147,
1145, and 1143.

So, again, since several vehicles have fog
|l ights which are used for additional visibility
around curves -- for exanple, BMVhas this as a
standard feature. This, again, inproves the
visibility around corners. Again, for a POSITA it
woul d have been reasonable to conbine these two, to
conbi ne Alden with Kondo with Stam

Q So, again, what limtation are you relying
on Stam for teaching?

A Basically this closure about the fog --
the fog lanp controller. So, basically -- so Stam
merely adds -- this is paragraph 154.

So "Stam nerely adds" -- this is paragraph
154. Stamnerely adds that the sane i nage sensor and
optical system'for the headl anp on/off and headl anp
di mmer control' could al so be used to detect other
condi tions such as fog, and other exterior lights on
the vehicle like fog |lights could be controll ed based

on the sensed i nformation."
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So, in other words, he adds to the mx the
fog lights, which unfortunately in the U S. are not
regul at ed.

Q Al right. So you're relying on his
di scl osure of fog lights for teaching which claim
limtations?

A. So you see it says: "The illum nation
device of claim8, further conprising a controller
wi th communi cation capability to other devices, where
the canera in one | ocation obtains informtion and
the controller processes the information and
communi cates the canmera obtained information to a
second device." The second device.

Q So you're relying on Stam for satisfying
t he second device or is it the structures of the
canmera? Are you relying on Stamfor satisfying the
canera limtation?

A No. Wiat |I'msaying is actually both of
them-- the three of them Al den conbined with Kondo
and Stam nmake the whol e thing obvious.

So we have illum nation device of claim8.
W have a controller. So both Al den and Kondo, they
have a controller. They communicate to ot her devices
where the canera angle allocation obtains

information. So | have an image sensor in Kondo. |
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have an i mage sensor in Al den.

Where the canera in one | ocation obtains
i nformation and the controller processes the
i nformation, mcrocontroller in Kondo, CPU logic in
figure 4 of Alden then conmuni cates the canera update
information to a second devi ce.

So in the case of fog, what does the
camera conmmuni cate? |f we have basically no
visibility, the canera can capture and the processor
can make inferences regarding this and it can send
the obtained information to a second device.

In this case, this is the fog | anp control
who -- that inpacts 1143, 1145, and 1147, which are
the fog |ights.

Q Ckay.

A And if you go to the patent claim16
par agraph 165, basically -- and 155 says: "As
di scussed, Stam discloses the mcrocontroller 1105
communi cates the canera-obtained information to the
fog lights on the vehicle, and the illum nated area
of the fog lights is a road, and it woul d have been
obvious to apply these teachings to the Al den system
for the reasons expl ai ned above."

Q So are you proposing adding fog lights to
Al den or you're using Al den's headl anp for fog |ight
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functionality?

A No. | don't do either of these. [|I'm
saying what is being -- what this reference teaches
Is that basically we can take Alden with Kondo and we
can basically use Stamteachings, especially with the
operation of fog |ights, and a POSI TA woul d have
found these as applying known nethods -- applying
basically these techniques in order to get
predictable results.

Because all of themdealing with |ights,
autonotive lights, and a fog light is just another
device that can be utilized and be infornmed to the
communi cation. So |I'mnot suggesting that this is
preferable. [|'mjust saying how a POSI TA woul d have
| ooked at this prior art.

Q So are you proposing addi ng additi onal
structure with this conbination?

A No. |'mjust saying how these three
references -- you see, as | nentioned earlier, BMVI
think is one of the few manufacturers that have fog
lights that are activated on a curve on the road. It
doesn't nean that everyone adopts this.

And, in fact, as | nentioned earlier, the
U.S. has no directions, has no standards for fog

lights. In fact, the fog lights for a big
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manuf acturer, as far as | know, are the rear lights
on the back.

Q Al right. Wy don't we turn to your
ot her declaration. Do you have your other
declaration from-- excuse ne -- |IPR 2023-01040? D d
| give you a copy of the other declaration?

A Yes, yeah. This one. So this is --

Q It's also marked Exhibit 1003, but this is
for the I PR 2023-01040. Al right. Can you turn to
page 101, paragraph 143, pl ease?

A Par agraph 143, sure.

Q Al right. So for this ground you have
Al den alone or in conbination with Stamin view of
Beam for claim49; is that correct?

A Yes.

Q Al right. So what do you nean by Al den
alone or in conbination with Stanf

A So let ne read this. So let ne explain to
you. Let's go to paragraph 146. This is 49b claim
element. So | say: "Wth respect to illum nance
bei ng below a 'predefined glare |evel,' a POSITA
woul d have understood that for | ow beamto have
‘mninmumglare' as disclosed in Alden, the | ow beam s
Intensity would need to be below a particul ar
t hreshol d.
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“"Bel ow' -- for exanple, "Below a |evel
such that the '"driver of 41 sees only a dimor |ow
beam light from47.'" This is Alden 26 -- paragraph
26 to 27, figures 1 and 2.

"Hi gh beam | ight woul d be above this
threshold, so that, as Al den teaches, visibility in
hi gh beam areas is maximzed. (Al den 26 to 27.)
Further, Alden's systemcan 'provide illumnation to
| ndependent|ly controll ed segnents each operabl e
within a range of intensities between the high and
the | ow beam state.’

"That is, Alden's system can operate not
only at high beam and | ow beam but al so at
intensities in between medium | ow, nedium nmedi um
hi gh. The 'di med, |ow beam state' is a selected
intensity at the low end of this range and thus bel ow
a predefined glare | evel that Al den characterizes as
‘mnimzing glare' to other drivers."

Again, Al den wants -- now, if we want to
see an exanple or a PCSI TA woul d have been interested
to see an exanple of predefined glare, nunerically
meaning in units.

"Stamsimlarly" -- I'mgoing to paragraph
147. "Stamsimlarly discloses vehicles with

headl anps that can be controlled to change brightness

scheduling@fortzlegal.com fortzlegal.com Toll Free: 844.730.4066
SPERO EX. 2041



© 00 N O o A W N P

N N N N NN R P P P R R R R R
O A W N P O © 0 N O O A W N B O

MERCEDES-BENZ USA v YECHEZKAL EVAN SPERO Job 28642

PAPANIKOLOPOULOS, DR. NIKOLAOS 02/23/2024

101

and beam patterns based on objects, so as to nmaxim ze
the illum nated area in front of the vehicle wthout
causi ng excess glare in the eyes of other drivers.

"Stam further discloses that predefined
t hreshol d val ues can be considered in setting the
I 1 lum nance of |ow and hi gh beans, and that
governnents have laws |limting the intensity of
vehi cl e headl anps, including to control the anmount of
gl are experienced by drivers of other vehicles.
(1:16-2:5)

"Stam gi ves an exanple of [imting
headlight illum nance to below a threshold of '"0.1
foot candles" -- so this is candles per square feet.
It's a unit that's used to nmeasure illum nance --
"incident or other vehicles, to avoid causing glare
and to conply with regul ations, and notes that when
no ot her vehicles are present, the lights can be on
hi gh beam above this predefined threshold."

And then in 148 it says: "It would have
been obvious to use such a predefined glare |evel,
such as 0.1 foot candles, in the system of Al den.
This woul d have required nothing nore than setting a
predetermned illum nance |evel to 'control the
anount of glare experienced by drivers' as taught by

Stam "
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Q Ckay. So you're relying on Stam for
teaching a threshold level; is that correct?

A Just giving this particul ar val ue.

Q Ckay.

A | f my argunent -- my previous argunent was
basically -- although I think it's rather obvious, |
use Stamto provide this particular figure.

Q Ckay. So now what do you rely on Beam for
teaching in this conbination?

A G ve ne one mnute. Do you happen to have
Bean? |'msorry to ask.

Q | brought a | ot of paper that | want to
get rid of.

THE WTNESS: And this is Exhibit No. 007
(sic).
MR TURNER: So 1007?

A Yes. Just give ne one mnute. Yeah. |

used from Beam -- should | describe Beam or no?
BY MR TURNER

Q Well, just -- sure.

A So Beam di scl oses |ike Al den a system --
this is paragraph 152. "Li ke Al den, Beam di scl oses a
system control ling headlight output patterns in
particular areas to elimnate 'the blinding of a

driver in an oncom ng vehicle, while continuing to
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provide intense forward illum nation.
This is from Beam Abstract and 1:5-19.
"Beam descri bes a vehicle headl anp systemthat uses a
‘sensor 107' to detect light from other vehicles.
(Beam 4:9-59, 5:3-16, clains 1-6, figures 1-2, 4.)
"The sensor data is used by a controller
108 to adjust the output of a plurality of
i ndividually controlled |ight sources, or
‘m crobeans,’ making up the headlight beamin order
to attenuate beans directed to detect vehicles.
Q Now, just that |ast sentence, when you say
"light sources or mcrobeans," are you --
A |"mreferring to this individual who uses
the term"m crobeans."
Q kay. So what is a mcrobeanf
A Let ne go back and see. Bear with ne one
mnute, sir. So if you go to colum 2, row 56 says:
"I't will then control the |ight output of a group
selected froma nmultiplicity of narrow angl e beans
(m crobeans) which conprise the overall headli ght
beam pattern.”
So it uses these m crobeans as conponents
of the overall headlight beam pattern.
Q So the mcrobeamis a conponent of an

overall beant

scheduling@fortzlegal.com fortzlegal.com Toll Free: 844.730.4066
SPERO EX. 2041



© 00 N O o A W N P

N N N N NN R P P P R R R R R
O A W N P O © 0 N O O A W N B O

MERCEDES-BENZ USA v YECHEZKAL EVAN SPERO Job 28642

PAPANIKOLOPOULOS, DR. NIKOLAOS 02/23/2024

104

A Headl i ght beam according to the
di scl osure here.

Q Al right. And what creates a m crobeanf

A So if you go to colum 5, row 32: "Figure
7 is a block diagramof the electronics portion of a
controller 108. The spatial scene data from sensor
107 is thresholded to elimnate weak signals and
beconmes the input to a processor.

"A cl ock generator produces a |line clock
whi ch determnes the line to be read or illum nated,
and a dot clock, which determ nes the |ocation of the
pi xel on the line to be read or illumnated. The dot
cl ock output is connected to sensor, spatial |ight
nodul at or and a dot counter 1103 via a bus 1111.

"The line clock output is connected to
sensor 107, spatial |ight nodul ator 203 and a |ine
counter 1104 via a bus. The nuneric value of dot
counter is transferred to processor 1105 via a bus
1113.

"The nuneric value of |ine counter 1104 is
transferred to processor 1105 via a bus 1112.
Processor 1105 uses appropriate algorithns on the
I ncom ng data to determ ne the |ocations to be
bl anked, and stores themin nenory 1106."

So, in other words, blank. So they don't
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want any |ight there.

Q So the m crobeamis light?

A Yeah. Produced, | believe, in this case
by using basically this electronic apparatus in
conjunction with the spatial |ight nodulator. [It's
one of the nethods used to produce |ight.

Q Ckay. So a m crobeam woul d be the out put
from a nodul at or?

A Anong ot her things based on the
description here.

Q kay. Does the term"m crobeant refer to
any type of structure or is it the output of a
| i ghti ng device?

A Can you clarify? Wat do you nean
structure a beam (phonetic)? | nean, polarization?
You nean a phase? You nean second wavel engt h?

Q Vell, let me rephrase. Do you agree that
a mcrobeamis the output of a lighting systenf

A Yeah. Umhum-- or it's a possible
out put, one of the many ways that we can produce
| i ght out put.

MR. HUGHES: Counsel, we've been going a
little over an hour.
MR. TURNER  Yes. Let's take a break.

Fi ve, ten m nutes?
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MR. HUGHES: Ckay.
(A break was taken.)
BY MR TURNER

Q kay. |1'd like to return to the Al den
reference, which was Exhibit 1005.

A One main part of the declaration or --

["11 do both,

Q kay. Al right. So for Alden, can you
turn to figure 5 again?

A Yep.

Q So when we di scussed this before, we
di scussed the 15-degree spread.

Do you recall that?

A Yes.

Q kay. And that 15-degree spread, that was
fromone of the |ight elenents; is that correct?

A Yeah. Based on the spec -- let's make
sure -- yeah. Paragraph 29 it says: "In the
illustration, the 125 from 119" -- 119 is the LED --
"falls across a 15-degree section of the headlight
distribution area.”

Q kay. So if that's one |ight elenent that
provi des a 15-degree segnent, what is the total
spread fromall of the |ight elenents shown in figure
57
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A Again, this is a slice, sothisis a
t hr ee- di nensi onal structure, Nunber 1. Nunber 2, it
says: "Each other lighting elenent simlarly falls
within a defined area of the light distribution
area." So it's just depending on the figure 3, the
logic in figure 4, and how these are placed on the
curve.

This is going to be different. And we're
tal king about, again, 3-D structure as it corresponds
to the headlight.

Q Okay. So the light elenents that are
shown in figure 15, what is the total beam spread?

MR. HUGHES: bjection. Form

A. As | said, this is a high-level diagram
So it just illustrates how this whol e headlight with
controll able LEDs work. So it will be speculation to
say that this is exact because this is a high-Ievel
concept di agram

BY MR TURNER

Q Ckay. So based on your analysis in
reviewi ng the challenge clains in view of Al den, what
IS your opinion on the total beam spread as descri bed
in Al den?

A | wll go wth what he says, paragraph 2:

"The result is an automated headlight system which
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enabl es the driver of a vehicle so equipped to see
optimally, while concurrently the driver of an
oncom ng (i naudible) can -- also can see optinmally.
| n other words, depending on the scenario

and dependi ng on what we have on figure 3 on
el ements, left sensor, right sensor, and through the
| ogic and CPU, which is described in figure 4, how
they select the elenents, the shadowed areas,
basi cal |y, you have the whole systemof Alden in its
totality.

Q Okay. So does the figure 3 description
affect the total beam spread of the figure 5
enbodi nent ?

A The figure 3 can inform But, again, this
Is a concept. So if you |look at the nunber of rows
on 77 and 79, it's not clear how many. Assum ng that
each el enment controls one LED, it's not clear and I
cannot count here.

Q |"msorry. Wat were you just referring
to?

A Do you see 777

Q In figure 3?

A In figure 3. It's a reference as an array
matrix. |In other words, there are rows and col ums.

So here basically the disclosure is that each one of
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these controls one LED. And this is what the POSI TA
woul d understand at that tine.

So it doesn't give ne any information how
many rows, how many colums we have. It's a concept
diagram There are no di nensions, no scale.

Q So you're saying fromthe figure 3
enbodi ment - -

A It's not really an enbodinent. It doesn't
mention this as an enbodi nent.

Q kay. So is this a sensor array in --

A The sensor array is the 14 -- is the 51a,
51Db.

Q 5la and 51b. So are you saying that for
each sensor there's an associ ated LED?

A. No. This is not what | said. |If you | ook
at figure 4, we have the information that is
extracted through thresholding fromfigure 4 elenents
89, 91, and then 93, 95.

Then we conpile a left sensor map and we
conpile a right sensor map. W conpare the left with
the right. Then through the use of nenory we
cal cul ate the distance of each threshol d object.

| need to nention here that the figure 4
di scl oses sonething quite inportant and interesting,

that they nove fromlights -- thresholding lights to
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obj ects, and then cal cul ate di stance of each
t hreshol di ng obj ect using triangulation, calculate
t he headl i ght dimzones for each threshol d object,
and switch -- this is the part that goes -- that
informs 77 and 79, requisite headlight segnments to
dim switch other segnents to high beam

So, basically, if we go -- | had one
figure highlighted -- let nme find it -- figure 3. So
I f you go paragraph 85, page 63 on the 01039 -- so
the yellow area is the high beam which is in the
broader field above and below | eft and right of the
area where are the headlights and the driver plus
t his expanded box remains, and then the other area is
di m

But -- so you see we have to see all this
intertwwned. This is the process. This is the logic
t hat describes the pattern recognition or the object
recognition, and then the figure 5 actually shows you
t he LEDs.

Q Al right. So back to the figure 25
enbodi nrent. Do these beans overlap? Do each segnent
overl ap?

MR. HUGHES: (bjection. Vague. Conpound.

A Fromthe diagram-- | wll only specul ate

fromthis diagram
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BY MR TURNER:

Q Ckay. So, in your opinion, do the beans
overl ap?
A Again, | don't want to speculate on this

one because | don't have the exact distance between
the LEDs, the placenent of LEDs, the angle, the
curvature associated with this curve that we see
her e.

Q So is it your opinion that w thout al
this additional information a person of ordinary
skill in the art would not understand the shape of
the beam pattern fromthe Al den reference?

A No. | disagree wwth this. | think that
Is a very clear concept that goes from headlights,
caneras, sensors to CPU |logic, which is described in
figure 4, and then having controller LEDs which are
going to direct the light in areas where we need the
light, or in areas where we want to reduce the glare
we're going to dimthem

So | think a POSITA -- | was asked to
opi ne how a POSI TA woul d | ook at these docunents and

this prior art. So | think this is -- this is what

SPERO EX. 2041

Al den t eaches us.
Q So does Al den teach to a person of
ordinary skill in the art what the output beam
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pattern is fromthe figure 5 enbodi nent?

A | think it teaches you that basically you
have one sensor associated wth the |eft headlight,
one right sensor associated with the right headlight.

Then as soon as the system detects the
| ogi c and CPU as the caneras, these sensors, register
lights through the flow which is described in figure
4, we can basically follow these steps, create these
sensor maps, which are basically the imges.

W can through pattern recognition
cal cul ate the object, calculate the distance of the
obj ect through triangulation, and then cal cul ate the
headl i ght di m zones for this threshol ding object and
then we can switch the requisite headlight segnents
dim if this is in autononous node, or basically the
driver can select the manual dimer switch in the use
case of headlights at m ninum gl are and maxi mum
visibility for the driver.

Q So in the scenario when there's not any
vehicles present -- so this is not a dimcondition --
woul d the beans -- the output beans in the figure 5
enbodi nent overl ap?

A | think ny answer, again, would be
specul ati on because the issue there is not so nuch --

as | nmentioned earlier, there are a | ot of paraneters
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which -- there are several paraneters that cone into
play: How many LEDs? Wsat is the angle, the
curvature of the -- and then the exi stence or
nonexi stence of a vehicle or vehicles. Because, in
particular, Al den discloses that it can detect
mul ti ple vehicles and have nmultiple dinm ng zones.

It can influence a |ot of these optics or
the inpact of optics as we sense the environnent.

Q So what is the shape of the lens 121 in
the figure 5 enbodinent?

A It's the headlight lens that focus the
I i ght basically.

Q Okay. What is the shape of the headlight
| ens that focuses the |ight?

A Wth respect to convex? concave? The way
| see this is actually nore |like a convex. But,
again, it's pure specul ation because this is at a
hi gher | evel.

Q So the lens illustrated in figure 5, which
Is 121, that's a convex shape?

MR. HUGHES: bjection to the extent it
m scharacterizes his testinony.

A | say this is pure speculation, and |

don't want to do this. So | would say with extrene

caution that there is a possibility that this is a
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convex | ens.

BY MR TURNER

Q Ckay.

A But just to give you the infinite
possibilities, it may be a pol ycarbonate headl i ght
cover that may have different characteristics but
still act as a lens. A polycarbonate lens with
different segnents may follow this category. So
that's why | say that this is pure specul ation.

Q Al'l right. And how about the LED array?
What is the shape of the LED array that's shown in
figure 5?

A As | mentioned, the disclosure basically
Is -- "The 119 and other lighting elenents are on a
curve along the focal point of a headlight |ens 121
such that the light fromeach |ighting el enent goes
into a specified portion (or portions) of the
| egality distribution area.

Element emtted [ight 125 being an exanple
of an elenent's light being directed into one sector
of the light distribution area.™

Q Okay. So you said the light elenments are
on a curve. So what shape would that be?

A This is not what | say. This is what the

spec says.
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Q Ckay. But you're giving us your opinion
on what the spec discloses, right?

A My opinion -- | was asked to opine if the
el enments of the particular clains basically were
anticipated, and this is what | opined. And I can
read you fromny decl arati on.

Q kay. So what woul d be the
t hree-di nensi onal shape of this array that's shown in
figure 5?

A |f we take the slice, again, at the
conceptual level, it's going to be sonething that
corresponds to the figure 4 -- to the figure 3 that
we have, which is an array matrix of LED el enents,
each one controlled by each control switch that
corresponds to the particular |ocation coordinate
where the |ight has been detected.

Q So figure 5 shows one row of LEDs. Are
you saying there would be nultiple rows stacked on
top of each other?

A Can you repeat the question?

Q So for figure 5 it shows one group of
| ight elenments 119 that are fornmed along a curve; is
t hat correct?

A Yes.

Q kay. So if this is a section, what is --
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what is below this section of |ight elenents?

A So they wll be multiple -- so think of
stacks of this section that are going to formthe --
basically, the array of LED elenents that corresponds
to this control switch which is shown in figure 3,
the el ement 77 and 79.

Q So do these stacks follow the sane curve?

A | think they will follow. They will be on
the curve in order to maximze the visibility for the
driver in reducing glare. | think | read earlier a
statenent. | can go back. But a POSITA woul d have
known how to place these on this curve in order to
maxi mze visibility and non-glare for the oncom ng or
the drivers who are proceedi ng.

And we shouldn't forget the second
application which is actually around the curve. So
around the curve we may want to have LEDs on the
sides that are going to be activated when we want to
hi ghl i ght the curvature up and down.

So, again, if you look at this idea that
this -- | believe it's called ADB standard, adaptive,
| believe, driving beam or sonething |ike that.

It was approved recently to cone to the
US But thisis a matrix of elenents. It was

denonstrated i n Europe by Lexus years back, and
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slowy we see it in cars here.

So | think that's -- that's what POSI TA
Alden in its -- based on the specific statenents that
t hey have included, this is what it discloses.

Q Okay. So you referenced the ADB, | think
you said, standard; is that correct?

A Yes.

Q So is it your opinion that the Al den
design, Al den reference, is based on this ADB
st andard?

A No. That's not what | said. | said if we
want to see the trend -- so let's go back to the
history a little bit of headlights.

As | told you, |I have worked all these
years wth autonotive systemand intelligent
vehicles. So we go back to the Tucker, T-U CK-E-R
cars. So this is one of the first ones that
I ntroduce sone standards for headlights. Then there
was a | ot of discussion about how we can nake these
safer, nore effective.

Then -- | may have the years wong --
excuse ne. |It's getting late. So sonehow at the
begi nni ng of 2000 The National H ghway board started
a three-phase effort -- | don't recall the nane --

basi cal ly, how we can change this; how we can inprove
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t his.

In the nmeantine, in Europe Audi and then
BMNV and | believe Vol kswagen created anot her
commttee to |l ook at the ADB standard whi ch stands
for, | believe, adaptive driving beam or sonething
i ke that.

So the U S is so fragnented until very
recently that states, for exanple, have power. |[f
you | ook, for exanple, the state of California has a
standard about the |um nance associated wth
headl i ghts which is conpletely different than the
standard that we have in Mnnesota. The M nnesota
(i naudi bl e) has a different one.

Not only this, but there are different
operating environnments. The beginning -- | think
until COVID the matrix LED and ADB standard was not
al | oned because basically the -- so, if | understand
correctly, the main objection of the Federal
Governnent was actually we need to have hi gh beans
and | ow beans.

By the mddle of COVID | believe that cars
like this are allowed in the U S., but | think -- |
know of a few nodels and we start seeing nore. But
the idea is that you don't have -- you have a matriXx

of LEDs and basically you can do sone very
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I nteresting things.

And this is the new generation of |ights.
| nmean, ny advisor at the project at Carnegie Ml on
Uni versity -- they have a project of a pickup truck

with intelligent headlights where they were having

speci al nodul ators and LEDs and fans. The problemis

that you need to conduct the heat. You need to
renove the heat for the headlight.

Q Al right. So if we can return back to
the shape of LED array in figure 5, is there -- if
these are nultiple stacks or nultiple rows of LEDs,
woul d they be uniformin shape between one stack and
an adj acent stack?

A It can be many variations. | nean, you
can have, for exanmple -- | will give you an exanpl e.
You can have an LED with a spherical cover that may
give you nore -- better visibility on the corner.

So dependi ng on the task at hand -- so,
for exanple, you can put -- let's suppose you are in
a turning situation and you want to highlight the
reflectors nore, you can have different type of LEDs
as long as all of themare controll able.

Once you consider how you are going to
cool these -- | nean, the use of alum num as part of

the material is -- actually, alumnumis a very good
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conductor so it can take the heat out.

So a PCSI TA will have had enough
Information in order to start designing -- | nean, if
| ook at the Lexus systemthat probably is the first
one that introduced LEDs in a conmercial car in 2003,
2004 roughly.

And if you |look at the Audi systemthey're
basically -- they have different operational
characteristics because in Europe the height of
headl i ghts is sonething that is heavily regul at ed.
It's not the same in the U S.

So all of these constraints there will be
parts of a POSI TA know edge in order to design a
vehicle's headlights. And if | can nention another
exanpl e, LEDs in general are 90 percent nore
efficient than incandescent |ight. The problemis
they are also far better to resisting vibrations.

However, one shoul d consi der specialized
buses and processors for these lights -- data buses
and processors in order basically to inplenent these
| ogi cs that we have been di scussing now.

Now, when you have a bus sone of the
dangers you have -- you may have a cyber attack or a
security issue with a processor that runs your
headl i ghts or LEDs.
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Q Ckay. So you nentioned that the LED array
of Alden could be a spherical shape; is that correct?
A. Among other things. Again, it's a
different design -- this may be different for a car
that sits low |i ke Porsche, for exanple.
| have seen a Porsche take on (phonetic)
that's very |low versus a truck Iike a Dodge Ram t hat
I's high, because if we want to see over the hill a
car that sits very | ow may have different
requirenents.
MR TURNER. Ckay. I'mall set. Do you
guys want to break?
MR HUGHES: We'll take just a few
m nut es.
(A break was taken.)
MR. HUGHES: We don't have anyt hing.
THE REPORTER: Readi ng and si gni ng?
MR. HUGHES: Reading and signing, yes.
THE REPORTER: Would you |ike a copy, M.
Hughes?
MR HUGHES: Yes, please.
THE REPORTER: eTran, hardcopy, or both?
MR. HUGHES: An eCopy is fine.
MR. TURNER: Electronic is fine,.
THE REPORTER: Did you need a rough, M.
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Hughes?

MR. HUGHES. Yes, please.

MR. TURNER  Rough, please, also.

THE REPORTER  Regul ar delivery?

MR. HUGHES: |If we can get the rough, and
regul ar delivery is fine.

(Si gnature having not been waived, the
deposition of Dr. N kol aos Papani kol opoul os was
concluded at 3:44 p.m)
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CERTI FI CATE OF W TNESS

|, DR N KOLACS PAPANI KOLOPQULCS, do hereby
decl are under penalty of perjury that | have read t
entire foregoing transcript of ny deposition
testinony, or the sane has been read to ne, and
certify that it is a true, correct, and conplete
transcript of ny testinony given on Mdnday, Cctober
16, 2023, save and except for changes and/ or
corrections, if any, as indicated by ne on the
attached Errata Sheet, wth the understandi ng that
of fer these changes and/or corrections as if still

under oat h.

| have nmade corrections to ny deposition.

| have NOT nmade any changes to ny deposition.

Si gned

DR. NI KOLAGCS PAPANI KOLOPOULGS

he

Dated this _ day of of 20 .
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REPORTER CERTI FI CATE
WASHI NGTON, DC

|, Sherry L. Brooks, a Notary Public within and
for the Jurisdiction aforesaid, do hereby certify
that the foregoing deposition of DR N KOLAGCS
PAPANI KOLOPQULOS appeared before ne on Fri day,
February 23, 2024, pursuant to notice, at the tine
and pl ace indicated; that said deponent was by ne
duly sworn to tell the truth, the whole truth, and
not hing but the truth; that the testinony of said
deponent was correctly recorded by machi ne shorthand
by me and thereafter transcribed under ny supervision
wi th conputer-aided transcription; that the
deposition is a true record of the testinony given by
the witness; and that | amneither of counsel nor Kkin
to any party in said action, nor interested in the
out come t hereof.

| N W TNESS WHEREOF, | have hereunto set nmy hand
and official seal this 1st day of March 2024.

Shrerry DBrocks

SHERRY L. BROOKS, CLR and Notary Public

Comm ssion Expires: Novenber 30, 2025
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Detection and Classification of Vehicles

Surendra Gupte, Osama Masoud, Robert F. K. Martin, and Nikolaos P. Papanikolopoulos, Member, IEEE

Abstract—This paper presents algorithms for vision-based de-
tection and classification of vehicles in monocular image sequences
of traffic scenes recorded by a stationary camera. Processing is
done at three levels: raw images, region level, and vehicle level.
Vehicles are modeled as rectangular patches with certain dynamic
behavior. The proposed method is based on the establishment
of correspondences between regions and vehicles, as the vehicles
move through the image sequence. Experimental results from
highway scenes are provided which demonstrate the effectiveness
of the method. We also briefly describe an interactive camera
calibration tool that we have developed for recovering the camera
parameters using features in the image selected by the user.

Index Terms—Camera calibration, vehicle classification, vehicle
detection, vehicle tracking.

I. INTRODUCTION

RAFFIC management and information systems rely on

a suite of sensors for estimating traffic parameters. Cur-
rently, magnetic loop detectors are often used to count vehicles
passing over them. Vision-based video monitoring systems offer
a number of advantages. In addition to vehicle counts, a much
larger set of traffic parameters such as vehicle classifications,
lane changes, etc., can be measured. Besides, cameras are much
less disruptive to install than loop detectors. Vehicle classifica-
tion is important in the computation of the percentages of ve-
hicle classes that use state-aid streets and highways. The current
situation is described by outdated data and often, human oper-
ators manually count vehicles at a specific street. The use of
an automated system can lead to accurate design of pavements
(e.g., the decision about thickness) with obvious results in cost
and quality. Even in large metropolitan areas, there is a need for
data about vehicle classes that use a particular street. A classifi-
cation system like the one proposed here can provide important
data for a particular design scenario.

Our system uses a single camera mounted on a pole or other
tall structure, looking down on the traffic scene. It can be
used for detecting and classifying vehicles in multiple lanes
and for any direction of traffic flow. The system requires only
the camera calibration parameters and direction of traffic for
initialization.
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The paper starts by describing an overview of related work,
then a description of our approach is presented, a camera cali-
bration tool developed by our group is described, experimental
results are presented, and finally conclusions are drawn.

II. RELATED WORK

Tracking moving vehicles in video streams has been an
active area of research in computer vision. In [2], a real
time system for measuring traffic parameters is described. It
uses a feature-based method along with occlusion reasoning
for tracking vehicles in congested traffic scenes. In order to
handle occlusions, instead of tracking entire vehicles, vehicle
subfeatures are tracked. This approach however is very com-
putationally expensive. In [6], a moving object recognition
method is described that uses an adaptive background subtrac-
tion technique to separate vehicles from the background. The
background is modeled as a slow time-varying image sequence,
which allows it to adapt to changes in lighting and weather
conditions. In a related work described in [10], pedestrians are
tracked and counted using a single camera. The images from
the input image sequence are segmented using background
subtraction. The resulting connected regions are then grouped
together into pedestrians and tracked. Merging and splitting of
regions is treated as a graph optimization problem. In [11], a
system for detecting lane changes of vehicles in a traffic scene
is introduced. The approach is similar to the one described
in [10] with the addition that trajectories of the vehicles are
determined to detect lane changes.

Despite the large amount of literature on vehicle detection .
and tracking, there has been relatively little work done in the
field of vehicle classification. This is because vehicle classifi-
cation is an inherently hard problem. Moreover, detection and
tracking are simply preliminary steps in the task of vehicle clas-
sification. Given the wide variety of shapes and sizes of vehicles
within a single category alone, it is difficult to categorize vehi-
cles using simple parameters. This task is made even more dif-
ficult when multiple categories are desired. In real-world traffic
scenes, occlusions, shadows, camera noise, changes in lighting
and weather conditions, etc. are a fact of life. In addition, stereo
cameras are rarely used for traffic monitoring. This makes the
recovery of vehicle parameters—such as length, width, height
etc., even more difficult given a single camera view. The in-
herent complexity of stereo algorithms and the need to solve the
correspondence problem makes them unfeasible for real-time
applications.

In [9], a vehicle tracking and classification system is de-
scribed that can categorize moving objects as vehicles or
humans. However, it does not further classify the vehicles into
various classes. In [7], an object classification approach that
uses parameterized 3-D models is described. The system uses a

1524-9050/02$17.00 © 2002 IEEE
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3-D polyhedral model to classify vehicles in a traffic sequence.
The system uses a generic vehicle model based on the shape of
a typical sedan. The underlying assumption being that in typical
traffic scenes, cars are more common than trucks or other types
of vehicles. The University of Reading has done extensive work
in three-dimensional tracking of vehicles and classification
of the tracked vehicles using 3-D model matching methods.
Baker and Sullivan [1] and Sullivan [13] utilized knowledge
of the camera calibration and that vehicles move on a plane in
their 3-D model-based tracking. Three-dimensional wireframe
models of various types of vehicles (e.g., sedans, hatchbacks,
wagons, etc.) were developed. Projections of these models were
then compared to features in the image. In [15], this approach
was extended so that the image features act as forces on the
model. This reduced the number of iterations and improved
performance. They also parameterized models as deformable
templates and used principal component analysis to reduce
the number of parameters. Sullivan et al. [14] developed a
simplified version of the model-based tracking approach using
orthographic approximations to attain real-time performance.

I1I. OVERVIEW

The system we propose consists of six stages.

1) Segmentation: in this stage, the vehicles are separated
from the background in the scene.

2) Region Tracking: the result of the segmentation step is
a collection of connected regions. This stage tracks re-
gions over a sequence of images using a spatial matching
method.

3) Recovery of Vehicle Parameters: to enable accurate clas-
sification of the vehicles, the vehicle parameters such as
length, width, and height need to be recovered from the
2-D projections of the vehicles. This stage uses informa-
tion about the camera’s location and makes use of the fact
that in a traffic scene, all motion is along the ground plane.

4) Vehicle Identification: our system assumes that a vehicle
may be made up of multiple regions. This stage groups
the tracked regions from the previous stage into vehicles.

5) Vehicle Tracking: due to occlusions, noise, etc., there is
not necessarily a one-to-one correspondence between re-
gions and vehicles, i.e., a vehicle may consist of multiple
regions and a single region might correspond to multiple
vehicles. To enable tracking of vehicles despite these dif-
ficulties, our system does tracking at two levels—region
level and the vehicle level.

6) Vehicle Classification: after vehicles have been detected
and tracked, they are classified.

The following sections describe each of these stages in more
detail.

IV. SEGMENTATION

The first step in detecting vehicles is segmenting the image
to separate the vehicles from the background. There are var-
ious approaches to this, with varying degrees of effectiveness.
To be useful, the segmentation method needs to accurately sep-
arate vehicles from the background, be fast enough to operate

in real time, be insensitive to lighting and weather conditions,
and require a minimal amount of initialization. In [6], a seg-
mentation approach using adaptive background subtraction is
described. Kalman filtering is used to predict the background
image during the next update interval. The error between the
prediction and the actual background image is used to update
the Kalman filter-state variables. This method has the advantage
that it automatically adapts to changes in lighting and weather
conditions. However, it needs to be initialized with an image
of the background without any vehicles present. In [5], a prob-
abilistic approach to segmentation is described. They use the
expectation maximization (EM) method to classify each pixel
as moving object, shadow or background. Another approach
to segmentation is time differencing, (used in [9]) which con-
sists of subtracting successive frames (or frames a fixed interval
apart). This method is also insensitive to lighting conditions and
has the further advantage of not requiring initialization with a
background image. However, this method produces many small
regions that can be difficult to separate from noise.

We use a self-adaptive background subtraction method for
segmentation. This is similar in principle to the method de-
scribed in [5]. However we use a much simpler and more robust
method for updating the background. In addition, our method
automatically extracts the background from a video sequence
and so no manual initialization is required.

Our segmentation technique consists of three tasks:

 Segmentation;
« Background update;
« Background extraction.

A. Segmentation

For each frame of the video sequence (referred to as current
image), we take the difference between the current image and
the current background giving the difference image. The differ-
ence image is thresholded to give a binary object mask. The ob-
ject mask is a binary image such that all pixels that correspond
to foreground objects have the value 1, and all the other pixels
are set to 0.

B. Adaptive Background Update

The basic principle of our method is to modify the back-
ground image that is subtracted from the current image (called
the current background) so that it looks similar to the back-
ground in the current video frame. We update the background
by taking a weighted average of the current background and the
current frame of the video sequence. However, the current image
also contains foreground objects. Therefore, before we do the
update we need to classify the pixels as foreground and back-
ground and then use only the background pixels from the current
image to modify the current background. Otherwise, the back-
ground image would be polluted with the foreground objects.
The binary object mask is used to distinguish the foreground
pixels from the background pixels. The object mask is used as a
gating function that decides which image to sample for updating
the background. At those locations where the mask is 0 (corre-
sponding to the background pixels), the current image is sam-
pled. At those locations where the mask is 1—corresponding to
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Fig. 1. Computation of the instantaneous background.
foreground pixels—the current background is sampled. The re-
sult of this is what we call the instantaneous background. This
operation described above can be shown in diagrammatic form
as in Fig. 1.

The current background is set to be the weighted average of
the instantaneous and the current background

CB = aIB+ (1 — a)CB. (D
The weights assigned to the current and instantaneous back-
ground affect the update speed. We want the update speed to be
fast enough so that changes in illumination are captured quickly,
but slow enough so that momentary changes (due to, say the
AGC of the camera being activated) do not persist for an unduly
long amount of time. The weight has been empirically deter-
mined to be 0.1. We have found that this gives the best tradeoffin
terms of update speed and insensitivity to momentary changes.

C. Dynamic Threshold Update

After subtracting the current image from the current back-
ground, the resultant difference image has to be thresholded
to get the binary object mask. Since the background changes
dynamically, a static threshold cannot be used to compute the
object mask. Moreover, since the object mask itself is used in
updating the current background, a poorly set threshold would

Instantaneous background

result in poor segmentation. Therefore we need a way to up-
date the threshold as the current background changes. The dif-
ference image is used to update the threshold. In our images, a
major portion of the image consists of the background. There-
fore the difference image would consist of a large number of
pixels having low values, and a small number of pixels having
high values. We use this observation in deciding the threshold.
The histogram of the difference image will have high values for
low pixel intensities and low values for the higher pixel inten-
sities. To set the threshold, we need to look for a dip in the
histogram that occurs to the right of the peak. Starting from
the pixel value corresponding to the peak of the histogram, we
search toward increasing pixel intensities for a location on the
histogram that has a value significantly lower than the peak
value (we use 10% of the peak value). The corresponding pixel
value is used as the new threshold.

D. Automatic Background Extraction

In video sequences of highway traffic it might be impossible
to acquire an image of the background. A method that can auto-
matically extract the background from a sequence of video im-
ages would be very useful. Here we assume that the background
is stationary and any object that has significant motion is consid-
ered part of the foreground. The method we propose works with
video images and gradually builds up the background image
over time.
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Fig. 2. Background adaptation to changes in lighting conditions. (a) Initial background provided to the algorithm. (b) Image of the scene at dusk. (c) Current
background after 4 s. (d) Current background after 6 s. (e) Current background after 8 s.

The background and threshold updating described above is
done at periodic update intervals. To extract the background, we
compute a binary motion mask by subtracting images from two
successive update intervals. All pixels that have moved between
these update intervals are considered part of the foreground. To
compute the motion mask for frame ¢ (M M;), the binary object
masks from update interval i (OM;) and update interval ¢ —
1 (OM;_,) are used. The motion mask is computed as

MM; = ~OM;_; & OM;. (2)

This motion mask is now used as the gating function to com-
pute the instantaneous background as described above. Over a
sequence of frames the current background looks similar to the
background in the current image.

E. Self-Adaptive Background Subtraction Results

Fig. 2(a)-(e) shows some images that demonstrate the
effectiveness of our self-adaptive background subtraction
method. The image (a) was taken during the day. This was
given as the initial background to the algorithm. The image

(b) shows the same image at dusk. The images (c), (d), and (e)
show how the background adaptation algorithm updates the
background so that it closely matches the background of image
(b). Fig. 3(a)—(e) demonstrates how the algorithm copes with
changes in camera orientation.

V. REGION TRACKING

A vision-based traffic monitoring system needs to be able to
track vehicles through the video sequence. Tracking eliminates
multiple counts in vehicle counting applications. Moreover, the
tracking information can also be used to derive other useful in-
formation like vehicle velocities. In applications like vehicle
classification, the tracking information can also be used to refine
the vehicle type and correct for errors caused due to occlusions.

The output of the segmentation step is a binary object mask.
We perform region extraction on this mask. In the region
tracking step, we want to associate regions in frame ¢ with the
regions in frame ¢ + 1. This allows us to compute the velocity
of the region as it moves across the image and also helps in the
vehicle tracking stage. There are certain problems that need
to be handled for reliable and robust region tracking. When
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Fig. 3. Background adaptation to changes in camera orientation. (a) Initial background provided to the algorithm. (b) Image of the scene after camera orientation
has changed. (c) Current background after 4 s. (d) Current background after 6 s. (e) Current background after 8 s.

considering the regions in frame ¢ and frame 441 the following
problems might occur:
* A region might disappear. Some of the reasons why this
may happen are as follows.

* The vehicle that corresponded to this region is no
longer visible in the image, and, hence, its region
disappears.

* Vehicles are shiny metallic objects. The pattern of
reflection seen by the camera changes as the vehicles
move across the scene. The segmentation process
uses thresholding, which is prone to noise. At some
point in the scene, the pattern of reflection from a
vehicle might fall below the threshold and, hence,
those pixels will not be considered as foreground.
Therefore the region might disappear even though
the vehicle is still visible.

* A vehicle might become occluded by some part of
the background or another vehicle.

» Anew region might appear. Some possible reasons for this
include the following.

A new vehicle enters the field of view of the camera
so a new region corresponding to this vehicle ap-
pears.

* For the same reason as that mentioned above, as the

pattern of reflections from a vehicle changes, its in-

tensity might now rise above the threshold used for
segmentation, and the region corresponding to this
vehicle is now detected.

A previously occluded vehicle might no longer be

occluded.

* A single region in frame ¢ might split into multiple regions
in frame ¢ + 1 because of the following reasons.

* Two or more vehicles might have been passing close
enough to each other that they occlude (or are oc-
cluded) and, hence, are detected as one connected
region. As these vehicles move apart and are not oc-
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Fig. 4. Detected regions and their resultant association graph. (a) Frame i-1. (b) Frame i. (c) Previous regions P. (d) Current regions C. (¢) The association graph

shows that P has split into C'y and Caz.

cluded, the region corresponding to these vehicles
might split up into multiple regions.

» Due to noise and errors during the thresholding
process, a single vehicle that was detected as a
single region might be detected as multiple regions
as it moves across the image.

« Multiple regions may merge. Some reasons why this may
occur include the following.

o Multiple vehicles (each of which were detected as
one or more regions) might occlude each other and
during segmentation get detected as a single region.

« Again, due to errors in thresholding, a vehicle that
was detected as multiple regions might later be de-
tected as a single region.

The region tracking method needs to be able to robustly handle
these situations and work reliably even in the presence of these
difficulties. We form an association graph between the regions
from the previous frame and the regions in the current frame.
We model the region tracking problem as a problem of finding
the maximal weight graph. The association graph is a bipartite
graph where each vertex corresponds to a region. All the ver-
tices in one partition of this graph correspond to regions from

the previous frame, P and all the vertices in the other partition
correspond to regions in the current frame, C. An edge E;; be-
tween vertices V; and V; indicates that the previous region FP; is
associated with the current region Cj;. A weight w is assigned
to each edge E;;. The weight of edge E;; is calculated as

w(E;;) = A(P; N C;) (3)
i.e., the weight of edge E;; is the area of overlap between region
P; and region C;. The weight of the graph G is defined as

’LU(G) = Z Eij.

E;;€G

“

A. Building the Association Graph

The region extraction step is done for each frame resulting in
new regions being detected. These become the current regions,
C. The current regions from frame ¢ become the previous re-
gions P in frame ¢ + 1. To add the edges in this graph, a score
is computed between each previous region P; and each current
region C;. The score s is a pair of values (Sp—c, Semspy. Itis a
measure of how closely a previous region F; matches a current
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Fig. 5. A conflict component.

region Cj. The area of intersection between F; and C; is used
in computing s

_ARNG)

B s = A(P,-)J ; (5)
_ A(BNCj)

Se—p = A(—C’J)J— (6)

This makes the score s independent of the actual area of both
regions F; and Cj.

B. Adding Edges

Each previous region F; is compared with each current region
Cj and the area of intersection between F; and C is computed.
The current region C; jax that has the maximum value for sp_,.
with P; is determined. An edge is added between P; and C; ax.
Similarly, for each region C}, the previous region Pjpax that
has the maximum value for s._,, with Cj is determined. An
edge is added between vertices Pj ax and Cj.

The rationale for having a two-part score is that it allows us to
handle region splits and merges correctly. Moreover, by always
selecting the region C; max(Pj max) that has the maximum value
for sp—.c(Se—p) We do not need to set any arbitrary thresholds
to determine if an edge should be added between two regions.
This also ensures that the resultant association graph generated
is a maximal weight graph. An example is shown in Fig. 4.

C. Resolving Conflicts

When the edges are added to the association graph as de-
scribed above, we might possibly get a graph of the form shown
in Fig. 5. In this case, Py can be associated with Cy or C, or
both Cy and C; (similarly, for P;). To be able to use this graph
for tracking we need to choose one assignment from among
these. We enforce the following constraint on the association
graph—in every connected component of the graph only one
vertex may have degree greater than 1. A graph that meets this
constraint is considered a conflict-free graph. A connected com-
ponent that does not meet this constraint is considered a con-
flict component. We need to remove edges from a conflict com-
ponent so that it becomes conflict free. 2™ different conflict
free components can be generated from a conflict component
having n vertices. One possibility is to generate each of the 2™
connected components and select the one with the maximum
weight. This is the method used in [10]. However, this can be
computationally quite expensive. We use a different method for
resolving conflicts. For each conflict component we add edges
in increasing order of weight if and only if adding the edge does
not violate the constraint mentioned above. If adding an edge
E;; will violate the constraint, we simply ignore the edge and
select the next one. The resulting graph may be suboptimal (in
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Fig. 6. Camera calibration tool.

terms of weight), however, this does not have an unduly large
effect on the tracking and is good enough in most cases.

VI. RECOVERY OF VEHICLE PARAMETERS

To be able to detect and classify vehicles, the location,
length, width and velocity of the regions (which are vehicle
fragments) needs to be recovered from the image. Knowledge
of camera calibration parameters is necessary in estimating
these attributes. Accurate calibration can therefore significantly
impact the computation of vehicle velocities and classification.
Calibration parameters are usually difficult to obtain from the
scene as they are rarely measured when the camera is installed.
Moreover, since the cameras are installed approximately 20-30
feet above the ground, it is usually difficult to measure certain
quantities such as pan and tilt that can help in computing
the calibration parameters. Therefore, it becomes difficult
to calibrate after the camera has been installed. One way to
compute the camera parameters is to use known facts about the
scene. For example, we know that the road, for the most part,
is restricted to a plane. We also know that the lane markings
are parallel and lengths of markings as well as distances
between those markings are precisely specified. Once the
camera parameters are computed, any point on the image can
be back-projected onto the road. Therefore, we have a way of
finding the distance between any two points on the road by
knowing their image locations.

We have developed a camera calibration tool specifically for
the kind of traffic scenes that we are frequently asked to ana-
lyze. This interactive tool has a user interface that allows the
user to point to some locations on the image (e.g., the endpoints
of a lane divider line whose length is known). The system can
then compute the calibration parameters automatically. The pro-
posed system is easy to use and intuitive to operate, using ob-
vious landmarks, such as lane markings, and familiar tools, such
as a line-drawing tool. The graphical user interface (GUI) al-
lows the user to first open an image of the scene. The user is
then able to draw different lines and optionally assign lengths
to those lines. The user may first draw lines that represent lane
separation (solid line, Fig. 6). They may then draw lines to des-
ignate the width of the lanes (dashed line, Fig. 6). The user may
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(a)

(b)

Fig. 7. (a) Previous regions 5 and 10 merge to form current region 14. (b) Final outcome where all these regions merge to create vehicle 4.

also designate known lengths in conjunction with the lane sep-
aration marks. An additional feature of the interface is that it
allows the user to define traffic lanes in the video, and also the
direction of traffic in these lanes. Also, special hot spots can
be indicated on the image, such as the location where we want
to compute vehicles’ speeds. The actual computation of camera
calibration from the information given by the GUI is fully out-
lined in [12]. This GUI proved to be much more intuitive than
the methods we previously used. The only real difficulty arose
with respect to accuracy in determining distances in the direc-
tion of the road. Some of these inaccuracies arise because the
markings on the road themselves are not precise. Another part of
the inaccuracy depends on the user’s ability to mark endpoints in
the image. In general, however, in spite of the inaccuracies dis-
covered, this method of calibration proved to be much quicker
than those previously used, more accurate, and more adaptable
to generic scenes.

VII. VEHICLE IDENTIFICATION

A vehicle is made up of (possibly multiple) regions. The ve-
hicle identification stage groups regions together to form vehi-
cles. New regions that do not belong to any vehicle are con-
sidered orphan regions. A vehicle is modeled as a rectangular
patch whose dimensions depend on the dimensions of its con-
stituent regions. Thresholds are set for the minimum and max-
imum sizes of vehicles based on typical dimensions of vehicles.
A new vehicle is created when an orphan region of sufficient
size is tracked over a sequence of a number of frames (three in
our case).

VIII. VEHICLE TRACKING

Our vehicle model is based on the assumption that the scene
has a flat ground. A vehicle is modeled as a rectangular patch
whose dimensions depend on its location in the image. The di-
mensions are equal to the projection of the vehicle at the corre-
sponding location in the scene.

A vehicle consists of one or more regions, and a region might
be owned by zero or more vehicles. The region tracking stage
produces a conflict-free association graph that describes the re-
lations between regions from the previous frame and regions
from the current frame. The vehicle tracking stage updates the

location, velocity and dimensions of each vehicle based on this
association graph. The location and dimensions of a vehicle are
computed as the bounding box of all its constituent blobs. The
velocity is computed as the weighted average of the velocities
of its constituent blobs. The weight for a region P; € vehicle v
is calculated as

_AFNw)
wl——w.

A(P; Nv) is the area of overlap between vehicle v and region
P.. The vehicle’s velocity is used to predict its location in the
next frame.

A region can be in one of five possible states. The vehicle
tracker performs different actions depending on the state of each
region that is owned by a vehicle. The states and corresponding
actions performed by the tracker are:

1) Update: a previous region P; matches exactly one current
region Cj. The tracker simply updates the ownership re-
lation so that the vehicle v that owned P; now owns Cj;

2) Merge: regions P;. .. P, merge into a single region Cj.
The area of overlap between each vehicle assigned to
P; ... Py is computed with Cj, if the overlap is above a
minimum threshold, Cj is assigned to that vehicle;

3) Split: region P; splits into regions Cj ...C}. Again the
area of overlap between each vehicle v € P; is computed
with C; ... Cy. If it is greater than a minimum value, the
region is assigned to v;

4) Disappear: a region P; € P is not matched by any C; €
C. Theregion is simply removed from all the vehicles that
owned it. If a vehicle loses all its regions, it becomes a
phantom vehicle. Sometimes a vehicle may become tem-
porarily occluded and then later reappear. Phantoms pre-
vent such a nonoccluded vehicle from being considered a
new vehicle. A phantom is kept around for a few frames
(3), and if it cannot be resurrected within this time, it is
removed;

5) Appear: aregion C; € C does not match any P; € P. We
check C; with the phantom vehicles. If a phantom vehicle
overlaps new region(s) of sufficient area, it is resurrected.
If the region does not belong to a phantom vehicle and is
of sufficient size, a new vehicle is created.

(N
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(a)

Fig. 8.

IX. CLASSIFICATION

To be useful, a vehicle classification system should categorize
vehicles into a sufficiently large number of classes. However as
the number of categories increases, the processing time required
to do the classification also increases. Therefore, a hierarchical
classification method is needed which can quickly categorize
vehicles at a coarse granularity. Then depending on the applica-
tion, further classification at the desired level of granularity can
be done.

We use vehicle dimensions to classify vehicles into two cat-
egories: cars (which constitute the majority of vehicles) and
noncars (vans, SUVs, pickup trucks, tractor-trailers, semis and
buses). Separating, say SUVs from pickup trucks would require
the use of more sophisticated, shape-based techniques. How-
ever, doing a coarse, dimension-based classification at the top-
level significantly reduces the amount of work that needs to be
done at a lower level. The final goal of our system is to be able
to do a vehicle classification at multiple levels of granularity
but currently, we classify vehicles into the aforementioned cat-
egories (based on the needs of the funding agency).

Since classification is done based on the dimensions of ve-
hicles, we compute the actual length and height (Section VI)
of the vehicles. Due to the camera orientation, the computed
height is actually a combination of the vehicle’s width and
height. It is not possible to separate the two using merely
vehicle boundaries in the image and camera parameters. The
category of a vehicle is determined from its length and this
combined value. We took a sample of 50 cars and 50 trucks
and calculated the mean and variance of these samples. We
used the combined width/height value for the vehicle height
computed using the camera calibration parameters. From these
samples, we were able to compute a discriminant function that
can be used to classify vehicles.

The average dimensions of a truck are only slightly larger
than the dimensions of the average car. In some cases, cars may
actually be longer and wider than trucks (i.e., a Cadillac versus
a small pickup). This ambiguity allows some error to enter the
system when we define a decision boundary.

®

(a) Previous region 1 splits into current regions 3 and 4. (b) The tracker correctly associates both the new regions with the same vehicle.

X. RESULTS

The system was implemented on a dual Pentium 400 MHz PC
equipped with a C80 Matrox Genesis vision board. We tested
the system on image sequences of highway scenes. The system
is able to track and classify most vehicles successfully. In a 20
minute sequence of freeway traffic, 90% of the vehicles were
correctly detected and tracked. Of these correctly tracked ve-
hicles, 70% of the vehicles were correctly classified. The pro-
cessing was done at a frame rate of 15 frames/s. Figs. 7-9 show
some results of our system. With more optimized algorithms, the
processing time per frame could be reduced significantly. Errors
in detection were most frequently due to occlusions and/or poor
segmentation. Because of imperfections in updating the back-
ground, noise can be added or subtracted from the detected ve-
hicles. At times, the noise is sufficient enough to cause the de-
tected object to become too large or too small to be considered a
vehicle. Also, when multiple vehicles occlude each other, they
are often detected as a single vehicle. However, if the vehicles
later move apart, the tracker is robust enough to correctly iden-
tify them as separate vehicles. Unfortunately, the two vehicles
will continue to persist as a single vehicle if the relative motion
between them is small. In such a case, the count of vehicles is
incorrect. Another thing to note is that the images we used are
grayscale. Since our segmentation approach is intensity based,
vehicles whose intensity is similar to the road surface are some-
times missed, or detected as fragments that are too small to be
reliably separated from noise. This too will cause an incorrect
vehicle count. Classification errors were mostly due to the small
separation between vehicle classes. Because we only used size
as our metric, it is impossible to correctly classify all vehicles.
To further improve our performance in classification rates, we
would need to investigate additional cues.

Although our data consisted of traffic moving in only one di-
rection, the tracking algorithm is general enough to work with
multiple traffic directions. Also, our data was acquired on an
overcast day thus removing the problem of shadows. As de-
scribed, our system does not handle shadows although prelimi-
nary investigations into shadow handling have been positive. We
intend to further test the system on more complex scenes and
under a wider variety of illumination and weather conditions.
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Fig. 9.

Snapshots of different car/truck classification results. Cars are shown surrounded by their bounding box; noncars are marked by drawing the diagonals of

the bounding box. Notice how in (g), the two vehicles were grouped and considered a truck because of large combined size. In (h), the car was misclassified as a

truck due to large size.

We are also currently exploring various techniques to deal with
the problems mentioned above.

XI. CONCLUSIONS AND FUTURE WORK

We have presented a model-based vehicle tracking and clas-
sification system capable of working robustly under most cir-
cumstances. The system is general enough to be capable of de-
tecting, tracking and classifying vehicles while requiring only
minimal scene-specific knowledge. In addition to the vehicle
category, the system provides location and velocity information
for each vehicle as long as it is visible. Initial experimental re-
sults from highway scenes were presented.

To enable classification into a larger number of categories, we
intend to use a nonrigid model-based approach to classify vehi-
cles. Parameterized 3-D models of exemplars of each category
will be used. Given the camera calibration a 2-D projection of
the model will be formed from this viewpoint. This projection
will be compared with the vehicles in the image to determine
the class of the vehicle.
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