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(57) ABSTRACT
A modular virtual visor system is for a vehicle disclosed.
The modular virtual visor system includes camera for detect-
ing an llhuuumlilou level on d ldcc of il drivel"i 6 pluldhiv ol
LCD panel modules mounted within tlm veluclc, and 4

controller. Each LCD panel module hm LCD pixels conlig-
ured to, (i) in an opaque state, block hght front passing
through the 1.('D screen and. (ii) in a transparent state, allolv
light to pass tlu ough the LCD panel module. The controller
is configured to selectively operate each of the L('D pixels
of each LCD panel module in either the opaque state or the
transparmlt state so as to block lngh ultensity bght sources
lronl shnung on thc fdcl: of lhc drlviu.
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1

VEHICLE MOUNTED VIRTUAL VISOR
SYSTEM HAVING A MODULAR LIQUID

CRYSTAL DISPLAY

line application claims thc benelil of pnouly of U.S.
pmvisional application Ser. No (12/5(11,921. filed on Sep.
22. 2017 the disclosure of which is herein incorporated by
ICftxC11Ct: Ill lm Ciltlrt:I)'IELD

lite dcvicc and method dwclosed ul llus document relalcs
10 dllll-glillt: Syslt:ulS Blltl. Blorc pttlslCBIBIIV, 10 VChlCIC

mounted virtual visor system havuig a modular hquid crystal
display 1

BACKG ROI IND

I.fnless othetwtse indicated herein. the materials descubed
in this section are not prior art to the claims in this appli- lo
cation and are not admitted to the prior art by inclusion in
this section.

When driving an automotive vehicle in the momin s and
cvenuigs. a common problem is lllal lhc sun slnncs lluuugh
the windsiucld and disrupts the view of lhc drn sr, making
it challen in to clearly see the road and other vehicles A
conventional solution to this problem is to include manually
deployable visors mounted adjacent to the windshield of the
vehicle. The visor can be flipped, rotated. or otherwise
repositioned to cover a portion of the windshield in an efi'ort io

to block thc sun. However, in thc deploycxf posiuon, the
Visor often fmls lo actually prevent lhe sun from thsruplulg
the vietv of the driver Additionally, even when the deployed
visor does block the sun, the visor itself is disruptive the
vietv of the driver, often blockmg the view of high mounted is
road signs and stop li hts. In order to overcome these issues,
the driver often must reposition his or her head so that the
1 isor blocks thc sun, while uol overly disrupung thc rest of
his 01 hcr vlt:w. Wllal ls lit:ctlctl ls a vlstlr svslt:ui whlcll
reliably blocks high intensity light sources, such as the sun, do

while mininlizing the disniption to the rest Of the view of
driver through the tvindshield

SUMMARY

A modular a visor system for a vehicle is disclosed. 'I he
modular visor system comprises a plurality of liquid crystal
dispLay (LCD) panel modules mounted within the vehicle.
Each LCD panel module comprises a first plurality of LCD
pixels arranged in a gud formation, each LCD pixel con- B

Iigurcd lo. (i) in an opaque slate. block hghl from passing
through a corresponding area of the respective I ('D panel
nlodule and, (il) in a transparent state. allov light to pass
tlu ough the corresponding area of the respective LCD panel
module: a bezel configured to surround and secure the first ss
plurality of LCD pixels ui thc grid fornuttion. mltl a first

plurality of connections operably coiuicc led lo firsl plurality
of LCD pixels, thc first plurahly of LCD pixels being
confi ured to be selectively operated in the opaque state and
the transparent state depending on control signals received tt!

via the first plurality of connections from a conunon con-
troller.

A modular visor systmu Rir a velucle is disclosed. The
llxitluldr visor svstt:ill colllplBcs B scllsor collfigulcd 10

tlCltx'I Bll Ilhlluhlallou ICvt:I Of ill ICBSI ouc IOCafiou W llhlll lllC Ss

vehicle; a plurality of liquid crystal display (I,CD) panel
nlodules mounted within the vehicle, each I,('D panel mod-

ulc having a plurality of'CD pixels arranged in a grid
formation. each L('D pixel configured to, (i) in an opaque
state, block light Ibom passing Quough a corresponding arcs
of the respective I,CI ) panel module and, (ii) in a transparent
state, allow light to pass lluough thc corresponding arcs of
the respective I CD panel module: and a contmller operably
connected to the sensor and the plurality of LCD panel
modules, the controller configured to (i) receive a sensor
signal from the sensor, (ii) determine the illumination level
of the at least onc location based ou thc smisor signal. and
(iii) selectit sly operate each pixel of the plumshty of I CD
pixels of each of'hc plurality of LCD panel modules in thc
opaque state and the transparent state depending on the
illumination level of Ihc at least onc location within the
vehicle.

A modular a visor system for a site is disclosed. The
nxidular visor system comprises a plurality of shutter panel
modules mounted at a site. Each shutter panel module
composes a plurality of'luittcr pixels arranged ul a grid
formation. each shutter pixel configured to, (i) in an opaque
state, block light Ibom passing Quough a corresponding arcs
of the respective slnitter panel module and, (ii) in a trans-
parmil stale, allow light lo pass tllrough thc corrcspontlulg
area of the respective shutter panel module: and a plunslity
of conntmtions operably coiuuxled to plurality of shuuer
pixels, thc plurality of slualcr pixels being conligurtxl lo be
selectively operated ui thc opaque state aud thc transparent
state depending on control signals received via the plunslity
of connections from a common contmller

BRIEF DESCRIPTION OF THE DRAWINGS

I'he foregoing aspects mid other features of the visor
system are explained in the following description, taken in
connection with the accompanyin drav in s.

FICi I is a side view, with certain portions removed orcut
dwit)', of B portion of a tlrlvt:1 colupBrtlllt:ill of d vt:hlclc
showing an cxcmplnry cmbodinu:nt of' veluclc mounted
virtual visor system;

lii(iS. 2A and 2I3 are simplihed block diagrams shotving,
exenlplary I,CI ) panel modules which may form at least part
of the LCD screen of the virtual visor system:

FICi. 5 shov, s one embodiment of the LCD screen which
is fonucd by a row of Ibur tiisvrclc LCD pmiel modules,

FICi 4 shows onc mubotiimcnt of an LCD panel module
that has an information section,

I f(i 5 illustrates one emboduuent of the virtual visor
system in which the I.('D screen comprises and nxm array
of discrete LCD panel modules,

FICiS. 6A and 6B show exempLary front view s of a driver
taken by lhc camera: and

FICiS. 7A-7C dlustrale the proltxuou of illumination
patterns onto the face of the driver.

DETAILED DESCRIPTION

For lhc purposes of promoting an undcrsttmduig of'hc
principles of the disclosure. reference will now be made to
the embodiments illustrated in the drawings and described in
the follov,in vvritten specification. It is understood that no
limitation to the scope of the disclosure is thereby intended.
It is liirthcr understood that the prcscn«hsclosurc includes
any alterations aud modifications to thc illustrated embodi-
meuls and includes Ihrthcr applicalious of'hc punciplcs of
the disclosure as would nomlally occur to one skilled in the
art which this disclosure pertains.
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With rcli:rmice to FI(L 1, mi cxcmplary mnbodimcnl of a
vehicle mounted virtual visor system 20 is described. Par-
ticularly. I'l(i. I shows a partial view of a cabin 17 and
windshield 19 of a vehicle 18 in which the virtual visor
system 20 is installed. The vehicle 18 may be a passenger
vehicle, a commercial vehicle. an olf-highway veiucle. a
recreational veluclc, or any other suitable vclnclc The
iirtual visor system 20 at least includes a liquid crystal
display fl ('Dj screen 12. which is mounted. attached or
otherwise integrated with the vehicle IS so as to cover ia
andior obstnict a portion of the windshield 19 or other
ivindow of the velficle 18. The virtual visor system 20 is
configured to detect changes in an illumination level within
lite ctibiii 17 of lite vcliiclc 18. Tlic virtual visor svsu:iii 20
is contigurcd to mitomatically adlusl an opucal property of I

one or niore pixels of the I.('D screen 12 so as to prevent
big)i intensity light sources from disnipting the view of a
driver 16 or other passenger residing, in the cabin 17. In tlus
way, the virtual visor system 20 improves the safety of the
vehicle by minimizin disnlption of the view of the driver. Io
Il will be apprcciatcd howcvcr. Ihal thc virtual visor system
may also bc used in sctungs other thtm a vehicle, such as a
room of a building fe 8 . an office environinentj

In at least some enibodunents. the I,('I) screen 12 is
niounted or othenvise attached to a surface ivithin the cabin
17 of the veificle 18. in the field of view of the driver 16 or
other passen er Particularly, in some embodimems, the
LCD screen 12 is mounted lo thc vchiclc 18 so as to bc in
Ihe lute of sight of Ihc dover 16 silting in lhe dnvcr's seal
and looking, through the windshield 19 Iior example, in the so

case of a left hand drive vehicle. the I ('I) screen 12 may be
mounted to the roof ad)scent to the windshield 19 so as to
cover and/or obstnict at least a portion of an upper-left (as
viewed front within the cabin 17) region of the windshield
19. Conversely. in thc case ol'a nghl-hand dove vclncle. the is
LCD screws 12 may bc mounted lo thc rool'adjaccnl lo Ihe
w indshicld 19 so as to cover aixl/or obstruct al least a portion
of an upper-right (as viewed from within the cabin 17)
region of the windshield 19 The I.('I) screen 12 may be
proportioned, mounted and armnged to cover and/or do

obstruct any region or regions of the windshield 19. as well
ds regions ol'ther wuidows of thc velucle 18. As furtlier
examples, lhc LCD scrcmi 12 may be mounted to any of thc
pfilars ol tlu: vcluclc 18 adlaccnt to Ihc wuidslncld 19 or
other window, mounted to the dash, or mounted directly to
the windshield 19 other window itself in order to cover
difi'erent regions of the windshield 19 or other windows of
the vehicle 18. In some embodiments. the I CD screen 12
may by huigedly or pivotally mounled to dn inlerior surface
ol Ilic i cliiclc 18 Bitch that ils oitciilalioii cBii bc itiaiiiially o

adluslcd. Allemauvcly, in some embodiments, lhc LCD
screen 12 is mtegrated within the glass of wint(shield 19 or
other window of the vehicle

The virtual visor system 20 further includes an illnmina-
tion sensor. such as a camera 14. The camem 14 or other s.
illunnndlion sensor is conligurcd lo dclccl an illununation
les el of dt least onc location of intcrcst witlnn die cabin 17
of lhc vcluclc 18. Parucularly, ui al least onc cmbodunent,
the camem 14 is iltouilted in the vehicle IS at a location
which has a clear view of the face of the driver 16 so as to io
detect an illumination level on the face of the driver 16 In
one embodiment, the camem 14 is mounted to or othetwise
intcgrd lcd with the Icfi or nght "A** pillar oi'hc vehicle 18.
In another cmboduncnt, thc camcm 14 is mounlcd lo or
othcrwisc integrated with the dash or stccnng wheal In a ss
further enibodintent, the camera 14 is mounted to the interior
side of the roof of the vehicle 18, adjacent to the top of the

windshmld 19. Thc camera 14 is conligured to continuously
or penodically capture ima es of the face of the driver 16
and output the captured imaae frmnes

'I'he virtual visor system 20 further includes a controller
10„which is operably connected to the LCD screen 12 and
to the camera 14 or other illuniination sensor. The controller
10 gcncrally composes al least onc processor and al least
otic dssocialcd iticitiorv'tii iiig progrBiii iiislruclioiis stoics!
thereon, ivhich are executed by the at least one processor to
achieve the described ftuictionalities It will be recognized
by those of ordinary skill in the art that a "contmller" or
"processor" includes any hardware system, hardware
mechaiusm or hardware component that processes data,
signals, or other information. Tlic controller 10 may include
a system with a cenual processing unit, muluple processuig
units, or dedicated circuitry tiir achieving specific function-
ality

'I'he I,(.'I) screen 12 has a plurahty of independently
operable LCD pixels and/or LCD shutters arran ed in a grid
formation. Each pixel is configured to be selectively oper-
ated by thc controller 10 in one of at least lwo opucal states.
/Ij an opaque stale. in wluch the rcspimlive pixel blocks
light from passing through a respective area of the I.('I)
screen 12 and (2) a transparent state, in which the respective
pixel allows light to pass thmuah the respective area of the
LCD screen 1Z. It will be appreciated. hov ever, that any
number of intermediate optical states may also be possible.
Furthcmiorc, thc opaque slate and thc transparent stale do
not ncccssanly indicate d 100% opaque characlcnsuc and a
100% transparent characteristic, respectively. Instead, the
opaque state is siniply one which blocks more light from
passing tlirough the respective area thaii does the transparent
state. It will be appreciated that the LCD screen 12 may
instead utilize technolovv other the LCD pixels and a shutter
scrccii itidv utilize diiv lvpc of pdiicl litiviiig sliinlcr pixels
liiiil drc clcctilcallv, itiagiiclicallv, arid/oi'iiccliaiiictillv cilii-
trollablc lo adjust an opiicdl transparency thcrcof.

I'he controller 10 is confiaured to receive a sensor signai
from the illuinination sensor. More particularly. in at least
one embodiment. the controller 10 is configured to receive
ima e frames from the caniera 14. Based on the sensor
signal amh'or the image frmncs. thc controller 10 is coniig-
urcd lo determine lhc illununalion level of at least onc
location with within the cabin 17 of the vchiclc, particularly.
the illumination level on the face of the dnver 16. I)epend-
ing on the determined illnniination level. the contmller 10 is
configured to selectively operate each pixel of the I CD
screen 1Z in either the opaque state or the transparent state
/or a schmtcd inlermcdidlc opucal state).

In at least onc cmbodimcnt, lhc controller 10 is operably
connimtcd to onc or more row/column dnvcr circuim /nol
shown), via which the contmller 10 controls the optical state
of each individual pixel of the I,('I) screen 12 The row/
colunui driver circuits may comprise any suitable arrange-
ment of multipiexers, transistors. amplifiers, capacitors, etc.
configured to control the opucal state of each individual
pixel of thc LCD screws 12 in rcsponsc to control signals
provided by Ihc controller 10. In some cmboduncnls, por-
tions of the roiv/column driver circuits ntay be integrated
v ith the I,(.'I) screen 12 mid the pixels thereof. In soine
embodiments. portions of the row/colunm driver circuits
may be integrated with the controller 10.

FICi 2 shows an LCD panel module 112 winch, ui one
embodiment, I'orms at least part of tlm LCD screen 12. The
LCD panel module 112 comprises an array of pixels 114
arranged in a grid formation. Particularly, in the enibodiment
shown, the I,('I) panel module 112 composes thirty-two
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pixels 114 (S1-S32) arranged ui four col umiw and eight rows
(i e, a 4xg grid forniation) I lowever. it will be appreciated
that the I.('D panel module 112 may include any number of
pixels arranced in any suitable number of nlws and colunins.
Additionally. the pixels can be arranged in non-rectangu)ar
and/or irregular formations having pixels of various shapes
and sizes. In at least onc embodiment, thc LCD panel
module 112 includes a bezel 160 conligurcd to surround
and/or contain the array ofpixels 114 (SI-S32) and to secure
andior hold armly of Pixels 114 (SI-S32) together. It will be Ic

appreciated that the I ('D panel module 112 may instead
utilize teclmolo y other the I CD pixels and a shntter panel
module may utilize any type of panel having shutter pixels
that drc clectucdlly, magneucally. aniVor mechmiically con-
Irollablc io adlust an optmdl transparency thereoli

'Hie I ('I) panel module 112 includes one or more inter-
faces comprised of hnks or connections 162 contigured to
connect the controller IU and/or the nlw/column dnver
circuits to the individual pixels 114 (SI-S32). The controller
10 and/or the rov /colunm diner circuits are configured to Ic
provide Bppropnatcxt voltages, currents, dani, aniVor other
signals to thc LCD panel module 112 via thc connections
16Z to operate the pixels 114 (SI-S32) and control the
optical stares thereof (i e, control whether each pixel is in
the opaque state or the transparent state, discussed above). In
some embodiments. certain data or other signals are tmns-
mitted back to the controller 10 from the pixels 114 (SI-S32)
ltd tllC COIIIICCtlollS 162.

In thc cmbodnueut of FIG. 2A, the connections 162 arc
arranged at the top portion of the bezel 160. but such lo
connections 162 may be arranged on the I,C'D panel module
I IZ in any manner Particularly, Iil(i. 2i3 slmws an alterna-
tive embodiment in which the LCD panel module 112
comprises sixteen pixels 114 (SI-S16) arranged in tv o
colunuls and eight rows (I.c., a 2xg grxl formation). In tlus Ii
cmbodimcnt, of FIG. 2B, connccuons 162A are arranged at
thc top poruon of thc bczcl 160 and coiuicctions 162B are
arranged at the button) portion of the bezel 160 The
connections 162A may, for example, carry control signals
for the half of the pixels 114 (e.g., SI-Sg) and the connec- dc

tiom 162B may. for example. carry control signals for the
other half of the pixels 114 (e.g.. SU-S16).

II'csircd, a wider or a larger LCD scrimn 12 may bc
foruuxl in a modular minuter using d plurahty of discrete
I ('I) panel modules 112, each having an array ofpixels 114,
a correspondin bezel 160 that contains the pixels. and
corresponding connections 162. Particularly. FI(i. 3 shows
one embodiment of the LCD ~creen 12 which is fomted by
a row of four dmcrctc LCD pimcl modules 112A-D, each
having mt array ofpixels 114. a corresponduig bezel 160 (liat c

contains the pixels, Bnd corrcspondulg coiulcctions 162.
I iach I ('I) panel module 112A-D is operably connected to
tile couilruill colitrollcl'0 via tile I'cspcctivc connL'ctioiis
162. In the illustrated embodiment. at least some of the
discrete LCD panel modules 112A-D are physically con- s.
nimtcd to one another vui thc rcspeciive bczcls 160 and/or
physically abut oue another. However, m some embodi-
ments. the LCD scrccn 12 may be comprised by discrete
I ('I) panel niodules 112 which are spaced apart from one
another v ithin the vehicle 10 and attached to the vehicle at io
any arbitrary locations. In one embodiment, each LCD panel
module 112 is individually driven with a predetermined
ioltagc iiiid/or voltage railgc, SUch as d voitBgc bcIwccil 0
and 5 Molis

FIG. 4 shows onc embodiment of an LCD pmicl module si
112 that has an informatiim section 204 Particularly. in
some embodiments. in addition to operating to prevent high

intensity light sources from disrupuug thc view ol'B dnvcr
16. one or more of the LCD panel modules 112 may be
conftgurcxl to display uiformation via an uilounauon ace(ion
2U4 The infomiation section 204 has a plurality of inde-
pcndcntly opcrablc LCD pixels 214 arranged ui a grid
formation, v;hich are essentially similar to the pixels 114 of
the LCD panel modules 112 and are similarly contained by
the bezel 160 Much like the pixels 114. in at least one
embodiment. each pixel 214 is configured to be selectively
opera(cd by thc controller 10 ul onc of Bt least two optical
states (I) an opaque state. in wifich the respective pixel
blocks hght Ibom passuig tluough a respixuvc Brea of thc
I CD screen 1Z and (2) a transparent state, in which the
rcspcctivc pixel allows lift( to pass tluough thc rcspimtive
area of the I CD screen 12 I Iowever, in some embodiments,
the pixels Z14 may operate difierently and may have a
variety of semi-transparent optical states and/or colored
optical states. In at least one embodiment, the pixels 214 are
smaller than the pixels 114 and thc uil'ounation section 204
has a greater pixel density than that of the rest OI the LCD
panel module 112.

'I'he contmller I U is configured to operate the pixels 214
of thc Infomuition scciion 204 to display infounation to thc
driver 16 In one embodiment, the illustrated I.( D panel
module 112 having thc inihnnation simtion 204 may rcplacc,
for example, the leftmost I,('D panel module 112A of the
embodiment of FICI. 3. In the illustrated embodiment, the
information section 2()4 displays a driving speed (e.g, y50
MPH"). a driving direction (e, "NW/W'*). and navigation
infiirmation (c.g., Turn Right, 200 fi) Thc LC'D panel
module IIZ of the illustrated embodiment has additional
conniutions 262 I ia winch the controller 10 provides control
signals to operate the pixels 214 of the information section
204 to display infonnauon to tlu: dnvcr 16. In one embodi-
ment, the controller ltl is configured to receive the inthr-
mation via signals from an in-car navigation system, an
in-car infotainment svstein, a trip computer, an speedometer,
a compass. and/or any other appmpriate device that senses
or otherwise has access to mformation that is to bc displaycxl
in the information section 204.

FICi 5 illustrates onc cmbodunmit of thc visor system 20
iu wluch thc LCD scrccn 12 composes and nxm array of
individual I,('I) panel modules 112. each having p pixels In
the illustrated embodiment. the visor system 2(l includes n
multiplexers 316. Ivhich route control signals from the
controller 10 to each of the individual LCD panel modules
112, via thc conncxttons 162. Thc multiplcxcrs 316 can be
cotlsldCI LVI pdi 3 Ol tile row /Colllillil ililvCI circUIB disCUSSLx!

above Each of the multiplcxcrs 316 Is associated with d

respective column I, 2, n of the nxm array of I.('D panel
nxldules I IZ and routes contml signals from the controller
10 to the m LCD panel modules 112 In the respective
colunut. For example, a I" multiplexer 316 is con(i ured to
route input signals to thc I" colunui of m LCD panel
modules 112. In partimilar, thc I v multiplexcr 316 routes
inputs (1,1.1) tluough (1,1,p) to tlu: LCD pmicl module 112
at the position (1,1) and likewise with respect to each other
I.CI) panel module I IZ in Ihe I" colunui With respect to the
input s)gna)s (x.y,z) shown in FICi 5. the first and second
indices x and y identify the column and row position of the
rcspcctivc LCD panel module 112 and the tlurd uldcx z
ideutilics with particular pixel of the rcspectivc LCD panel
module 112. It will bc apprcciatcd that thc dcscrtbcxl
embodinient is merely exemplary and that a variety of
different multiplexing, schenies and/or row/colunm driving
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circuits can bc used to route control stgttals lrom thc
controller 10 to the appmpriate respective LCD panel mod-
ule 112.

l(eturnina to It l(i. I, as discussed above. alxive the cantens
14 is coniigured to capture uuages Ol'he cabut 17 Or. morc
particularly. the face of the driver 16. 1he image frames
captured by the camem 14 are provided to the controller 10.
'I'he contmller 10 is configured to process the image frames
to determine an illumination level of at least one location of

I itintcrcst witlun thc cabin 17 of the vcluclc 18. Particularly, tn
at least one embodiment. the controller 10 is configured to
process Ihc image I'ramcs to dctcrnune an illuminaIion lcvcl
on a face of the driver 16 or, more particularly, on the eyes
Ol Illl: ilrlVCI'6.

In some embodiments. the controller 10 is configured to
process the image fmmes to determine vvhich regions of the
image frame correspond to the face of the driver 16 and
which regions of the unage frame correspond to the eyes of
Ihc driver; which dcpclld otl tile partlctllBr ltica11011 Blld pose 333

of the face. FICIS. 6A and 6B show exemplary inmges
caplurtxi by Ihc cmnera 14 of thc dnvcr 16 01'Ihc vehmlc 18.
Re iona 404 are identified by the contniller 10 as corre-
sponding to the face of the driver 16. Similarly, regions 408
are identified by the controller 10 as corresponding to the
face of the driver 16. In further embodiments. the controller
10 is configured to determine a location of the face of the
dni cr 16 wttlnn thc cabin 17 and a pose/Oncnuttton of thc
face Ol'hc dnver 16. Tlm controller 10 ts conligurcd to
deterntine an illumination level on the face anrgor the eyes Io
of the driver 16 based on the pixels of the image frame
correspondin to the face and/Or the eyes of the driver 16 In
one etnbodiment. the illumination level is calculated as an
average brightness value of the pixels of the ims e frame
corresponding to Ihc I'acc aud/or thc cycs 01'hc dnvcr 16. 31

In some mubodiments. thc controller 10 is conligured to
detcrmute a baseline tllunuuation lcvcl of Ihe a1 least Oue
location of interest within the cabin 17 Particularly. in at
least one embodiment. the controller 10 is configured to
determine a baseline illumination level on the face of the do

driver 16 or. more particularly, detemtine a baseline illunu-
natton lei cl on the cycs of thc dnvcr 16. The controller 10
is conligurcd to dctenninc a change in thc illummation lcvcl
b)'0111patlllg tllC 111111111111111011 ICVCl ill CBCh llllttgC fl'BlllC

with the determined baselme illumination level, in order to
deterntine ivhether each pixel of the I,( D screen 12 is to be
operated in the opaque state or the transparent state. It will
be appreciated that the baseline ilhunination level and the
detixtcd changes will vary depending on char mtcnstms of
thc dover 16, such as skin color, eye color, Ibcial hair, facial 0

li:aturcs. and so forth. as well as vvhat Ihe drner 16 is
wearin, such as, sun glasses, eye glasses, hats, scarfs, or
other light obstmcting items Additionally, it will be appre-
ciated that the detected chan es in the illumination level
may be a result of a chan in in the lighting environment or s.
d chmtgc in opucal state ol one or more of Ihe pixels Of thc
LCD screen 12.

lite conuollcr 10 is conligurcd Io operate at least Onc
pixel of the I ('I) screen 12 in the opaque state in response
to the illumination level and/or the change in the illunnna- ii!

tion level of the at least one location of interest within the
cabin 17 exceeding a predetemtined threshold. In at least
one cmbodimcnt, Ihc controller 10 is configured Io operate
at least onc pixel of thc LCD screen 12 ui thc opaque state
in response to Ihc illuminatiou level atttt'or the change ut the si
illumination level on the face of the driver 16 exceeding the
predetermined threshold or, more particularly. in response to

tllC lllullltlldlioli ICVCl tllld/Or Illc Clldllgc tll tilC lllulIltlldtioll
level on the eyes of the driver 16 exceedmg the predeter-
nuned threshold

'I'he controller 10 is configured to select the at least one
pixel of the LCD screen 12 to be operated in the opaque state
so as to block li ht shining on the at least one location of
iutcrcst vvttlun the cabin 17. Particularly, ut at least one
embodiment, the controller 10 is conligured to sclcct at least
one pixel of the I,('I) screen 12 to be operated in the opaque
state so as to block light shining on the face of the driver, or
nxire particularly, on the eyes of the driver 16 In this vvay,
the controller 10 is configured to operate the pixels of the
LCD screen 12 to reduce the illumination level at the at least
ouc location ol'uttcrest within the cabin 17, such as thc face
and/or thc cycs of Ihc driver 16. FILI 6B shows a shadow
412 cast on the eyes of the driver 16 by one or more pixels
of the I,CI) screen 12 being operated in the opaque state

In some embodiments, the controller 10 is configured to
select at least one pixel to be operated in the opaque state
based on a projection model that includes a mapping of the
plurahty of pixels to corresponding locauons On Ihe face of
the dnvcr 16. Particularly, Ihc controller 10 w conligurcd Io
store a mapping between each individual pixel of the I.('I)
screen 12 and a corresponding location in the cabin 17, or
nxire particularly. a corresponding location on the face of the
driver 16 at wlfich the respective pixel casts a shadow when
operated in the opaque mode. It will be appreciated that the
location at vvluch a pixel casts a shad033 when operated in
thc Opaque mode is dependent on thc liJtltng cnvironmcn1
and, in particular, a location of any high intensity light
sources, such as the sun, v hich shines through the ivind-
shield 19 onto the face of the dover 16 In one embodiment,
the controller 10 is configured to penodtcally and/or con-
tinuously update the mapping benveen each individual pixel
Of thc LCD scrccn 12 and the corresponding location on Ihe
fdcc of tile drtvct 16.

In some cmbodimmtts, thc controller 10 is conligured Io
update the inapping by operating a subset of pixels of the
I CD screen 12 in the opaque state to project an illumination
pattern onto the face of the driver 16. The controller 10 is
configured to process image frames received from the cam-
era 14 to detect thc illumination pancru on Ihe face of thc
dnvcr 16 and dctcrmtnc the mapputg of thc pixels to
corresponding loca nona On Ihc face ol Ihc dover 16 ba sexi On
the detected location of the illumination pattern on the face
of the driver 16 Fl(IS 7A-7('llustrate the proj ection of a
predetermined illumination pattern onto the face of the
driver 16. A high intensity light source 504 Is shines light
tluough Ihc LCD scrccn 12 onto Ihc Ibcc ol'thc dover 16. In
FILL 7A, all of Ihc pixels of the LCD screen 12 are Opcralcxi
iu the trmtsparcnt mode and. tlute, thc light from thc lugh
intensity light source 504 shines onto the face of the driver
16 In lti(i. 7B, the contmller 10 opemstes a predetermined
subset of the pixels of the LCD screen 12 in the opaque
mode to cast a shadow that fonna a predetermined ilhuni-
nat ton pat(em corrcspondutg Io the subset ofpixels Opcralcxi
iu the opaque mode (O.g., a cross pattern, as illustrated).
Based on thc locauon Ol'he dctccted illumination paucm On
the face of the driver 16, the controller 10 is configured to
update and/or determine the mapping between each indi-
vidual pixei of the LCD screen 12 and the correspondin
location on the face of the driver 16.

II vvill bc apprixintcd that thc subset ol'pixels operated in
tilC Opdqtlc tllodc Cail CtitrCspolxl 10 Btlv pBnctll, lllCludlllg
the pauem that is already being usixl to block the lugh
inteitsity light source 504 fmtn shiiting on the eyes of the
driver 16. Fl(i 7C shows the pixels of the I.( D screen 12
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operates) to cast two circular shadows on Io thc eyes of thc
driver, thereby blocking the high intensity light source 504
fmm shining on the eyes of the driver 16 'I'he controller 10
is conhgured update the mapping in real-time based on
movements of the nvo circular shadows on the face of the
driver 16. In this way. the projection of the shadow/illumi-
uanou pBucrn rind dcn:enon of Ihc shadov /llliiuuuBnou

pattern on the face of the driver vta Ihe camera fonu a
real-time feedback loop which is used to align the shadows
with the eyes of the driver 16. iil

In one embodiment. the controller 10 is configured to
periodically or continuously update the mapping between
each individual pixel of the LCD screen 12 and the corre-
spondulg loca uon on thc I'acc of Ihe dnver 16 based on other
methods. In onc cmbodunent, thc controller 10 ts configured
to update the mapping based on changes in the location and
pose of the face of the dnver 16, as detected by the controller
ll) based on the Inlage frames ln one embodiment. the
controller 10 is confi ured to update the mapping based on
changes in the direction of tmlvel of the vehicle 18 by Io
calculatulg a correspoudulg change ul rclauvc posiuon of
thc high uln:usu)'ght sotircc 504.

In sonic embodiments. the controller 10 is configured to
select pixels of the I.('D screen 12 to be operated in the
transparent or opaque state so as to achieve other purposes
aside from blocking high intensity light sources from shin-
ing on the face and/or eyes of the driver 16. For example, in
onc embodiment, thc controller 10 ts configured Io select at
least one pixel of thc LCD screen 12 Io be opemtcd in thc
opaque state so as to block light froin shining on an io
electronic device, such as a smart phone or in-car navma-
tioivintiltainment systenl. thereby improving the readability
of a screen of the electronic device. As another example. in
one embodiment, the contrnller 10 is confi ured to select at
least onc pixel of the LCD scrccn 12 to bc operated in the ls
trauspau:nt or opaqiic state so iis Io llliuuuratc B piiltlclilar
oh Ice( in an otherwise dark set tulg, such as lemng hght shine
on a book while a person is reading, ivhile the rest of the area
is shielded from the light source

Embodiments within the scope of the disclosure may also so
include non-tmlnsitory computer-readable storage media or
machine-readable medium I'or carryulg or having computcr-
cxecutable ulstructtons or data structures stored thcrcon.
Such non-transitory computer-readable stora e mcsfia or
machine-readable medium may be any available media that
can be accessed by a genenll purpose or special purpose
computer. By way of example. and not limitation. such
non-transitory computer-readable stora e media or
machine-readable medium can compnsc RAM. ROM,
EEPROM. CD-ROM or other optical disk stomge, magnetic o

disk storage or other magncuc storage dcvwcs, or any other
nledium which can be used to carry or store desired progranl
code means In the form of computer-executable instnictions
or data structures. Combinations of the above should also be
included within the scope nf the non-transitory computer- 11

readable storage melba or machulc-readable mnhum.
Computer-cxccutablc Instructions ulclude, for example,

instrucuons mid dani wluch cause a cncral purpose com-
puter, special purpose computer, or special purpose process-
ing device to perform a certain function or group of func- io
tions. Computer-executable instructions also include
progranl modules that are executed by computers in stand-
alone or network cnvirolnncnts. Generally, pro ram mod-
ules include rouunes. progriuns, objects, components, and
dale structures, ctc that perform parucular tasks or uuplc- Ss

nlent particular abstract data t)pes ( omputer-executable
instructions, associated data stnictures. and progranl mod-

ilies rcprcscnt cxiiulplcs of Ihc progtiiul code ulciius Iol
executmg steps of the nlethods disclosed herein. 'I'he par-
ticular sequence of such executable instmctions or associ-
ated data stmctures represents examples of corresponding,
acts for implementin the functions described in such steps.

While the disclosure has been illustmted and described in
dc(ail in the drawulgs mid foregoulg dcscnption, the same
should bc consafcred as tllustrauvc and not rcstricuvc in
character. It is understood that only the preferred embodi-
ments have been presented and that all changes. modifica-
tions and further applications that come withm the spirit of
the disclosure are desired to be protected.

What is claimed is:
I A modular visor system Ibr a vcluclc, thc modular visor

system compnsulg.
a sensor configured to detect an illumination level of at

least one location within the vehicle;
a plunllity of discrete liquid crystal display (I.('I)) panel

modules mounted ivithin the velficle and arranged so as
to physically abut one another„each discrete LCD panel
module havulg a plurality of LCD pixels arranged in a

grid Ibrmauon and a discrctc sct of connections cun-
figured to receive control sigulals that operate the
respective plurality of I,('I) pixel~. each I,('D pixel
configured to, (i) in an opaque state, block light from
passing through a corresponding area of the respective
LCD panel module and, (ii) in a transparent state. allow
light to pass Ihroiigh lhc colrcspondulg Blcil of Ihc
respcctivc LCD panel module; and

a controller operably connected to the sensor and to the
respective discrete set of connections of each discrete
I CD panel module in the plurality of discrete I CI)
panel module~, the controller configured to (I) receive
a sensor signal from the sensor. (Ii) determine the
tlluminauon lcvcl of'the at least oue locauon based) on
thc sensor signal. and (iil) schwuvely operate each
pixel of Ihc plurahty of'CD pixels of each of Ihe
plunllity of discrete I,( I) panel modules in the opaque
state and the transparent state dependmg im the illu-
mination level of the at least one location within the
vehicle.

2 Thc modular visor systmn of claun 1 further compns-
ulg:

a bcacl conftgurcsl Io surround and sccurc Ihe plurahty of
I CD pixels of at least one I,('D panel nlodule of the
plurality of discrete I,('D panel modules

3 The modular visor system of cLaim I, wherein the
plurality of discrete L('D panel modules are arranged in a
gud fbrnlatlou.

4 The modular visor system of claim 1, whcrcin a first
LCD panel module of the plurahty of discrete LCD panel
nxldules is a different sire than a second I.('D panel module
of the plurality of discrete I,('D panel modules

5 The modular visor system of claim 1. further compris-
ing:

B plot'ilhtv of uliiltlplcxcls, each uliihlplcxcr ul Ihc plu-
rahty of multiplcxcrs operably connected) to a subsel of
thc plurahty of discrctc LCD panel modules, each
nndtiplexer configured to nlute the control signals from
the controller to the respective discrete set of connec-
tions of each of the respective subset of the plurality of
discrete LCD panel nlodules.

6 Thc modular visor system of'laim 1, whereul.
Ihe at least onc locauon includes a face of a dnvcr of Ihe

vcluclc, and
the controller is further confi ured to operate at least one

I,CI) pixel in the plurality of I CI) pixels of one of the
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LCD panel modules in thc plurahty ol discrete LCD
panel modules in the opaque state in response to one of
(i) the illumiimtion level on thc face oi'Ite dnvcr and
(ii) a change in the ilhunination level on the face of the
dover cxcix ding a predetcrmuied threshold.

'7. The modular visor system of claun I, v,lmrein.
Ihc al least onc location includes a lace of a driver of thc

vehicle; and
the sensor is a camera mounted within the vehicle and

pointed at the driver of the vehicle.
8. The modular visor system of claim 7. the controller

further configured to.
delcnninc lhc illumuiation lcvcl on face of lhe dnvcr

based on image Ibmncs rcceivcd from the rxuncra; and
operate at least one I,('I& pixel in the plurality of I CD

pixels of one of the I,('I I panel modules in the plurality
of discrete LCD panel modules in the opaque state in
response to one of (I) the illumination level on the face
iii lhc Cirivci'utti (11) a change ln lhc llluniinatllin lcvi:I
on Ihc face oi'hc dover cxcceding a predelcrmuied
lhrcsholil.

9 'I he modular visor system of claim 7, the controller
further confi ured to:

detemtine a basehne illumination level on the face of the
driver based on previous image fmsmes received fmm
the cmncra:

delcnninc a current illunnnation level on lhc face of the
driver based on a most recent image frmnc rcccivcd
from the cantera, and

compare the current illumination level lvith the baseline
iiluniination level.

10. The modular visor system of claim 7. the controller
further configured to:

dclenninc locations corresponding to eyes ol Ihc dnver
based on inuigc Ibmncs received from IIte camera: and

determine an illunlination level on the eyes on the dnver
based on illumination at the locations in the image
franies corresponding to the eyes of the driver.

11. The modular visor system of claim 7. the controller
further configured to:

select the at least one LCD pixel lo bc operated ui the
opaque slate lo block light passuig through Ihc respec-
tive I.('D panel module onto eyes of the driver. the at
least one I,('I 3 pixel being selected based on a projec-
tion model that includes a mapping of the plurahty of
LCD pixels to corresponding locations on the face of
the driver.

12. The modular visor system oi'laim 11. the controller
further coniigured to:

io

sli

is

operate a subset of lhe plurality of LCD pixels of onc of
thc LCD pimcl moiiules ui the plurality ofdmcrctc LCD
panel modules in the opaque state to pmject an illumi-
nation pattern onto the face of the dnver:

detect the illumination pattern on the face of the driver
based on image frames received fmm the camera: and

detemiine the mapping of the plurality of LCD pixels of
the one of the LCD panel modules in the plurality of
discrclc LCD panel modules to corresponduig locations
on thc face of thc striver based on the location at wluch
the illumination pattern was detected on the face of the
driver.

12L A modular visor system for a velficle. the modular
visor system composing

a camera moluited within the vehicle and pointed at a face
of Ihc a dnvcr of thc 1 chicle, thc ctuncra conligurcd lo
capuire image Irames oi Ihc face of Ihe driver,

at least one liquid crystal display (I,('D) panel module
mounted v, ithin the vehicle. the at least one I.('I) panel
module having a plurality of LCD pixels arranged in a
grid formation. each LCD pixel configured to. (i) in an
opaque state, block light from passing through a cor-
responding arcs oi'hc al least onc LCD panel module
mid, (ii) in a transparmit state, allow light to pass
through the correspondin area of the at least one I CI)
panel module: and

a controiler operably connected to the camera and to the
at least one LCD panel module, the controller confi-
ured to:
operate a subset oi Ihc plurality of LCD pixels oi Ihe al

least onc LCD pmiel module ui thc opaque stale lo
project an illuniination pattern onto the face of the
driver:

detect the illumination pattern on the face of the driver
based on ima e frames received from the camera;
sill(I

delcrnunc a projection mapping of thc plurahly ofLCD
pixels of thc al least one LCD panel module to
corresponding locations on the face of the driver
based on locations at which the illumination pattern
was detected on the face of the dover: and

selectively operate at least one LCD pixel of the
plurality of LCD pixels in the opaque state to block
light passing tlirough thc at least onc LCD panel
module onto cycs oi'lhe driver. thc at least one LCD
pixel being selected based on the protection mapping
of the plurality of 1.('D pixels to the corresponding
locations on the face of the driver

s e e v
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