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(5 I) ABSTRACT

A mirror cainera system includes a centers fixed to a top of
a convertible roof of a vehicle and positioned to capture
image data of a scene rear of the vehicle, and a rearview
nurror with an integrated display connixtcd to thc camera.
The mirror camera system is switchablc bctwcen a ctmiera
tllodc, wlilclt slicw s tile llltdge ddta ctipullcd bv (lie ctlllleld
on the integrated display. and a stanthsrd mirror mode. which
shows an environment behind the vehicle on a semitrans-
parent reflective surface of the rearview mirror The rear-
view mirror includes an electroruc control unit that is
configured to analyze the image data output from the camera
to detcmunc a lunnnance value of thc scene, mid further
collfigulcd to solid d digital to sw ltcll tile lllllrol caillclii
system from the camera mode to the standard mirror mode
v hen the luminance value of the scene is within a prede-
termined tlueshold range.
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CONVERTIBLE ROOF OPENING
DETECTION FOR MIRROR CAMERA

FIELD OF INVENTION

[t)t)01] One or nlore enlbodiments of the present invention
eneraily relate to a mirror camera system for B vehicle

having a convertible roof. Bnd a method for operating the
same.

BACKGROUND

[t)t)02] Mirror centers systems installed in vehicles having
a convertible mof may include a rear-facing camera fixed to
the top of the convertible roof. When the convertible roof is
fully open„ the field of view OI the camera is blocked by the
comertible roof, rendenng thc cimicra useless. If such
nnrror camera sysicnw arc noi conncctcxi to a vehicle
netivork bus. the driver will have to remember to sv itch the
nlimlr centers systenl from camera mode to standard nlirror
nlode to be able to view the scene rear of the vehicle wlule
still facing the scene in front of the vehicle.

SUMMARY OF INVENTION

[0003] Onc or morc mubodimcnis of ihe present invention
are directed to a nlirror camera system filr a vehicle )laving
a convertible roof, the system including a cainera fixed to a
top of the convertible mof and positioned to capture image
data of a scene rear of the vehicle, and a rearview mirror
with an integmtcd display connecicd io ihe camera. thc
rcarvicw nurror with the Integrated display mcludui an
clccironic control unit [ECUJ thai is conligurcd io analyze
the image data output from the camera to deternune a
luminance value of the scene, a semitransparent reflective
surface, and the nitrated display behind the semitranspar-
ent reflective surface. v herein the mirror cmnera system is
su iichablc between a camera mode. winch shows Ihc uuage
data capiurixl by thc camera on Ihc uilcgraied display, and a
standard mirror mode. wluch show s an environment behind
the vehicle on the senlitnlnsparent reflective surface. and
wherein the li('1.) is further configured to send a signal to
switch the mirror camera system from the camera mode to
the standard mirror mode tI hen the luminance value of the
scene is within a predetermined threshold ran e.
[00()4J One or nlore enlbodiments of the present invention
are directed to a method filr operating a mirmr centers
systetn that includes a rear-facing camera fixed to a top of a
convertible roof of a vehicle. the method including turning
on thc nurror c uncra system ui a camera mode, wluch shows
image ddia of a sccnc captured by ihe camera on a rearview
Illlirol with Bll llltcgra)Cd ihSplaV, Bnalystng ihC 1111Bgc diitil
captured by the camera to determine a luminance value of
the scene. and sending a signal to sivitch the mirror canlem
system from the camera mode to a standard mirror mode
when the luminance value of the scene is within a prede-
lcllilllled lhrCShokl railgc.
[t)t)05] One or nlore enlbodiments of the present invention
are directed to a nlirror cmnenl system tilr a vehicle having
a convertible roof, the system including a camera fixed to a
top of the convertible mof and positioned to capture unage
tlat ii Of d SCCIIC rciir Of illc VCIIICIC, illc CBIIICI d Ciilllpl lslllg Bll

ECU thai is conligurcd to imalyxe thc unage data captured
by thc camera io dcienninc a luminance value of thc scene,
and a rearview mirror with an integrated display coiulected
to the camera, the rearview mirror with the integrated

display including a semitransparent reflective surface. and
the uttcgratcx) display belaud thc semitrmispareni rclhwtivc
surface, wherein thc nurror cmncra systmu Is switclmblc
between a cmnera mode, ivhich shows the unage data
captured by the centers on the integrated display. and a
standard mirror mode. Ivlfich shoe s an environment behind
the vehicle on the senlitransparent reflective surface. and
wherein the ECU is hirther configured to send a signal to
switch ihc nurror camera system from Ihc camera mode io
thc standard mirror mode when ihc luminance value of thc
scene is within a predetermined threshold range
[0006] Other aspects and advantages of thc invention w ill
bc apparent lbom ihc follow uig descuption mid ihe appcndcx)
claims

BRIEF DES('RIPTION OF DRAWIN()S

[)N)t)7J FI(i I shows a mirror camera systenl according to
one or more embodiments of the present invention installed
in a vehicle having a convertible roof.
[t)UUUJ ill(i 2 sholvs a mirror cmnera systenl according to
one or more embodiments of the present invention.
[)N)t)UJ FI(i 3A shows a cameos fixed to the top of the
cmlvertible mof when the roof is not filly open
[t)UI))J ill(i 3I3 shoivs a camera hxed to the top of the
convertible mof when the roof is open
[0011] FIG. 4A shows an cxmnple distnbuuon curve thai
approximates a histo rani resulting front the analysis of
inlage data from a scene under normal light conditions.
[0012] FIG. 4B shows an cxamplc distnbution curve flat
approxmlates a histogram resultin front the analysis of
inlage data from a night scene
[)N)13J FI(i 4(.'hows an example distribution curve that
approximates a histo rani resulting front the analysis of
inlage data from a scene that is darker than night
[0014] FICi. 4D shows an example distribution curve that
approxnnates a histogram resulting from the analysis of
ima e data from a very bright scene.
[0015] FIG. 5 shov:s a flowchalt of a method lhr operatulg
a mirror camera system according io onc or morc cmbodi-
mcnis ol thc present uivcniion.

DETAILED DESCRIPTION

[0016] In ihc following detailed dcscuption, numerous
spcclllc ilcialls tile sci Iinth 111 order to provide a Illolc
thorough undcrstandulg of onc or morc embodiments of ihc
invention. ) Iolvever, it ivi)1 be apparent to one of ordinary
skill m the mt that the invention may be practiced ivithout
these specihc details. In other instances. v ell-known fea-
tures have not been described in detail to avoid unnecessar-
llv Coillp)ICB)lllg illC UCSCriptloll.

[0017] It is to bc undersiood that thc singular fonna '*d,"

"an," and "lhc** uiclude plural refi:rents unless ihe conicxl
clearly dictates otherwise 'I'hus, tilr exanlple, reference to "a
camera" includes reference to one or more of such cameras
Further. it is to be understood that "or." as used throu bout
this application. is an inclusive or. unless the context clearly
dictates othetwise.
[0018] Tcmis hkc "approximately," "about," "substan-
tially.'* ctc., mean thai ihe rcciicd charac)enatic, parimicicr,
or value nccx) not be achicvcd exactly, bui thai dcviauons or
variations, including for exanlple. Iolemnces, measurement
error, measurement accuracy limitations and other factors
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known to those of skill in the art, may occur in amounts that
do not preclude thc eflcct thc characleusuc was inlcndcd lo
provide.
[0019] Spccilic mnboduncnts will now bc described in
dciml with rcfcrcnce to the accomptmymg Iigurcs Like
clcmcnts may uot bc labeled ul all Iigurcs I'or the sake of
sitnphcity.
[0020] FIG. I shows a mirror camera system 10 according
to onc or more muboduuents oi the prcscnt invention
installed in a vehicle 12 having a convertible roof 14.
According to nne or nlore embodiments, the vehicle 12 may
be a passenger car, winch may include a sedan or a coupe,
a truck. a sport utility vehicle. or any motor vehicle with a
corn cruble rooi; for cxamplc. Moreover, as defined ul thc
prcscnt disclosure. "convertible rooi" means tmy roof thai is
rctrnctdblc bctw can I'ully closed, parually open, and fully
open positions. I lard top and soft top convertible roofs are
within the scope of the present disclosure
[002 IJ I'l(i. 2 shows the mirror camera system accordiag
to one or more embodiments of the present invention.
Referring now to I'I()S I and 2, the mirror camera systenl
10 includes a camera 16 and a rearvielv mirror 18 connected
to the camera 16 In one or more embodiments. the camems
16 mny be a CCD (Charge-coupled De ice) caulcld ol
CMOS (Complcmcntary Metal-oxide Smniconductor) clun-
erl, filr exiunple I'he cameos 16 may have a v ide angle or
be an extended dynamic mange camera. Ilurther, the can)col
16 may have an expansive horizontal viewing angle I'or
example. according to one or more embodiments. the
respective horizontal viewing angle may be in n range of30'o

190'. As a result of the cxptuwive houzontal viewing
angle, dn expansive view oi the scene surrounding the
vehicle 12 may be acquired. and consequently. an expansive
image corresponding to the vielv inay be generated filr
disp)ay In one nr more embodunents, the rearview mirror 18
may be connected to the camems 16 via at least one wire. for
example. In other embodiments. the rearview mirror 18 mny
bc wirelcssly connixtcd to the camera 16, such as via
Bluctooth, Zigbcc, infrnrcd (IR), or Wi-Fi, filr example Thc
type of wireless protocol enlployed is not limiting, and nther
wireless protocols are within the scope of the present
invention. 1 he cmnera 16 is fixed to the top of the convert-
ible roof 14 of the vehicle 12. Further, the camera 16 is
rear-facing. That is„ the camera 16 is positioned to capture
image ilute oi' scene 20 rear of the veluclc 12.

[0022] FIG. 3A shows tlm camera 16(ixcd to lhc top of the
corn ertible roof 14 of the vehicle 12 ss hen thc convertible
roof 14 is partially (i.e, not fully) open As slmwn, when the
convertible rnnf 14 is not fully open. the camera 16 on top
of the convertible roof 14 is able to capture image data of a
scene exterior to and rear of the vehicle 12 without being
obstructed by the convertible roof 14. Accordiitg to one or
morc cmbodunmlts of thc present ulvcntion. '*not fully
open" may mean any dcgrcc between partially opml and
fully closed where the comertible roof 14„and/or nther
vehicle parts or modules, such as a rear spoiler ofthe vehicle
12. do not obstruct or compromise the field of view of the
camems 16.

[0023] FIO. 3B shows the camera 16 fixed to the top of the
corn ertible roof 14 of the vehicle 12 ss hen thc convertible
roof 14 is open. As shown, when thc converuble roof 14 is
open, thc cmncra 16 on top of thc convertible rool'14 rxuulot
capture image data of a scene rear of the vehicle 12 because
the iield of view of the camera 16 is obstnlcted by the

convertible roof 14. According to one or more embodiments
of the present invention, "npen'* means any degree of
openness where the convertible roof 14 obstnicts or other-
wisc compromises the Iield OI'iew oi'lm camera 16.
including partially opml anil Ihfly open.

[IN)24J 'I)le mirror cmnera system 10 according to one or
nxlre embndiments of the present invention is isolated from
an electmnic system of the vehicle 12 'I'hat is, in one or
more embodiment~, there is no communication between the
mirror camera system 10 and the electronic system of the
vcluclc 12. For example, thc mirror cmnera systmn 10 is not
colulcctcil to 11 vi:lucli: nctv'ork bus ol' couuuuulcdtlon
interface of the vehicle 12.

[IN)25] Referring back to ill(i. 2, in one or nlore embodi-
ments. the rearview mirror 18 may include an electronic
control unit (ECU) 22. a semitransparent reflective surface,
and nn integrated display behind the semitransparent reflec-
tive surface. Accordulg to one or morc embodiments, thc
in)agre)cd display oi'he rcdrview mirror 18 may be an LCD
(hquid crystal display), an I,l!D (li ht enlitting diode) dis-
play, an OI.)1D (organic light emitting diode) display an I ID
(high definition) display. a backiit display, n plasma display,
a Iield emission display, standard definition (SD) display, or
a CRT (cathode ray tube) display. for example. The type of
integrated display of thc rcarvicw nnrror 18 w not lunitulg,
and other types of displays may bc witlun the scope oi'he
present disclosure. 'I'he mirrnr camera system 10 according
to one or mnre embodiments of the present invention
operates in at least two modes: a camera mode and a
standard mirror mode. When the mirror camera system 10 is
in camera mode, the image dsata captured by the camera 16
may bc displayed on the intcgratcxl display of thc rcaisiew
mirror 18. When thc nurror c;mu:ra system 10 is ul stunt)ard
nurmr nlode. ml eiwironnlent behind the vehicle 12 is shown
on the semitransparent reflective surface of the rearview
mirror 18. In one or more enlbodiments. the mirror camera
system 10 is switchable between these modes. Tho~e skilled
in the art wiil appreciate that there may be more than two
modes for the nurror camera system 10 without dcpartulg
from the scope of thc invmltion.

[1)026J According to one or more enlbodinlents of the
present invention, the centers 16 is a color-sensitive camera
that can detect light in the visible spectml range and thus
provide photograpluc image data In this v ay, when the
nurror clunera system 10 is ul canu:ra mode. the uuage dais
captured by thc camera 16 may be displnycd on the inie-
gratcd display oi'he rcarvtcvs mirror 18 or a head-ulut
display in color. As understood by those skilled in the art, if
the camera 16 is color-sensitive, the color values in the Ii(i)3
color space may be converted to the luminance-chrominance
space (YUV/YCbCr) to determine corresponding grayscale
values. For example, weighted values of R, (i. B (i.c., thc
tlucc sub-pixels oi'dw inuigc data), may bc combuled to
produce Y, a mcasurc of ol crdll brightness or lumulance. U
and V, the chmminance components, may be computed as a
scaled ditference between Y and the l3 and R values 'I'hat is,
Y provides grayscale values„and U and V separately provide
color infounation. As detailed further below, the grayscale
values may be used ul an analysis to detcnnine a luminance
value of the sccnc capturtxl by the cmncra, accordulg to one
or morc mnbodiments. In other emboduuents. a black and
white camera 16 may be used, which outputs the grayscale
in)age data v, ithout any prinr conversion
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[0027] As shown in FICI. 2. the cmnera 16 outputs unage
data 24 to the ECU 22 of thc rcarview nurror 18. In onc or
morc mnboduncnts, Ihc unagc dani 24 output by the camera
is grayscale image data 24. and the I i('U 22 of the rearview
n&im)r 18 analyzes the image data 24 to determine a )urn&-

nance value of the scene 20. According to one or more
enibodiments. the ECU 22 includes at least one micropro-
cessor for performin the various analyses described herein
for dciennimng thc lununance value of ihc scene 20.
Accordu&g Io onc or morc cmboduncniw Ihc lununancc
vahie of the scene 20 n&ay be a brightness level of the
can&era, a representative pixel value. an exposure amount, or
an autoniatic gain contml level. As further discussed below,
the luminance value of the scene 20 is compared with a
corresponding predetermined tlueshold range to determine
whether Ihc lum&nance value of Ihe scene 20 is rc)&rcscnta-
ili t: Of ti SCC&lt: thai &S ddrkC& lb(in 11&J&t.

[0028] In embodiments where the lmninance value of the
scene is a brightness level of the cameml 16, the ECU 22 of
the rearview mirmr 18 conducts a brightness level analys&s
to airdlync thc unugc data 24 outpui by the camera 16 to
detcrmuie tiu: lum&nance value of thc scene 20. For ex nnple,
as described &n Wf&lier et al., "I he uslge of digital can&eras
as lun&inance meters." Digital Photography III, Proc. Of
SPIE-IS&T Electroruc Imaging, SPIE Vol. (i502 (2007),**

after perfi)rming the necessary calibration, the algorithm
shown in Equation I may be used to calculate the luminance
& slue (Y) of thc scene usu&g the R. G, mid B values output
from a digital cmncra.

Y f'&628(, +t)7&i G(,„, +f)07228), Esu.it on I

[0029] As another example. as understood by those having
ordinary skill in the art. the conversion matrices shown in
Equation 2 may bc used to mcasurc overall brighu&ess ln an
SDTV system usu&g thc R, Ci. and B values output from the
tbglidl Ciinlt:ra.

!

Y' 0 299 I) 587 ft I &4 R Fs«nt o

U = — f)14711 — 8886 (t4&6 G

Y U 61 — fl s&4'19 — f& ii)001 8

G = I — i) 3'146 — U SS06() U

[0030] As another example. as understood by &hose having
onilnarv'kill ltl 11&c Brt, Iht: col&vers&011 lust&it:cs show&1 nl
I iquation 3 n&ay be used to measure overall brightness in an
I I I

)'I'V system using the R, (i. and 13 values output from the
digital cmnera

!

Y'[
[

0 2126 0 7152 0 072'[ 8 E iunuon -'

= -0 099(ll -0 3360() 0 436 G

V 0 61 — 0 55861 — U 056&9 8

8 I 0 120tss [P
8 = I -02msl -0&so&9

8 I I 798 0 V

[0031] As another example. as understood by thosehaving
ordinary skill &n the art, the matrix shown in I iquation 4 may

be used to measure overall brightness in 0 studio swin for
an SDTV system us&ng Ihc R, G, and B values output from
&BC thg&&BI Cauli:rd.

U = — 8 -74 112 G

6 &unton 4

[0032] As another example, as understood by those havulg
ord&nary skill in the dri, thc matrix shown u& Equat&on 5 may
bc used Io mcasurc o& crdll brighincss ui a full swuig li&r an
SDTV system using the R. (I, and l3 values output fmm the
digital camera

8 = — 43 — Sd &7 G

[0033] In Ibis wuy, thc c;miera 16 may bc used as 4

lumina&lce meter Accordiim 01 one or more enibodinients of
the invention, if the calculated luminance value of the scene
20 as a result of the brightness level analysis is within a
threshold range of 0 to 400 pcd/m'. then it may be deter-
m&ncd that the scene 20 &s darker than n&ght. In other
mnbodunents, thc predmcnnined tlucsho id range corrc-
spond&ng to thc brightncss icvcl analysis may bc 0 to 350
&lcd/&11, 0 to 300 gc(L'n&, 0 to 250 ucd/m', 0 to 200 pcd/m',
0 to 150 pcd/m, 0 to 1(X) pcd m, 0 to 50 pcd/m . 0 to 40
gcd/m-', 0 to 30 gcd/ms "to 20 iuicd/m-'„0 to 10 gcd/m', 0
to 5 pcd/m . 0 to 2 gcd/m'„or 0 to I gcd/m'.
[0034] In cmbodimenis where ihe lumuiancc value of thc
scene 20 is a representative pixel value. the I i('U 22 of the
rearview mirror 18 conducts a histogram analysis to analyve
the unage data 24 output by the camera 16 to detem&ine the
luminance &alue of the scene 20. As understood by those
skilled in the art, the pixel value &s 0 sin le number that
represt:nts thc hght intensity (& e., bnghtness) at a given
poli&I nl IhC ln&BgC Ol SCI:nfx dnd Iht: plxCI vdlt&t:8 Bit:
represented inside the camera as binary numbers. I&or an 8
bit per color RA5V data ima e. for exmnple. the pixel values
nlnge fmm 0 to (2 — I) 255 on a pixel value scale, as
understood by those skilled in the art. On the pixel value
scale, a pixei brightness value of 0 represents a completely
black scene, and a pixel brightness value ol'55 represents
d t:on&pic&el)'hite sct:ntx Var&'nlg sita&les ol gtcv tilt:
represented by the pixel brightness values benveen 0 and
255 of the pixel &slue scale

[0035] According to one or more embod&ments, the ECII
22 of thc rci&tx &ew nurror 18 conducts the h&stogram mialysis
to analyze Ihc &mage dain 24 output by the cdmcm 16 to
dcicrnunc the lununanct: value ol'hc scene 20 ui thc
followmg v;ay Specihcally, the Ii('l.l 22 determines the
nun&her ofpixels that have a given pixel brightness value on
the pixel vaiue scale, and outputs a histogram based on the
data. From this histo~oant analysis. the ECU 22 may calcu-
late a representative pixel & slue. In onc or morc embodi-
menls, thc rcprcscntai&vc pixel vulue may be thc mean,
median. or mode ol'thc resulting distribuuon. as understood
by those skilled in the art. As a result of the histogram
analysis, if the representative pixel value is w:ithin the
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predetermined tlueshold mange of 0 to 40, 0 to 30. 0 to 20,
0 to 10. 0 to 5, 0 to 2, or 0 to I, on thc 0 to 255 pixel value
scnlc, then it may be dctcnnincd that thc scene 20 rs darker
than night Stated another way, if the resulting, histogranr rs
skeived to the right, then it may be determined that the scene
is darker than nikrht.

[tlt)36] I(eferring now to lrl(J) 4A-4I&, example distribu-
tion curves that approxiniate a histogram resulting front a
histogram analysis of image data 24 output from rhe camera
16 are shown. For each distribution curve. the x-axis is the
pixel brightness value, wluch rs a value along thc 0 to 255
pixel i slue scale, and thc y-axis is the number ol'pixels rn
(lie scclic 20
[0037] As a spixilic example, FIG. 4A shows an approxi-
mately normal drstnbutron, wluch may be characterized by
a representative pixel value ol'about 12g. In this way, FIG.
4A shows an exaniple distribution curve that approximates
a histo rani resulting front the analysis of image data 24
front a scene 20 under normal liJrt conditions.
[003UJ As another example, I'l(i. 4)3 shows a distribution
that peaks on the left near the 0 pixel brightness value. and
peaks again on the nght near the 255 pixel bri htness value.
In this way, FICI. 4B shows an exmnple distriburion curve
that approximates a hmtogram resulting from thc analysis of
image data 24 I'rom a night scene. In dus cxmnplc. Uie peak
on the left represents the darkness attributed to night front
the scene, and the peak on the right represents illununated
elements of the night scene, w:hich may include moonhght,
street lamps„etc.
[0039J As another example, I'l(i. 4('hows a distribution
that peaks on the left near the 0 pixel bri htness value. In
other words. FICI. 4C shov s a distribution that is skewed to
the right with respect to the pixel brightness value. In tlus
way, FIG. 4C shows an example distribuuon curve that
approxunatcs a histogram resulung from die ruialysrs of
image data 24 from a darker than night scene 2(l In tlus
example. rhe peak on the left represents the field of view of
the camemc 16 being obstnicted by the convertible roof 14 of
the vehicle 12 when the convertible roof 14 is open. as
shown in FICI. 3B„ for example. Because the field of view of
thc camera 16 rs obstnicted ui tlus way, the scene 20 rs
almost completely void of light, and the resulting pixel
representative value is withm the predetermined threshold
ran e of 0 to 40, 0 to 30, 0 to 20. 0 to 10, 0 to 5, 0 to 2, or
0 ro 1. on the 0 to 255 pixel value scale„as previously
described. Such obstruction by the convertible roof 14
renders camera mode of the mirror camera system 10
i irtually useless Ibr thc dnver of the veluclc 12, insofar as
a disccrnablc image ol'hc sccnc 20 rear of thc vcluclc 12 rs
no lon er displayed on the integrated display of the rearviev
r111rroi I 0

[0040] As another cxtunplc, FIG. 4D shows a drstnbution
that peaks on the right near the 255 pixel brightness value.
In other words, IUCJ 4)) shows a distribution that is skewed
to the left with respect to the pixel brightness value. In tlus
cvay, FICI. 4D shows an example distribution curve that
approximates a histogmcm recultirtg from the analysis of
image data 24 I'rom a very bright scene 20. In this example,
the peak on the nght rcprcscnts illuminated clcmcnts of thc
brigirt scene. which may include sunlight, fiir example.
[0041] In embodunmits whcrc the luminance value of the
scene 20 is an exposure tunount, the ECU 22 ol thc rearvicw
niimir III conducts a high dynamic range analysis to analyze
the inmge data 24 output by the camera 16 to determine the

luminance ialue of the scene 20. As understood by thoce
slollcd rn thc art, a high dynamic range analysis works by
lcvcraging thc exposure mnount of ddli:rent sub-pixels of
the pixels in the image dare 24. Specifically. each pixel in the
in(age data 24 is divided into three sub-pixels (e g . IC (i. 13),

each bavin difierent sizes and difi'erent exposure times.
Data from all tluee sub-pixels is weigrhted and summed
together to form the lugh dynamic range of the scene. and
very bnght areas and very dark areas arc nonnalrzcd Ibr thc
best rluality prcturc, ns understood by those skilled in the ark
lier exmnple, if the I i('I J 22 detects that the sniallest of three
sub-pixels in the image data 24 rs exposed for a short period
of time, then the ECIJ 22 deterniines that the scene 20 is very
bright According to one or more embodiments, if the
determined exposure aniount of the smallest of three sub-
prxels rn thc image data 24 as a result of thc high dynrunrc
range armlysis is witlun an example tlucshold range ol'0 to
12 milli-seconds, the I ICU 22 determines that the scene is
very bnght. I 'urther, if the I I('I I 22 detects that the largest of
three sub-pixels in the imc e rkcta 24 is exposed for a long
period of time. then the ECU 22 determines that the scene
20 is darker than night. According to one or more embodi-
ments. if thc dctemrincd cxposurc amount of thc largest of
tlucc sub-pixels in thc image data 24 as a result of thc lugh
dynaniic range analysis is within an exaniple threshold range
of4 to 6(i milli-seconds. then the I.('U 22 determines that the
scene is darker than night Stated another way. if the I IGU
22„when processing the high dynamic ran e of the scene 20,
tnes to amplify the light as natch as possible (i.e.. expoce the
sub-prxcls Ibr as long as possible) until a predetcrnrrncxl
tlueshold range is reachml, thmi thc ECU 22 dctennincs that
the scene 2U is darker than night.

[IH)42J In ernbodinients ivhere the lunimance value of the
scene is an automatic gain control(ACJG) level of the camera
16, the I i(.'U 22 of the rearview mirmr I 0 conducts an ACID
analysis to anaiyze the image data 24 output by the camera
16 to detemiine the luminance value of the scene 20.
Accordrng to one or more cmbodinu:nts. Ihe camcm 16 may
include mi image sensor having an analog circuit. As under-
stood by those skilled in the art. gain is a setting that controls
the aniplification of the signal from the iniage sensor of the
digital cmnerc. In one or more enibodiments. the I I('U 22
maximizes the ain of the analog circuit of the image sensor
in order to amplify the available light coming into the image
smisor. If thc ECU 22 tnes to amplify thc light comurg into
the image sensor as much as possible. then thc ECU 22
dctcrnuncs that thc sccnc 20 rs darker than rught. Specrii-
cally, according to one or more embodiments. if the resulting
A(i('evel is within an example threshold range of 200 to
255. then the ECU 22 determines that the scene 20 is darker
than night. In other embodiments„ if the resulting ACIC level
is wrtlun an cxamplc range of 0 to 50, then thc ECU 22
dctcrnuncs that thc sccnc 20 is very bnght. Thc automatic
gain control rmige can vary dc7rendrng on the sclecrcxi
I Iigh-Dynamic range (I Il JR) scheme

[IJU43J According to one or more enibodiments. when the
I:GIJ 22 determines, as a result of one or niore of the
brightness level analysis. the lusto ram analysis. the hips
dynamic range analysis, and the ACIC analysic. that the
scone 20 rs iLirkcr than night (r.c., thc luminance value of thc
scone 20 is within a prcdetennincd Uucshold mngc) as
described above, thc ECIJ 22 sends a signal to switch the
nurmr camera systeni IU from the camera mode to the
standard mirror mode. I'or example, the signal may be a
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warning or an icon on the integmted display of the rearviev
nnrror 18 that is v&s&blc to the dover. Upon sccuig &hc sigual,
thc dr&vcr may manually switch the mirror camera system 10
fmm the cameos mode to the standard inirror mode. In other
embodiments. the Ii('l.l 22 n&ay automatically switch the
mirror camera system 10 from the camera mode to the
staniLlrd mirror mode a predetermined time after sending the
signai. According to one or more embodiments. &he prede-
termined time after sm&du&g thc s&goal may be about 5

seconds. However. tlus prcdctemuncd time &s non-limiting,
and other predetermined times are within the scope of
embodiments of the present imention
[0044] Morc spec&fically, if thc ECU 22 dctcmuncs &liat

the scene 20 is darker than night. this ineans that the
convertible roof 14 of the vehicle 12 has been opened As a
result. the open convertible roof 14. or other vehicle parts or
modules, such as a rear spoiler of the vehicle 12, obstructs
or otherwise blocks the cameml 16 such that the camera 16
can no longer capture thc scene rear of fl&e vcluclc 12. That
is. Cpcmng thc converublc mof 14 esscntuilly renders thc
can&era 16 fixed to the top of the convertible n&of 14 useless
fi&r the driver Ily switchmg the mirror cameos system 10
fron& the camera mode to the standard mirror mode w:hen the
convertible mof 14 is open. the driver is still able to viev. the
scene 20 rear of the vehicle 12, albeit via the semitransparent
reflectivc surihcc oi'hc rcarview m&rror 18, wlulc I'acing the
scene in Ibont of the velucle 12.

[0045] In other embod&ments oi'hc claim&xi u&vention, thc
ECU 22 may be included u& thc ctuncra 12 u&stead of thc
rcarvicw mirror 18. Iu such embodiments, thc ECU 22 of thc
can&era would be configured to analyze the image data 24
captured by the camera 16 by conducting at least one of a
brig&tness level analysis, a his&Cyan& analysis. a high
dynamic range analysis. and an ACIC analysis, as prev&ously
descubcd. to detcnn&nc a luminance value of the scene 20.
Furlhcr, &hc ECU 22 of thc camera would be configured to
send a signal to sw &tch thc mirror ctuncra system 10 from the
cmuenl mode to the standard mirmr mode when the lumi-
nance value of the scene &s within a predetermined threshold
range. as previously described. In some embodiments, the
ECU 22 of the camera would be confignired to automatically
switch Ihc mirror cumera system 10 from thc camera mode
to Ihc st;mdard m&rror mode a predetcnuuicd limed after
sm&ding d&e s&goal, as prcv&ously descubcd.
[0046] Rcfcrruig now to FIC&. 5, a method for operating a
nnrror camera system 10 accordui io one or more mnbod&-
ments of the present u&vcunon &s shown. In step S10, the
nlim&r camera system 10 is turned on in camera nx&de As
previously described, &vhen the mirmr cainera system 10 &s

in camera mode, the image data 24 captured by the camems
16 may be displayed on the integrated display of the
rcarvicw nurror 18.

[0047] Next, &n step S12, the ECI I 22 m&alyzes &mage data
24 output from Ihc camera 16 to delcrnunc a lunnnancc
vahie of the scene 20. As previously described, accordiag to
one or more embodiments, the luminance value of the scene
20 may be a brightness level of the camera 16. a represen-
tative pixel value, or an exposure amount. As also described,
the analysis may be at least one of a brightness level
aruilysis, a histogriun analys&s, and a lugh dynanuc range
dli'&IVS&S.

[0048] Next, &n step S14, the ECU 22 dctcmuncs whether
the lunlinance value of the scene 20 is within a predeter-
nlined threshold mange. 1 hat is, as previously described, the

ECU Z2 deteunines whether the luminance value of the
scene 20 is rcprcscntaui c oi'a scene that w darker than iught.
If, &n step S14 &I is determined that thc lum&nance valueoi'he

scene 20 is not within the predetermined threshold range
(NO), then the convertible roof 14 of the vehicle 12 has not
been opened (i.e., the scene 20 is not darker than night), and
the camera 16 is able to continue capturin image data 24 of
a scene Z0 rear of the vehicle 12 without obstn&ction while
thc nurror camera system 10 rmuau&s in camera mode. II.
howcvcr, ui step S14 it &s dctenuiucd that the luminance
value of the scene Zfl is &vithin the predetermined threshold
osage (YES), the method proceeds to step SI6, where the
ECU Z2 sends a signal to s&vitch the mirror camera system
10 from camera mode to standard mirror mode, as previ-
ously described. In other en&bodiments. the method may also
include a step whcrc thc ECU ZZ automaucdlly switclli:s lite
nurror camera system 10 from thc camera mode to the
standard mirmr nlode a predetermined tinle after sending the
sigaal, as previously described.
[IN)49] Hecause the E(:U of the nurmr camem systein is
able to detect &shen the convertible roof of the vehicle is
opened, such opening blocking the camera such that the
camera can no longer capture the scene rear of the vchmle,
thc ECU is able to warn the driver to sw&tch thc m&rror
camera system fronl camera mode to standard mirror mode
or to automatically make the switch As a result, the camera
may be powered down to conserve battery when it is no
longer usefui for the driver, and the driver may still view the
scene rear of the vehicle via the reflective surface of the
rixllVICw ill&nol iVI&ilC fdC&llg thC Si:i:ill: ill flu&11 oi 11&C

vchiclc. Thus, the comphcauons aud added costs that result
from integrating the mirror can&era systen& with the elec-
tronic system of the vehicle may be avoided
[0050] While the invention has been described with
respect to a linutmi number of cmboduncnts, those skilled in
the art, having bcnclit of this disclosure, will appreciate that
other embodiments can be devised which do not depart from
the scope of the i&mention as disclosed herem Accordingly,
the scope of the invention should be linuted ioaly by the
attached claims.

What is cLlimed is
I A ill&&Vol el&lucia svsli:rii for d vchli:li: Iiilv&llg a ci&il-

vcrtiblc mofi thc system compris&ng:
a camera fixed to a top of the convertible roof and

positioned to capture ima e data of a scene rear of the
vehicle: and

a rcarvww nurror with;m integrated d&splay connected to
the cainera, the reamiev mirmr w&th the integrated
display comprising:
m& electronic control umt (ECU) that &s configured to

analyze thc &mage dais output I'rom the camera to
determine a luminance value of the scene,

a semitransparent reflective surface; and
thc intcgratcd display behind thc smnitrm&sparcnl

reflective surface.
wherein the mirror camera system is switchabfe between

a camera mode, wlfich slu&ws the image data captured
by thc camera on thc intcgratcxf display, aud a standard
nurmr mode, v,hich shows m& cnviroiuncnt belund thc
vehicle on the semitransparent reflective surface, and

whcrcui the ECU is further configured to scud a s&gnal to
sw &Ich the nnrror camera system from thc camera mode
to the standard mirror nlode when the luminance value
of the scene is within a predetermined threshold range
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2. The nurror camera system of claim 1. wherein the
predetcrmuu:d threshold rimgc Is 0-40 on a 0 to 255 pixel
I BJUC SCIIJC.

3 The Inirror camera systenl ot claim I „wherein the Ji(JU
is further conhgured to automatically switch the nlirror
camera system from the camera mode to the standard mirror
mode a predetermined time after sending the signai.

4. The mirmr camem system ofclaim I, wherein the ECU
conducm a brightncss level analysis lo analvze lhc unagc
dain output I'rom the camera to detcrmule lhc lunnnancc
vahie of the scene

5 I'he mirror camem system of claiin I. wherein the I:(:JJ
conducts a histogram analysis to analyze the image data
output from the camera to determine the luminance value of
the scene.

6. The nurror cmncra system oi'claim 1, it herein the ECU
condUcm d high dvnBnuc range IUIBIvsts to Bnalvzc thc uniigc
data output from the camera to determine the lununance
value of the scene

7 A vehicle having a convertible roof, the vehicle conl-
prising:

the mirror camera system of claim 1.
wherein thc mirror ctmlecd system is Isolated from an

clcctronic system of the vehicle, and
wherein the mirror centers system may be sv itched front

the camera mode to the standard Inirror mode v hen the
convertible roof is open, as a result of the camera being
blocked such that the camera can no longer capture the
scene rear of the vehicle.

8. A method for operatulg a nurror camera system com-
pnsulg a rear-Ihculg cdmcm lixed tu a top OI'a convertible
roof of a vehicle, the nlethod comprising

turning on the mirror camera system in a camera nlode,
which shows image data of a scene captured by the
camera on a rearview mirror with an integrated display,

analyzing the image data captured by the camera to
detcrmnu: a luminance value of lhc scmle. Bnd

sending a signal to switch thc nurror camera system from
the camera mode to a standard mirror mode when the
luminance value of the scene is tvithin a predeternuned
threshold mange.

9. The nlethod of claim 8. wherein the predetermined
threshold mn e is 0-40 on a 0 to 255 pixel value scale.

10. Thc nu:thod of claim 8, further compnsulg automat&-
cally switching thc mirror camera system Irom thc ciuncra
nlode to the standard mirror mode a predetermined time
afier sending the signal

11. The method of cLaim 8, wherein analyzin the image
data output Irom thc cmncra to dclernnnc thc lumulancc
I Blue of thc sccnc composes conduciing a brighuless level
analysis.

12. The nlethod of claim 8, wherein analyzin the unage
data output fmm the camera to determine the lnminance
I Blue of the scene comprises conductulg d histogr un mlaly-
SIS.

13. The nlethod of claim 8, wherein analyzin the unage
data output fmm the camera to determine the lnminance
value of the scene comprise~ conducting a high dynamic
Idilgt: dntllvsls.

14. A mirror camera system for a vehicle haviag a
convertible roof„ the system comprising:

a camera fixed to a top of the convertible roof and
positioned to capture ima e data of a scene rear of the
vehicle, the camera compnsing an I:('U that Is config;
ured to analyze the image data captured by the camera
to detcmline a lunnn;mce value oi'hc sccuc, and

a rearview mirror lvith an inta rated display connected to
the camera, the rearview nlirmr with the integrated
display comprising:
a semitransparent reflective surface; and
thc intcgratcd iiispldy behind the smnitransparcnt

rcfiectivc surface.
whcrcul the nurror camera system is switchablc between

a camera mode, which shotvs the image data captured
by the camera on the inta@ ated display, and a standard
mirror mode, which slu&ws an environment behind the
vehicle on the semitransparent refiective surface. and

whcrcin thc ECU Is further conligurcd to send B signal to
sw Itch thc nurror ctuncra system from the camera mode
to thc standard nnrror mode w hcn thc luminance value
of the scene is tvithin a predeternlmed threshold range

15 I'he inirror system of claim 14, wherein the predeter-
mined tlueshold range is 0-40 on a 0 to 255 pixel value scale.

16. The mirror camera systenl of claim 14. wherein the
ECU Is further conligurcd to automatically switch thc mirror
ciuucld svstcnl fionl lhc cdnlt:Ia nlodc to thc standald nulrol
mode a predetermined time after sending the signal.

17. I'he mirror camem system of claim 14. w:herein the
E(:JJ conducts a brigiltness level analysis to analyze the
ima e data captured by the canlera to detemline the huni-
nance value of the scene.

18. The mirror camem system of claim 14, v herein the
ECU conducts a histogram mlalysis to analyze thc ima c
data capturctf by the c;mlera to dctcrminc thc luminance
value of the scene

19 'I'he inirror camera system of claim 14. wherein the
ECU conducts a high dynanlic mange analysis to analyze the
image data captured by the camera to determine the lumi-
nance value of the scene.

20. A veluclc havulg a converublc roof; thc vehmlc
comprising.

the mirmr camera system of clainl 14,
wherein the nlimir camera system is Isolated from an

electronic system of the vehicle. and
wherein the mirror canlera system may be switched from

the camera mode to the standard mirror mode when the
convcrtiblc rooi'is opml. as a result of thc camera bculg
blocked such that thc camera can uo longer capture thc
scene rear of the vehicle.

21 1'he mirror camera system of clainl I, wherein the
ECU conducts an automatic gam control (AciCJ analysis to
analyze the image data output from the camem to determine
the luminance value of the scene.

22. Thc method oi'claim 8, whcrcin analyzulg the uuage
data output Irom Ihc camera to dctcnnine Ihc lununancc
value of the scene conlprises conducting an antonlatic gain
cmltrol analysis

23. The mirror camem system of claim 14, v herein the
ECU conducts an automatic gain control analysis to mlalyze
the image data captured by the camera to determine the
1UUIUIBncc vaJUc of thc sct:nc.
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