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AUTOMATIC DISPLAY M IRROR ASSEM BLY

FIELD OF THE INVENTION

[0001] The present invention generally relates t o a rearview mirror assembly for a

vehicle, and more particularly, a display mirror assembly where scenes t o the rear of the

vehicle are either reflected t o the driver's eyes or are captured by a rearward facing

camera and displayed t o the driver.

SUMMARY OF THE INVENTION

[0002] According to one aspect of the present invention, a display mirror assembly for a

vehicle includes an ambient light sensor for sensing an ambient light level and outputting

an ambient light signal representative of the sensed ambient light level; a switchable

reflective element that changes states between a high reflection mode and a low

reflection mode; an electrochromic cell positioned in front of the switchable reflective

element for variably attenuating light reflected from the switchable reflective element; a

display positioned behind the switchable reflective element for generating a displayed

image visible through the switchable reflective element and the electrochromic cell; and

a controller in communication with the ambient light sensor, the electrochromic cell, the

switchable reflective element, and the display. The controller compares the ambient light

signal t o a threshold level, wherein, if the ambient light signal exceeds the threshold

level, the controller activates the display, sets the switchable reflective element to the

low reflection mode and sets the electrochromic cell t o a clear state with minimum

attenuation, and if the ambient light signal does not exceed the threshold level, the

controller deactivates the display, sets the switchable reflective element t o the high

reflection mode, and varies attenuation by the electrochromic cell.

[0003] According to another aspect of the present invention, a display mirror assembly

for a vehicle includes an ambient light sensor for sensing an ambient light level and

outputting an ambient light signal representative of the sensed ambient light level; a

switchable reflective element that changes states between a high reflection mode and a

low reflection mode; a display positioned behind the switchable reflective element for

generating a displayed image visible through the switchable reflective element; and a

controller in communication with the ambient light sensor, the switchable reflective



element, and the display, the controller compares the ambient light signal t o a threshold

level wherein, if the ambient light signal exceeds the threshold level, the controller

activates the display and sets the switchable reflective element t o the low reflection

mode, and if the ambient light signal does not exceed the threshold level, the controller

deactivates the display and sets the switchable reflective element t o the high reflection

mode.

[0004] According to another aspect of the present invention, a display mirror assembly

for a vehicle includes a switchable reflective element disposed in the housing for

changing states between a high reflection mode and a low reflection mode; a display

positioned in the housing behind the switchable reflective element for generating a

displayed image visible through the switchable reflective element; and an actuator device

for moving the switchable reflective element between two distinct viewing positions

including a first viewing position and a second viewing position, wherein a primary

reflected image of a rearward scene is reflected from the switchable reflective element

wherein, when in the first viewing position, the switchable reflective element is

positioned t o reflect the primary reflected image towards a viewer's eyes, when in the

second viewing position, the switchable reflective element is positioned such that a

reflected image of a headliner of the vehicle is reflected towards the viewer's eyes and

the primary reflected image is not reflected towards the viewer's eyes, and the display is

turned on when the switchable reflective element is in the second viewing position and is

turned off when the switchable reflective element is in the first viewing position.

[0005] These and other features, advantages, and objects of the present invention will

be further understood and appreciated by those skilled in the art by reference t o the

following specification, claims, and appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The present invention will become more fully understood from the detailed

description and the accompanying drawings, wherein:

[0007] FIG. 1A is a top front perspective view of a display mirror assembly for a vehicle,

in accordance with one embodiment of the present invention;



[0008] FIG. I B is a bottom front perspective view of the display mirror assembly of FIG.

1A;

[0009] FIG. 1C is a side elevation view of the display mirror assembly of FIG. IB;

[0010] FIG. 2 is a schematic illustration of the optical components of the display mirror

assembly of FIG. 1;

[001 1] FIG. 3 is an electrical circuit diagram in block form showing the electrical

components of the display mirror assembly of FIG. 1;

[0012] FIG. 4 is a flow chart illustrating a process performed by the controller shown in

FIG. 3;

[0013] FIG. 5A is a schematic illustration of the optical components of the display mirror

assembly of FIGS. 1A-2 shown in a first viewing position;

[0014] FIG. 5B is a schematic illustration of the optical components of the display mirror

assembly of FIGS. 1A-2 shown in a second viewing position;

[0015] FIG. 6A is a side elevational cross-sectional view of a display mirror assembly with

a bi-modal switch in a first position; and

[0016] FIG. 6B is a side elevational cross-sectional view of a display mirror assembly with

a bi-modal switch in a second position.

DETAILED DESCRIPTION

[0017] The present illustrated embodiments reside primarily in combinations of method

steps and apparatus components related t o a rearview mirror assembly. Accordingly, the

apparatus components and method steps have been represented, where appropriate, by

conventional symbols in the drawings, showing only those specific details that are

pertinent t o understanding the embodiments of the present invention so as not t o

obscure the disclosure with details that will be readily apparent to those of ordinary skill

in the art having the benefit of the description herein. Further, like numerals in the

description and drawings represent like elements.

[0018] In this document, relational terms, such as first and second, top and bottom, and

the like, are used solely t o distinguish one entity or action from another entity or action,

without necessarily requiring o r implying any actual such relationship o r order between

such entities o r actions. The terms "comprises," "comprising," or any other variation



thereof, are intended t o cover a non-exclusive inclusion, such that a process, method,

article, or apparatus that comprises a list of elements does not include only those

elements, but may include other elements not expressly listed or inherent to such

process, method, article, or apparatus. An element preceded by "comprises . . . a" does

not, without more constraints, preclude the existence of additional identical elements in

the process, method, article, or apparatus that comprises the element.

[0019] Referring now to the drawings, reference numeral 10 generally designates a

display mirror assembly for a vehicle. Display mirror assembly 10 includes an

electrochromic cell 12, an electrically switchable reflective element 20, a display module

30, and a controller 50. A housing 35 at least partially receives electrochromic cell 12,

switchable reflective element 20, and display module 30, and includes a mounting

member 39 extending rearwardly therefrom. The mounting member 39 is adapted for

mounting on a windshield or header of a vehicle. The mounting member 39 may be

operably engaged with the rear housing 35 in any known manner. Examples of a display

mirror are described in United States Patent No. 8,879,139; United States Provisional

Patent Application Serial No. 61/637,527 filed on April 24, 2012; United States Provisional

Patent Application Serial No. 61/764,341 filed on February 13, 2013; and United States

Patent Application Publication Nos. US 2014/0268351 Al and US 2013/0279014 Al.

[0020] By way of explanation and not limitation, in operation, the display mirror

assembly 10 can be used as a full display mirror in a vehicle to be operational

substantially continuously while driving, as opposed to back-up display systems that are

used only during certain times of vehicle operation (i.e., when the vehicle is in reverse

gear).

[0021] Display mirror assembly 10 may be operated in a mirror mode or a display mode.

In the mirror mode, display module 30 is off, and switchable reflective element 20 is set

to a high reflective state so as t o reflect light from a rearward scene t o the driver's eyes.

The amount of reflected light may be variably controlled using electrochromic cell 12. In

the display mode, display module 30 is on and switchable reflective element 20 is set to a

low reflective, high transmission state so as t o allow light from display module 30 t o pass

therethrough and to not reflect light much light from the rearward scene to the driver's

eyes. In addition, electrochromic cell 12 may be set in a clear (or highly transmissive



state). In this manner, the amount of light reflected from the rearward scene is kept at a

level that does not interfere with the driver's view of the displayed images generated

from display module 30.

[0022] The display mode and mirror mode may be automatically selected by

controller 50 in response t o a detected light level. Thus, for example, if night-time

conditions are detected, a mirror mode may be automatically selected and if daytime

conditions are detected, a display mode may be automatically selected. In this manner,

the display would not be used during night-time conditions when the rearward facing

camera may exhibit substantial blooming and smear from trailing vehicle headlights.

Further, by providing electrochromic cell 12, the glare from reflections of such trailing

vehicle headlights may be reduced, and thus the mirror mode may provide a superior

view of the rearward scene as compared t o that provided by some camera systems.

[0023] As shown in FIG. 2, which shows portions of display mirror assembly 10 in an

exaggerated exploded view that is not t o scale, electrochromic cell 12 includes a front

transparent substrate 14, a rear transparent substrate 16, and an electrochromic

medium 15 disposed therebetween. A front surface 14a of front substrate 14 may serve

as the exposed front surface of display mirror assembly 10. Transparent substrates 14

and 16 have transparent electrical conductors (not shown) coated on opposed surfaces

such that a voltage may be applied across the electrochromic medium in a known

manner. Electrochromic cell 12 may have any known construction. Electrochromic cell 12

variably attenuates light passing therethrough in response t o the voltage applied across

the transparent electrical conductors.

[0024] Switchable reflective element 20 may include a liquid crystal material 23 disposed

between two glass substrates 22 and 24. A polarizer 21 may be provided on a front

surface of glass substrate 22. A reflective polarizer 25 may be provided on a rear surface

of glass substrate 24. An additional glass substrate 26 may be provided on a rear surface

of reflective polarizer 25. Suitable constructions for switchable reflective element 20 are

disclosed in United States Patent Application Publication Nos. US 2010/0277786 Al and

US 2014/0268351 Al. As disclosed in the latter of these publications, anti-reflective

layers or prismatic wedges 27 and 28 may be provided on the front and rear surfaces of

switchable reflective element 20. In general, switchable reflective element 20 is



responsive t o an electrical signal applied thereto t o change between a high reflection

state and a low reflection state (with high light transmission).

[0025] Display module 30 includes appropriate display driver circuitry for displaying

video images captured by a rearward facing camera 90 (FIG. 3). Display module 30

includes a display element 32 and a backlight 40. Display element 32 may include a liquid

crystal material 33 disposed between glass substrates 34 and 36, a front polarizer 37

provided on a front surface of glass substrate 34, and a rear polarizer 38 provided on a

rear surface of glass substrate 36. Display element 32 and backlight 40 may have any

known construction. Display element 32 may be constructed as disclosed in United States

Patent Application Publication No. US 2014/0268355 Al. Backlight 40 may be

constructed as disclosed in United States Patent Application Serial No. 14/609,826,

entitled "BACKLIGHTING ASSEMBLY FOR DISPLAY FOR REDUCING CROSS-HATCHING,"

filed by John A. VanderPloeg on January 30, 2015, and United States Provisional

Application No. 62/106,341, entitled "LOW COST OPTICAL FILM STACK," filed by John A.

VanderPloeg et al. on January 22, 2015.

[0026] Referring to FIG. 2, the front polarizer 37 of display module 30 may be a linear

polarizer affixed t o glass substrate 34 such that light exiting the display module 30 is

linearly polarized. The non-extinguishing or high transmission axis of front polarizer 37

may be aligned t o the non-reflecting or high transmission axis of reflective polarizer 25 of

switchable reflective element 20. The reflective or low transmission axis of reflective

polarizer 25 may be orthogonal from the non-reflective or high transmission axis, as is

commonly known in the art. Reflective polarizer 25 may be fixed between glass

substrates 24 and 26 such that a substantially specular reflective layer can be achieved as

disclosed in United States Patent Nos. 7,502,156; 8,282,224; and 8,545,030 and in United

States Patent Application Publication No. US 2010/0277786 Al. Liquid crystal 23,

together with glass substrates 22 and 24, may comprise a twisted nematic LCD cell, as is

commonly known in the art. Polarizer 21 may be a linear polarizer affixed t o glass

substrate 22 such that the non-extinguishing or high transmission axis of polarizer 21

may be aligned t o the non-reflecting or high transmission axis of reflective polarizer 25.

Thus, the high transmission polarization axis of polarizer 21, reflective polarizer 25, and



front polarizer 37 may all be aligned, whereas the reflecting or low transmission axis of

reflective polarizer 25 may be orthogonal to this axis.

[0027] Display mirror assembly 10 may be operable in the mirror mode when the display

module 30 is off, such that backlight 40 is not activated or display element 32 is not

activated, or both backlight 40 and display element 32 are not activated. Switchable

reflective element 20 may be in a high reflectance state, whereby an electrical signal is

not applied to liquid crystal material 23, such that the 90-degree rotation of polarized

light indicative of the twisted nematic LCD remains intact, as is commonly known in the

art. An electrical signal may be applied t o electrochromic cell 12 t o attenuate light

transmitting through electrochromic cell 12 t o switchable reflective element 20.

[0028] Thus, display mirror assembly 10 is operable in the mirror mode when incident

light, which may or may not be attenuated by electrochromic cell 12, proceeds to

polarizer 21. A portion of the light incident on polarizer 21 passes in a linearly polarized

fashion through to liquid crystal material 23. Substantially all of the light incident on

liquid crystal material 23 may rotate 90 degrees as it passes through and proceeds to

reflective polarizer 25. Light incident on reflective polarizer 25 may be aligned t o its

reflecting axis, whereby reflective polarizer 25 may reflect substantially all of the incident

polarized light. Light reflected from reflective polarizer 25 may remain linearly polarized

and proceed in reverse, whereby substantially all of the polarized light incident back on

liquid crystal material 23 may rotate 90 degrees and pass through polarizer 21

substantially uninhibited and may or may not be attenuated by electrochromic cell 12

upon exiting display mirror assembly 10.

[0029] Display mirror assembly 10 may be operable in the display mode when the display

module 30 is on, such that backlight 40 is activated or display element 32 is activated, or

both backlight 40 and display element 32 are activated. Switchable reflective element 20

may be in a low reflectance state, whereby an electrical signal is applied to liquid crystal

material 23, such that the 90-degree rotation of polarized light indicative of the twisted

nematic LCD is temporarily disabled, as is commonly known in the art. An electrical signal

may or may not be applied t o electrochromic cell 12. If not applied, this avoids

attenuating light transmitting from display module 30. Thus, display mirror assembly 10

may be operable in the display mode when linearly polarized light exiting front polarizer



37 passes substantially uninhibited through the non-reflecting or high transmission axis

of reflective polarizer 25, and passes substantially uninhibited through liquid crystal 23,

and passes substantially uninhibited through polarizer 21.

[0030] Further, when display mirror assembly 10 is operable in the display mode,

incident light, which may be, but is preferably not attenuated by electrochromic cell 12,

proceeds to polarizer 21. A portion of the light incident on polarizer 21 passes in a

linearly polarized fashion through t o liquid crystal material 23. Substantially all of the

light incident on liquid crystal material 23 passes through and proceeds t o reflective

polarizer 25 because the 90-degree rotation of polarized light indicative of the twisted

nematic LCD may be temporarily disabled. Light incident on reflective polarizer 25 may

be aligned to its non-reflecting axis, whereby reflective polarizer 25 may absorb

substantially all of the incident polarized light. As previously mentioned, anti-reflective

layers or prismatic wedges 27 and 28 may be provided on the front and rear surfaces of

switchable reflective element 20.

[0031] Referring back t o FIGs. I B and 1C, display mirror assembly 10 has a viewing area,

which includes a front surface 14a of a front transparent substrate 14 of electrochromic

element 12. The viewing area may be a rectangular shape, a trapezoidal shape, or any

custom contoured shape desired for aesthetic reasons. The perimeter of electrochromic

element 12 may also have a ground edge, a beveled edge, or be frameless.

[0032] Display element 32 may be generally planar, with outer edges defining a front

surface. The front surface of display element 32 can be shaped t o correspond to and fit

within the shape of the viewing area of display mirror assembly 10. As illustrated in FIG.

1, display element 32 can have a trapezoidal shape. However, it should be appreciated by

those skilled in the art that display element 32 can have other shapes, such as, but not

limited to, square, rectangular, symmetrical, non-symmetrical, o r contoured. Display

element 32 may have a front surface which fits within, but is not complementary to, the

viewing area of display mirror assembly 10, for example, where the front surface of

display element 32 is generally rectangular and the front surface 14a of electrochromic

cell 12 has a contoured outer perimeter. The distance between the outer edges of display

element 32 and the outer perimeter of electrochromic cell 12 may be about 9 mm or less

along at least a portion of the outer edges of display element 32. Display element 32 may



be a liquid crystal display (LCD), LED, OLED, plasma, DLP or other display technology.

Various types of LCDs can be used, including, but not limited to, twisted nematic (TN), in-

plane switching (IPS), fringe field switching (FFS), vertically aligned (VA), etc.

[0033] FIG. 3 shows an example of the electrical components of display mirror

assembly 10. As shown, display mirror assembly 10 further includes a controller 50, an

electrochromic drive circuit 60, an ambient light sensor 70, and glare light sensor 80.

Ambient light sensor 70 may be positioned on the rear side of housing 35 so as t o

capture ambient light levels forward of the vehicle. Glare light sensor 80 may be

positioned on the front side of housing 35 so as t o capture glare light levels incident on

the front surface of display mirror assembly 10. An optional display switch 306 may also

be provided as described further below with reference t o FIGs. 6A and 6B. Controller 50

is coupled t o each of these elements t o control the operation of display module 30,

electrochromic cell 12, and switchable reflective element 20 in response t o light levels

sensed by ambient light sensor 70 and/or glare light sensor 80. The operation of

controller 50 is described further below with reference t o FIG. 4 .

[0034] Electrochromic drive circuit 60 may have the same construction as conventional

drive circuits used for electrochromic mirror elements.

[0035] As shown in FIG. 4, controller 50 begins this automatic mode selection by

determining a light level (step 102). This may be accomplished by reading the output of

ambient light sensor 70 and/or glare light sensor 80. Then, in step 104, controller 50

determines if the detected light level has exceeded a threshold level. If the threshold is

exceeded (representing daytime conditions), controller 50 automatically selects a display

mode by turning on display module 30 so as t o generate a display of the rearward scene

as captured by rearward facing camera 90, setting switchable reflective element 20 t o a

low reflection state, and clearing electrochromic cell 12 so as t o be in a high transmission

state (step 106). If the threshold is not exceeded (representing night-time conditions),

controller 0 automatically selects a mirror mode by turning off display module 30,

setting switchable reflective element 20 t o a high reflection state, and controlling the

transmission level of electrochromic cell 12 using light sensors 70 and 80 in a manner

similar t o that used for conventional electrochromic mirrors (step 108).



[0036] It will be understood by one having ordinary skill in the art that a manual

selection method may be employed whereby the driver may manually control the

reflection state of the system by pressing a conventional button, switch, lever and the

like. Further, the driver may manually select the reflection state of the system through a

capacitive touch switch, capacitive touch panel, resistive touch panel, gesture recognition

device, proximity sensor, or any human interface device as is commonly known in the art.

After manual actuation, the switchable reflective element may switch back t o its prior

reflective state upon release of the conventional button (or removal of the user's hand

from the assembly as sensed by other listed user-actuation mechanisms) or after a

predetermined time delay after such release.

[0037] Additionally, t o provide information to the viewer of the display mirror

assembly 10, the display mirror assembly 10 may include information regarding a field of

view 178 (FIGs. 1A-1C), such as a partially transmissive graphic overlay or an image on

the display module 30 visible on the viewing area when the display module 30 is in use.

[0038] As shown in Figs. I B and 1C, display mirror assembly 10 may include an optional

actuator device 31 for moving switchable reflective element 20 and optional

electrochromic cell 12 between two distinct viewing positions including a first viewing

position (FIG. 5A) and a second viewing position (FIG. 5B). In addition t o moving

electrochromic cell 12 and switchable reflective element 20, actuator device 31 may also

move display module 30 and/or housing 35.

[0039] It is contemplated that actuator device 31 may take the form of a conventional

actuator device used in prismatic mirrors with the exception that it would be modified t o

provide for tilting the switchable reflective element 20 and optionally electrochromic cell

12 or a prismatic element. Examples of such actuator devices are described in commonly

assigned United States Patent No. 4,443,057; United States Patent Application

Publication No. 2015/0085337 Al; and United States Provisional Application Nos.

62/121,935, 62/121915, 62/121960, and 62/121983. An example of the actuator device

of United States Patent Application Publication No. 2015/0085337 Al is shown in FIGs.

6A and 6B and is described below.

[0040] It is also possible t o use an automated actuator device such as that disclosed in

commonly-assigned United States Patent No. 4,443,057. In this case, the automatic



actuator device could move the switchable reflective element 20 and optionally

electrochromic cell 12 or a prismatic element between the first and second viewing

positions based upon sensed light levels forward and optionally rearward of the display

mirror assembly using ambient light sensor 70 and/or glare light sensor 80.

[0041] As shown in FIGs. 2, 5A and 5B, a primary reflected image 17a of a

rearward scene 17 is reflected from reflective polarizer 25 of switchable reflective

element 20. When in the first viewing position (FIGs. 2 and 5A), switchable reflective

element 20 is positioned t o reflect the primary reflected image 17a towards a viewer's

eyes 13. This is the ideal position when display mirror assembly 10 is operating in the

mirror mode. However, in the display mode, even when switchable reflective element 20

is set t o a low reflective, high transmission state, a small percent of an image of the

rearward scene is still reflected at the driver's eyes 13, which may cause some degree of

interference with the image 18 from display module 30. Thus, the second viewing

position is provided by way of actuator device 31 wherein electrochromic cell 12 and

switchable reflective element 20 are positioned (by tilting upward) such that a reflected

image 46b of ambient light 46 reflected 46a from a headliner 45 of the vehicle is

reflected towards the viewer's eyes and the primary reflected image 17a of the rearward

scene 17 is not reflected towards the viewer's eyes 13. Because the reflected image 46b

of the headliner 45 is of a uniform contrast and appearance, it does not interfere with

the displayed image 18 from display module 30.

[0042] With reference t o FIGS. 6A and 6B, an actuator device is illustrated in the

form of a bi-modal switch 31 whose functionality consists of the interaction between the

mounting member 39, a mounting member plate 334, a first pivot axis 300, a second

pivot axis 302, a bi-modal switch spring 304, the bi-modal switch 31, a primary PCB 328

(on which controller 50 may be mounted), an optional display switch 306, the rear

housing 35, the switchable reflective element 20, the electrochromic cell 12, and the

display module 30. In this embodiment, the switchable reflective element 20, the

electrochromic cell 12, and the display module 30 are rigidly attached t o the rear

housing 35. The first pivot axis 300 is defined by a cylindrical rotation member disposed

between the rear housing 35 and the mounting member plate 334. The second pivot axis

302 is defined by a cylindrical rotation member disposed between the rear housing 35



and the bi-modal switch 31. The bi-modal switch 31 rotates about the second pivot axis

302 when the bi-modal switch 31 is moved from the on position to the off position.

During the rotation of the bi-modal switch 31, the mounting member 39 and the

mounting member plate 334 do not move relative to the observer of the display mirror

assembly 10. However, the rear housing 35, the switchable reflective element 20, the

electrochromic cell 12, the display module 30, and the primary PCB 328 rotate around

the first pivot axis 300. The bi-modal switch 31 rotates approximately 75 t o 105 degrees

around the second pivot axis 302. The distance from the center of the second pivot axis

302 t o a spring receiving area 308 of the bi-modal switch 31 and the bi-modal switch

spring 304 is fairly small when compared to the distance between the first pivot axis 300

and the spring receiving area 308 between the bi-modal switch 31 and the bi-modal

switch spring 304. The difference in distances between the first pivot axis 300 and the

second pivot axis 302 causes a rotation of the rear housing 30 of approximately 2 to

7 degrees when the bi-modal switch 31 is rotated 75 t o 110 degrees. Optional display

switch 306 is rigidly mounted to the primary PCB 328 with a predetermined distance

between the mounting member plate 334 and the display switch 306, such that when the

bi-modal switch 31 is in the second viewing position (FIG. 6A), the display switch 306 is

not depressed and the display module 30 is turned on, and when the bi-modal switch 31

is in the first viewing position (FIG. 6B), the display switch 306 is depressed thereby

turning off the display module 30.

With reference again t o FIGs. 6A and 6B, the rotation of the bi-modal switch 31

generally performs two functions, the first of which is rotating the switchable reflective

element 20 between 2 and 7 degrees, and the second of which is to move the display

switch 306 between depressed and not depressed deactivated) positions, which switches

the display module 30 off and on, depending on the mode. It should be appreciated,

however, that display switch 306 may be eliminated if controller 50 is responsive to

ambient light sensed by ambient light sensor 70 t o automatically turn display module 30

on and off. On the other hand, if display switch 306 is provided, it may be used t o control

the state of switchable reflective element 20 and potentially affect the state of

electrochromic cell 12. Alternatively, controller 50 may automatically change the mode



of display mirror assembly 10 in response to the ambient light and display switch 306

may be used as a manual override.

[0044] It will be appreciated that the controller 50 described herein may be comprised of

one or more conventional processors and unique stored program instructions that

control one or more processors t o implement, in conjunction with certain non-processor

circuits, some, most, or all of the functions of a display mirror assembly 10, as described

herein. The non-processor circuits may include, but are not limited to signal drivers, clock

circuits, power source circuits, and/or user input devices. As such, these functions may be

interpreted as steps of a method used in using or constructing a classification system.

Alternatively, some or all functions could be implemented by a state machine that has no

stored program instructions, or in one or more application specific integrated circuits

(ASICs), in which each function or some combinations of certain functions are

implemented as custom logic. Of course, a combination of the two approaches could be

used. Thus, the methods and means for these functions have been described herein.

Further, it is expected that one of ordinary skill, notwithstanding possibly significant

effort and many design choices motivated by, for example, available time, current

technology, and economic considerations, when guided by the concepts and principles

disclosed herein, will be readily capable of generating such software instructions and

programs and ICs with minimal experimentation.

[0045] It will be understood by one having ordinary skill in the art that construction of

the described invention and other components is not limited to any specific material.

Other exemplary embodiments of the invention disclosed herein may be formed from a

wide variety of materials, unless described otherwise herein.

[0046] For purposes of this disclosure, the term "coupled" (in all of its forms, couple,

coupling, coupled, etc.) generally means the joining of two components (electrical or

mechanical) directly or indirectly t o one another. Such joining may be stationary in

nature or movable in nature. Such joining may be achieved with the two components

(electrical or mechanical) and any additional intermediate members being integrally

formed as a single unitary body with one another or with the two components. Such

joining may be permanent in nature or may be removable or releasable in nature unless

otherwise stated.



[0047] It is also important to note that the construction and arrangement of the

elements of the invention as shown in the exemplary embodiments is illustrative only.

Although only a few embodiments of the present innovations have been described in

detail in this disclosure, those skilled in the art who review this disclosure will readily

appreciate that many modifications are possible (e.g., variations in sizes, dimensions,

structures, shapes and proportions of the various elements, values of parameters,

mounting arrangements, use of materials, colors, orientations, etc.) without materially

departing from the novel teachings and advantages of the subject matter recited. For

example, elements shown as integrally formed may be constructed of multiple parts or

elements shown as multiple parts may be integrally formed, the operation of the

interfaces may be reversed or otherwise varied, the length or width of the structures

and/or members or connector or other elements of the system may be varied, the nature

or number of adjustment positions provided between the elements may be varied. It

should be noted that the elements and/or assemblies of the system may be constructed

from any of a wide variety of materials that provide sufficient strength or durability, in

any of a wide variety of colors, textures, and combinations. Accordingly, all such

modifications are intended t o be included within the scope of the present innovations.

Other substitutions, modifications, changes, and omissions may be made in the design,

operating conditions, and arrangement of the desired and other exemplary embodiments

without departing from the spirit of the present innovations.

[0048] Modifications of the invention will occur to those skilled in the art and t o those

who make or use the invention. Therefore, it is understood that the embodiments

shown in the drawings and described above are merely for illustrative purposes and not

intended to limit the scope of the invention, which is defined by the following claims as

interpreted according t o the principles of patent law, including the doctrine of

equivalents.



CLAIMS

What is claimed is:

1. A display mirror assembly for a vehicle comprising:

an ambient light sensor for sensing an ambient light level and outputting an

ambient light signal representative of the sensed ambient light level;

a switchable reflective element that changes states between a high reflection

mode and a low reflection mode;

an electrochromic cell positioned in front of said switchable reflective element for

variably attenuating light reflected from said switchable reflective element;

a display positioned behind said switchable reflective element for generating a

displayed image visible through said switchable reflective element and said

electrochromic cell; and

a controller in communication with said ambient light sensor, said electrochromic

cell, said switchable reflective element, and said display, said controller compares the

ambient light signal t o a threshold level, wherein:

if the ambient light signal exceeds the threshold level, said controller activates

said display, sets said switchable reflective element to the low reflection mode and sets

said electrochromic cell t o a clear state with minimum attenuation, and

if the ambient light signal does not exceed the threshold level, said controller

deactivates said display, sets said switchable reflective element to the high reflection

mode and varies attenuation by said electrochromic cell.

2. The display mirror assembly of claim 1, and further comprising a glare light sensor

for sensing glare light levels from the rear of the vehicle, wherein said controller varies

attenuation by said electrochromic cell in response to light levels sensed by said glare

light sensor.

3. The display mirror assembly of any one of claims 1 and 2, and further comprising

an anti-reflection coating provided on at least one of the front and rear sides of said

switchable reflective element.



4 . The rearview mirror assembly of any one of claims 1-3, wherein said switchable

reflective element is a switchable liquid crystal reflective element.

5 . The rearview mirror assembly of any one of claims 1-4, wherein said display is a

liquid crystal display.

6. The rearview mirror assembly of any one of claims 1-5, and further comprising:

a housing configured for attachment to a vehicle and for housing at least said

switchable reflective element, said electrochromic cell, and said display; and

an actuator device for moving said switchable reflective element between two

distinct viewing positions including a first viewing position and a second viewing position,

wherein a primary reflected image of a rearward scene is reflected from said

switchable reflective element,

wherein:

when in the first viewing position, said switchable reflective element is

positioned to reflect the primary reflected image towards a viewer's eyes,

when in the second viewing position, said switchable reflective element is

positioned such that a reflected image of a headliner of the vehicle is reflected

towards the viewer's eyes and the primary reflected image is not reflected

towards the viewer's eyes, and

said display is turned on when said switchable reflective element is in the

second viewing position and is turned off when said switchable reflective element

is in the first viewing position.

7 . A display mirror assembly for a vehicle comprising:

an ambient light sensor for sensing an ambient light level and outputting an

ambient light signal representative of the sensed ambient light level;

a switchable reflective element that changes states between a high reflection

mode and a low reflection mode;



a display positioned behind said switchable reflective element for generating a

displayed image visible through said switchable reflective element; and

a controller in communication with said ambient light sensor, said switchable

reflective element, and said display, said controller compares the ambient light signal t o

a threshold level, wherein:

if the ambient light signal exceeds the threshold level, said controller activates

said display and sets said switchable reflective element to the low reflection mode, and

if the ambient light signal does not exceed the threshold level, said controller

deactivates said display and sets said switchable reflective element to the high reflection

mode.

8 . The rearview mirror assembly of claim 7, and further comprising an

electrochromic cell positioned in front of said switchable reflective element for variably

attenuating light reflected from said switchable reflective element.

9 . The display mirror assembly of any one of claims 7 and 8, and further comprising

an anti-reflection coating provided on at least one of the front and rear sides of said

switchable reflective element.

10. The rearview mirror assembly of any one of claims 7-9, wherein said switchable

reflective element is a switchable liquid crystal reflective element.

11. The rearview mirror assembly of any one of claims 7-10, wherein said display is a

liquid crystal display.

12. The rearview mirror assembly of any one of claims 7-12, and further comprising:

a housing configured for attachment to a vehicle and for housing at least said

switchable reflective element and said display; and

an actuator device for moving said switchable reflective element between two

distinct viewing positions including a first viewing position and a second viewing position,



wherein a primary reflected image of a rearward scene is reflected from said

switchable reflective element,

wherein:

when in the first viewing position, said switchable reflective element is

positioned to reflect the primary reflected image towards a viewer's eyes,

when in the second viewing position, said switchable reflective element is

positioned such that a reflected image of a headliner of the vehicle is reflected

towards the viewer's eyes and the primary reflected image is not reflected

towards the viewer's eyes, and

said display is turned on when said switchable reflective element is in the

second viewing position and is turned off when said switchable reflective element

is in the first viewing position.

13. A display mirror assembly for a vehicle comprising:

a housing configured for attachment to a vehicle;

a switchable reflective element disposed in said housing for changing states

between a high reflection mode and a low reflection mode;

a display positioned in said housing behind said switchable reflective element for

generating a displayed image visible through said switchable reflective element; and

an actuator device for moving said switchable reflective element between two

distinct viewing positions including a first viewing position and a second viewing position,

wherein a primary reflected image of a rearward scene is reflected from said

switchable reflective element, and

wherein:

when in the first viewing position, said switchable reflective element is

positioned to reflect the primary reflected image towards a viewer's eyes,

when in the second viewing position, said switchable reflective element is

positioned such that a reflected image of a headliner of the vehicle is reflected

towards the viewer's eyes and the primary reflected image is not reflected

towards the viewer's eyes, and



said display is turned on when said switchable reflective element is in the

second viewing position and is turned off when said switchable reflective element

is in the first viewing position.

14. The display mirror assembly of claim 13, wherein said actuator device also moves

said display with said switchable reflective element.

15. The display mirror assembly of any one of claims 13 and 14, wherein said actuator

device also moves said housing with said switchable reflective element.

16. The display mirror assembly of any one of claims 13-15, and further comprising an

electrochromic element disposed in said housing in front of said switchable reflective

element for variably attenuating light reflected from said switchable reflective element.

17. The display mirror assembly of claim 16, wherein said actuator device also moves

said electrochromic cell with said switchable reflective element.

18. The display mirror assembly of any one of claims 13-17, wherein said actuator

device is a bi-modal switch.

19. The display mirror assembly of any one of claims 13-18, wherein said housing has

an aperture defining a viewing area and wherein said display is configured to display an

image having substantially the same size and shape as the viewing area.

20. The display mirror assembly of any one of claims 13-19, and further comprising:

an ambient light sensor for sensing an ambient light level and outputting an

ambient light signal representative of the sensed ambient light level; and

a controller in communication with said ambient light sensor, said switchable

reflective element, and said display, said controller compares the ambient light signal t o

a threshold level, wherein:



if the ambient light signal exceeds the threshold level, said controller activates

said display and sets said switchable reflective element to the low reflection mode, and

if the ambient light signal does not exceed the threshold level, said controller

deactivates said display and sets said switchable reflective element to the high reflection

mode.
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