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(57) ABSTRACT 

An interior rearvieW mirror system for a vehicle includes an 
interior rearvieW mirror assembly and a control having con 
trol circuitry. An information display is disposed behind a 
trans?ective re?ective element to display information that is 
viewable through the trans?ective re?ector by a driver of a 
vehicle When the information display is displaying informa 
tion. A mounting structure mounts the mirror casing to an 
interior portion of the vehicle, and the mirror casing is adjust 
able relative to the interior portion of the vehicle via at least 
one pivot element of the mounting structure. The control 
circuitry includes a photosensor and the control controls dim 
ming of the electrochromic medium responsive to detection 
of light by the photosensor. Electrical Wiring connects to at 
least a portion of the control circuitry that is disposed Within 
the mirror casing. The electrical Wiring passes through the 
pivot element of the mounting structure. 

28 Claims, 5 Drawing Sheets 
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INTERIOR REARVIEW MIRROR SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The present application is a continuation of US. patent 
application Ser. No. 12/370,043, ?led Feb. 12, 2009, now 
US. Pat. No. 7,600,878, Which is a continuation of US. 
patent application Ser. No. 12/029,073, ?led Feb. 11, 2008, 
now US. Pat. No. 7,490,944, Which is a continuation ofU.S. 
patent application Ser. No. 11/305,637, ?led Dec. 16, 2005, 
now US. Pat. No. 7,329,013, Which claims bene?t of US. 
provisional application Ser. No. 60/636,931, ?led Dec. 17, 
2004, and US. patent application Ser. No. 11/305,637 is a 
continuation-in-part of US. patent application Ser. No. 
10/456,599, ?led Jun. 6, 2003 by Weller et al. for INTERIOR 
REARVIEW MIRROR SYSTEM WITH COMPASS, now 
US. Pat. No. 7,004,593, Which claims the bene?t of US. 
provisional applications Ser. No. 60/420,010, ?led Oct. 21, 
2002; Ser. No. 60/398,240, ?led Jul. 24, 2002; and Ser. No. 
60/386,373, ?led Jun. 6, 2002, Which are all hereby incorpo 
rated herein by reference in their entireties. 

FIELD OF THE INVENTION 

The present invention relates generally to interior rearvieW 
mirror assemblies for vehicles and, more particularly, to an 
interior rearvieW mirror assembly Which includes a compass 
system. 

BACKGROUND OF THE INVENTION 

Interior rearvieW mirror assemblies Which include a direc 
tional or compass display are knoWn, such as the types dis 
closed in US. Pat. No. 5,802,727, Which is hereby incorpo 
rated herein by reference. Typically, such mirror assemblies 
include a compass sensor, such as a magnetoresistive sensor, 
a magneto capacitive sensor, a magnetoinductive sensor, a 
Hall effect sensor, or a ?ux gate sensor or the like, Which is 
?xedly attached to the mirror mount that attaches the mirror 
assembly to a mirror assembly mounting element, such as a 
conventional mounting button mounted on an interior surface 
of the Windshield of the vehicle. The mirror assemblies also 
include processing circuitry and a compass information dis 
play, typically included in the interior mirror casing (that 
includes the mirror re?ector) Which is pivotally adjustable by 
the driver to suit his or her rearWard ?eld of vieW. 

Predominantly, compass mirror assemblies in the market 
today involve the ?xed placement of the compass sensor (and 
any locally associated sensor circuitry), such as at the mirror 
mount Where the mirror attaches to the Windshield or head 
liner of the vehicle. The compass system typically involves a 
cable/hamess connection to the processing circuitry (Which is 
typically in the pivotable housing of the mirror assembly), 
Which may include the compass compensation circuitry and 
the like, Which feeds or connects to a display (such as a 
vacuum ?uorescent (VF) display or the like) that is typically 
included in the adjustable mirror casing (such as behind the 
re?ective element so as to display from behind and through 
the re?ective element, or at an eyebroW or chin region of the 
beZel area of the mirror casing). The display then typically 
displays an output of the directional heading of the vehicle to 
the driver or passenger of the vehicle, such as an eight point 
display, such as N, S, E, W, NE, NW, SE, SW, or the like. 

It has been proposed in the art to mount the compass sensor 
Within the movable housing of the rearvieW mirror assembly. 
Processes have also been proposed to compensate for move 
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2 
ment of the sensor during normal use of the mirror, such as 
When the mirror head or casing is adjusted by the driver. Such 
proposed systems, such as described in US. Pat. Nos. 6,140, 
933 and 6,023,229, Which are hereby incorporated herein by 
reference, are often implemented With a specially adapted 
single ball mount or single pivot mirror assembly. Such com 
pass mirror assemblies can be costly and often involve special 
tooling and complicated adaptation of the mirror assembly 
itself and the casing of the mirror assembly. Also, such com 
pass systems as described in the patents referenced above are 
not readily adapted for use With double ball or double pivot 
mirror assemblies. Other compass systems and compass 
compensation systems, such as the types described in US. 
Pat. Nos. 4,581,827; 5,339,529; 5,455,716; 5,699,044; 5,737, 
226; and 5,808,197, and/orin PCT Publication No. WO 2004/ 
076971 A2, published Sep. 10, 2004; and/or in PCT Publica 
tion No. WO 2003/044540 A2, published May 30, 2003; 
and/or in PCT Publication No. WO 2003/074969 A3, pub 
lished Sep. 12, 2003 (Which are all hereby incorporated 
herein by reference), may be implemented in interior rear 
vieW mirror assemblies, but may be costly and dif?cult to 
implement Within the movable mirror head of an interior 
rearvieW mirror assembly With a single or double ball mount 
ing arrangement. 

Therefore, there is a need in the art for an interior rearvieW 
mirror assembly having a compass system associated there 
With that overcomes the shortcomings of the prior art. 

SUMMARY OF THE INVENTION 

The present invention is intended to provide an interior 
rearvieW mirror system Which includes a compass system 
having a display Which indicates the general direction in 
Which the vehicle is traveling. 

According to an aspect of the present invention, a mirror 
and compass system includes an interior rearvieW mirror 
assembly having a re?ective element and a casing that are 
adjustable relative to a mounting structure. A compass sensor 
having at least tWo magnetoresponsive sensing elements is 
positioned Within the mirror casing and at a position and 
orientation that reduces the effect of adjustment of the mirror 
on the compass sensor output. 
The compass sensor is preferably positioned at a generally 

central location of the mirror and at or near the centerline of 
the mirror head. Preferably, the compass sensor is positioned 
at or near a loWer region of the mirror casing to position the 
sensor remotely from the roof of the vehicle and any Wiring or 
lights or the like that may be positioned at the roof of the 
vehicle, in order to reduce the effect of such items on the 
compass sensor performance. 

Preferably, the compass sensor is oriented such that one of 
the sensing elements is generally along a longitudinal axis of 
the vehicle and the other sensing element is generally along a 
cross car axis of the vehicle When the mirror is oriented at a 
typical in-use position (such as at an angle of about 20 degrees 
rotation toWard the driver side and at an angle of about 9 
degrees tilt doWnWard). Optionally, the system may deter 
mine When a prismatic mirror is ?ipped or toggled betWeen 
the daytime and nighttime orientations and may compensate 
or adjust the processing of the compass sensor output to 
compensate for the knoWn movement (such as about 41/2 
degrees upWard or doWnWard) of the mirror head/re?ective 
element and compass sensor. 

Optionally, the compass sensor may be positioned in close 
proximity to the mirror ball of the mounting arm (the ball that 
is received in the socket at the mirror casing or re?ective 
element or toggle portion of the mirror assembly) so as to 
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reduce movement of the compass sensor When the mirror is 
adjusted, in order to reduce the effects of mirror adjustment 
on the compass sensor performance. Optionally, the compass 
sensor may be generally ?xedly positioned relative to the 
mirror ball of the mounting arm so that the compass sensor is 
generally ?xed and do not move during adjustments of the 
mirror head/re?ective element When the driver grasps and 
moves the mirror head/re?ective element to adjust to his or 
her preferred ?eld of vieW rearWard through the rear WindoW 
of the vehicle. 

Optionally, the mirror and compass system may operate to 
enter a rapid compensating and aggressive calibration mode 
in response to a detection of an abrupt movement of the mirror 
head and compass sensor. The system may determine When 
such an abrupt movement is indicative of a mirror adjustment 
(such as an adjustment betWeen the daytime and nighttime 
orientations for a prismatic mirror or an adjustment of the 
mirror by a person Who has just entered the vehicle or started 
the vehicle ignition), and then may enter the aggressive cali 
bration mode in response to such a determination. The system 
thus may discern, such as algorithmically via softWare and/or 
aided via a movement/mechanical adjust detector/ sensor ele 
ment, betWeen a change in sensor output that is indicative of 
a mirror adjustment and a change in sensor output that is 
indicative of a change in vehicle direction and may enter the 
aggressive calibration mode When the change in sensor output 
is indicative of a mirror adjustment. Such a mirror adjustment 
typically occurs rapidly (such as in less than one second) and 
has a predictable range and/or direction, so that the compass 
system can discern When a change in sensor output is indica 
tive of a mirror adjustment versus a detection of a magnetic 
?eld anomaly or the like or versus a change in directional 
heading of the vehicle. 

According to another aspect of the present invention, an 
interior rearvieW mirror system for a vehicle includes an 
interior rearvieW mirror assembly, a casing having a re?ective 
element, a compass sensor and a control. The casing is adjust 
able relative to a mounting structure that mounts the interior 
rearvieW mirror assembly to an interior portion of the vehicle. 
The compass sensor has a ?rst magnetoresponsive sensing 
element and a second magnetoresponsive sensing element. 
The compass sensor is disposed Within the mirror casing. The 
control receives a ?rst signal indicative of a magnetic ?eld 
sensed by the ?rst magnetoresponsive sensing element and 
receives a second signal indicative of a magnetic ?eld sensed 
by the second magnetoresponsive sensing element. The con 
trol determines a directional heading of the vehicle based on 
the ?rst and second signals. The control automatically com 
pensates for a deviating magnetic ?eld of the vehicle and 
generates a signal indicative of the directional heading of the 
vehicle. The control determines that the casing is adjusted by 
an occupant of the vehicle in response to a change in the ?rst 
and second signals being indicative of an abrupt movement of 
the casing about the mounting structure by an occupant of the 
vehicle (such as When the driver or occupant of the vehicle 
adjusts the mirror re?ective element to provide a desired 
re?ector rearWard ?eld of vieW). The control is operable to 
enter a rapid compensating mode to compensate for the mir 
ror adjustment in response to the control determining that the 
casing is adjusted by an occupant of the vehicle. 

According to another aspect of the present invention, an 
interior rearvieW mirror system for a vehicle includes an 
interior rearvieW mirror assembly, a casing having a re?ective 
element, a compass sensor and a control. The casing is adjust 
able relative to a mounting structure that mounts the interior 
rearvieW mirror assembly to an interior portion of the vehicle. 
The compass sensor has a ?rst magnetoresponsive sensing 
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4 
element and a second magnetoresponsive sensing element. 
The compass sensor is disposed Within the mirror casing. The 
control receives a ?rst signal indicative of a magnetic ?eld 
sensed by the ?rst magnetoresponsive sensing element and a 
second signal indicative of a magnetic ?eld sensed by the 
second magnetoresponsive sensing element. The control 
determines a directional heading of the vehicle based on the 
?rst and second signals and automatically compensates for a 
deviating magnetic ?eld of the vehicle and generates a signal 
indicative of the directional heading of the vehicle. The con 
trol is operable to enter a rapid compensating mode in 
response to an ignition cycle of the vehicle. The control 
automatically exits the rapid compensating mode and enters a 
less aggressive calibration mode that distinguishes the 
Earth’s magnetic ?eld from magnetic anomalies and non 
abrupt changes in the vehicle magnetic signature. The control 
automatically exits the rapid compensating mode after a pre 
determined period of time has elapsed since the ignition 
cycle. 

Therefore, the present invention provides a mirror and 
compass system that positions the compass sensor Within the 
movable head portion of the mirror assembly. The compass 
sensor is positioned in a manner that reduces the effects of 
mirror adjustment on the sensor performance. The system 
may adjust processing in response to known movements of 
the mirror head to compensate for such known movements. 
The system may enter an aggressive calibration mode to 
calibrate the compass sensor When the mirror has been 
adjusted by a user. The compass system may distinguish 
betWeen the anomaly signature or pattern and the mirror 
adjustment signature or pattern and may enter the calibration 
mode When the mirror adjustment is detected. 

These and other objects, advantages, purposes and features 
of the present invention Will become apparent upon revieW of 
the folloWing speci?cation in conjunction With the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a forWard facing elevation of an interior rearvieW 
mirror assembly in accordance With the present invention, as 
facing forWard With respect to a direction of travel of a 
vehicle; 

FIG. 2 is a forWard facing elevation of a interior rearvieW 
mirror assembly of the present invention; 

FIG. 3 is a sectional vieW of the interior rearvieW mirror 
assembly taken along the line III-III in FIG. 2; 

FIG. 4 is a top plan vieW of the interior rearvieW mirror 
assembly of the present invention; 

FIG. 5 is a sectional vieW of the interior rearvieW mirror 
assembly of FIG. 4; 

FIG. 6 is a sectional vieW of another interior rearvieW 
mirror assembly in accordance With the present invention; 
and 

FIG. 7 is a sectional vieW of another interior rearvieW 
mirror assembly and mounting assembly in accordance With 
the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring noW to the draWings and the illustrative embodi 
ments depicted therein, a compassiZed prismatic interior rear 
vieW mirror assembly or system 10 includes a double pivot or 
double ball mounting arrangement 12 for pivotally or adjust 
ably mounting a casing 14, beZel portion 15 and prismatic 
re?ective element 16 of mirror assembly 10 relative to an 
interior portion of a vehicle, such as to an interior surface of 
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a Windshield 11 of a vehicle or the like (FIGS. 1-3). The 
mirror assembly 10 includes a compass system 18, Which 
includes a magnetoresponsive compass sensor 20 and a dis 
play 22 for providing a display or indication of the directional 
heading of the vehicle, such as at the re?ective element 16 of 
the mirror. 

The mirror casing or housing 14 may comprise a polypro 
pylene material or the like and is adjustably mounted to a 
mirror mount (not shoWn) positioned at an interior portion of 
a vehicle, such as a mirror mounting button on a Windshield of 
the vehicle or any other mounting member at the Windshield 
or at a headliner or overhead console of the vehicle or the like. 
The mirror housing may be adjustably mounted at the vehicle 
via connection to a single or double ball mounting arrange 
ment, or via connection to any other mounting arrangement, 
Without affecting the scope of the present invention. The 
mirror housing 14 may then pivot or actuate around one or 
more ball and socket joints or connections to be adjusted 
relative to the interior portion of the vehicle to a desired 
orientation by the driver of the vehicle. 
As shoWn in FIGS. 1 and 3, the double ball or double pivot 

mirror mounting arrangement 12 includes a mounting arm 
1211 Which is pivotally mounted at opposite ends to a mirror 
mount 12b (mounted at the Windshield or headliner of the 
vehicle, such as at a mounting button at the interior surface of 
the vehicle) and a mirror casing mount 12c. Examples of 
double pivot or double ball mounting arrangements are 
described in commonly assigned US. Pat. Nos. 4,646,210 
and 6,331,066, Which are hereby incorporated herein by ref 
erence. Preferably, the mirror mounting components provide 
a breakaWay type connection or mount, such as the types 
disclosed in US. Pat. Nos. 6,774,810; 6,642,851; 6,483,438; 
6,366,213; 6,326,900; 6,222,460; 6,172,613; 6,087,953; 
5,820,097; 5,377,949; and/or 5,330,149, Which are hereby 
incorporated herein by reference. Optionally, the mirror 
assembly may incorporate a mounting arrangement of the 
types described in US. provisional applications Ser. No. 
60/692,113, ?led Jun. 20, 2005; Ser. No. 60/677,990, ?led 
May 5, 2005; Ser. No. 60/653,787, ?led Feb. 17, 2005; Ser. 
No. 60/642,227, ?led Jan. 7, 2005; Ser. No. 60/638,250, ?led 
Dec. 21, 2004; Ser. No. 60/624,091, ?led Nov. 1, 2004, and 
Ser. No. 60/609,642, ?led Sep. 14, 2004; and Ser. No. 60/729, 
430, ?led Oct. 21, 2005 by Hook for MOUNTING ASSEM 
BLY FOR VEHICLE INTERIOR MIRROR; and/or PCT 
Application No. PCT/US04/015424, ?led May 18, 2004 by 
Donnelly Corp. et al. for MIRROR ASSEMBLY FOR 
VEHICLE, and published on Dec. 2, 2004, as International 
Publication No. WO 2004/ 103772; and US. patent applica 
tion Ser. No. 10/933,842, ?led Sep. 3, 2004, now US. Pat. No. 
7,249,860; and/or Ser. No. 11/226,628, ?led Sep. 14, 2005, 
Which are hereby incorporated by reference herein. Option 
ally, and as shoWn in FIGS. 3-5, the mounting arrangement 
may comprise a single ball mounting arrangement, Without 
affecting the scope of the present invention. 

In the illustrated embodiment, the re?ective element 16 
comprises a prismatic re?ective element. The prismatic inte 
rior rearvieW mirror assembly may comprise any type of 
prismatic interior rearvieW mirror assembly, such as the types 
described in US. Pat. Nos. 6,318,870; 6,598,980; 5,327,288; 
4,948,242; 4,826,289; 4,436,371; and 4,435,042; and PCT 
Application No. PCT/US2004/015424, ?led May 18, 2004 
by Donnelly Corporation et al. for MIRROR ASSEMBLY 
FOR VEHICLE, and published on Dec. 2, 2004, as Intema 
tional Publication No. WO 2004/ 103772; and US. patent 
application Ser. No. 10/933,842, ?led Sep. 3, 2004 by Kulas 
et al. for INTERIOR REARVIEW MIRROR ASSEMBLY, 
now US. Pat. No. 7,249,860, Which are hereby incorporated 
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6 
herein by reference. Optionally, the prismatic re?ective ele 
ment may comprise a conventional prismatic re?ective ele 
ment or prism or may comprise a prismatic re?ective element 
of the types described in US. patent application Ser. No. 
10/528,269, ?led Mar. 17, 2005, now US. Pat. No. 7,274, 
501; Ser. No. 10/709,434, ?led May 5, 2004 by Lynam for 
MIRROR REFLECTIVE ELEMENT, now US. Pat. No. 
7,420,756; Ser. No. 10/933,842, ?led Sep. 3, 2004 by Kulas et 
al. for INTERIOR REARVIEW MIRRORASSEMBLY, now 
US. Pat. No. 7,249,860; Ser. No. 11/021,065, ?led Dec. 23, 
2004, now US. Pat. No. 7,255,451; and/or Ser. No. 10/993, 
302, ?led Nov. 19, 2604 by Lynam for MIRROR REFLEC 
TIVE ELEMENT FOR A VEHICLE, now US. Pat. No. 
7,338,177; and/or PCT Application No. PCT/US03/29776, 
?led Sep. 19, 2003 by Donnelly Corp. et al, for MIRROR 
REFLECTIVE ELEMENT ASSEMBLY; and/ or PCT Appli 
cation No. PCT/US2004/01 5424, ?led May 18,2004 by Don 
nelly Corporation et al. for MIRROR ASSEMBLY FOR 
VEHICLE, and published on Dec. 2, 2004, as International 
Publication No. WO 2004/ 103772; and US. provisional 
application Ser. No. 60/525,952, ?led Nov. 26, 2003 by 
Lynam for MIRROR REFLECTIVE ELEMENT FOR A 
VEHICLE, Which are all hereby incorporated herein by ref 
erence, Without affecting the scope of the present invention. A 
variety of mirror accessories and constructions are knoWn in 
the art, such as those disclosed in US. Pat. Nos. 5,555,136; 
5,582,383; 5,680,263; 5,984,482; 6,227,675; 6,229,319; and 
6,315,421 (the entire disclosures of Which are hereby incor 
porated by reference herein), that can bene?t from the present 
invention. 
The prismatic re?ective element 16 may be formed from 

various materials such as plastic or glass, but preferably is 
glass, and preferably has a planar front surface 16a extending 
at an angle to a planar rear surface 16b (FIG. 3). Rear surface 
16b is preferably coated With a re?ective layer of metal such 
as chromium, aluminum or alloys thereof as is conventionally 
knoWn in the industry. The mirror casing 14 is pivotable 
relative to mounting arm 12a and mirror mount 12b to pivot 
the re?ective element 16 in order to reduce glare during 
nighttime conditions. When the mirror casing is pivoted (such 
as via adjustment or movement of a toggle tab or actuator 24) 
from a full re?ectivity daytime position to a reduced re?ec 
tivity nighttime position, the re?ective surface 16b is rotated 
or pivoted such that the uncoated front surface 16a of re?ec 
tive element 16 is aligned for vieWing by the vehicle driver 
instead of re?ective surface 16b. Preferably, re?ective surface 
16b re?ects at least about 60 percent to 95 percent of the light 
incident thereon, While the uncoated front surface 1 6a re?ects 
about 4 percent of the light incident thereon, such that the 
re?ective element signi?cantly reduces glare from headlights 
or other bright lights rearWard of the vehicle to the driver’s 
eyes When pivoted to the nighttime position. Although shoWn 
and described as having a prismatic re?ective element, it is 
envisioned that many aspects of the present invention may be 
equally suitable and applicable to electro-optic or electro 
chromic interior rearvieW mirror assemblies having electro 
optic or electrochromic re?ective elements, such as described 
beloW. 
As shoWn in FIGS. 4 and 5, When installed in the vehicle 

and adjusted for vieWing by a typical siZed driver, the re?ec 
tive element 16 is angled approximately 20 to 22 degrees 
toWard the driver side (from a longitudinal axis 26 of the 
vehicle) and approximately 9 degrees doWnWard (from a 
generally horizontal plane 28) toWard the ?oor of the vehicle. 
This is the nominal or typical position of the re?ective ele 
ment When set to the daytime orientation. When the toggle 24 
is ?ipped to set the re?ective element to the nighttime orien 
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tation, the mirror head (including the re?ective element and 
casing and circuit board and circuitry) is pivoted about 41/2 
degrees or thereabouts upward or doWnWard. Typically, prism 
?ip angles range from about 3% degrees to about 5 degrees, 
and most typically are about 41/4 to about 41/2 degrees. 

The compass sensor 20 of compass system 18 functions to 
detect a directional heading of the vehicle relative to the 
Earth’s magnetic ?eld, as is knoWn in the art. The compass 
system and sensor may utiliZe aspects of the compass systems 
described in US. patent application Ser. No. 10/352,691, 
?led J an. 28, 2003 by Schierbeek et al. for VEHICLE COM 
PASS COMPENSATION, now US. Pat. No. 6,922,902; Ser. 
No. 10/933,842, ?led Sep. 3, 2004 by Kulas et al. for INTE 
RIOR REARVIEW MIRROR ASSEMBLY, now US. Pat. 
No. 7,249,860; and/or Ser. No. 10/456,599, ?led Jun. 6, 2003 
by Weller et al. for INTERIOR REARVIEW MIRROR SYS 
TEM WITH COMPASS, now US. Pat. No. 7,004,593, and/or 
US. Pat. Nos. 4,546,551; 5,699,044; 4,953,305; 5,576,687; 
5,632,092; 5,677,851; 5,708,410; 5,737,226; 5,802,727; 
5,878,370; 6,087,953; 6,173,508; 6,222,460; 6,513,252; and 
6,642,851, and/or PCT Application No. PCT/US2004/ 
015424, ?led May 18, 2004 by Donnelly Corp. et al. for 
MIRROR ASSEMBLY FOR VEHICLE, and published on 
Dec. 2, 2004, as International Publication No. WO 2004/ 
103772, and/or European patent application, published Oct. 
11, 2000 under Publication No. EP 0 1043566, and/or Ser. 
No. 11/226,628, ?led Sep. 14, 2005; US. provisional appli 
cations Ser. No. 60/624,091, ?led Nov. 1, 2004 by Kamer et 
al. for MOUNTING ASSEMBLY FOR MIRROR AND 
METHOD OF MAKING SAME; and/or Ser. No. 60/630, 
061, ?led Nov. 22, 2004 by Lynam et al. for MIRROR 
ASSEMBLY WITH VIDEO DISPLAY, Which are all hereby 
incorporated herein by reference. The compass circuitry may 
include the compass sensor, such as a magneto-responsive 
sensor, such as a magneto-resistive sensor, such as the types 
disclosed in US. Pat. Nos. 5,255,442; 5,632,092; 5,802,727; 
6,173,501; 6,427,349; and 6,513,252 (Which are hereby 
incorporated herein by reference), a magneto-capacitive sen 
sor, a Hall-effect sensor, such as the types described in US. 
Pat. Nos. 6,278,271; 5,942,895 and 6,184,679 (Which are 
hereby incorporated herein by reference), a magneto-induc 
tive sensor, such as described in US. Pat. No. 5,878,370 
(Which is hereby incorporated herein by reference), a mag 
neto-impedance sensor, such as the types described in PCT 
Publication No. WO 2004/076971 A2, published Sep. 10, 
2004 (Which is hereby incorporated herein by reference), or a 
?ux-gate sensor or the like, and/or may comprise a compass 
chip, such as described in US. patent application Ser. No. 
11/226,628, ?led Sep. 14, 2005; and US. provisional appli 
cations Ser. No. 60/624,091, ?led Nov. 1, 2004 by Kamer et 
al. for MOUNTING ASSEMBLY FOR MIRROR AND 
METHOD OF MAKING SAME; and/or Ser. No. 60/630, 
061, ?led Nov. 22, 2004 by Lynam et al. for MIRROR 
ASSEMBLY WITH VIDEO DISPLAY, Which are hereby 
incorporated herein by reference. 

The sensor circuitry and/or the circuitry in the mirror hous 
ing and associated With the compass sensor may include 
processing circuitry. For example, and as shoWn in FIGS. 1 
and 2, compass system 18 may include a printed circuit board 
(PCB) 30, Which may be mounted or positioned or bonded 
along the rear surface 16b of the re?ective element 16. The 
printed circuit board 30 may include all of the processing 
circuitry and the compass sensor. The processing circuitry 
may include compensation methods, such as those described 
in US. Pat. Nos. 4,546,551; 5,699,044; 4,953,305; 5,255, 
442; 5,576,687; 5,632,092; 5,677,851; 5,708,410; 5,737,226; 
5,802,727; 5,878,370; 6,087,953; 6,173,508; 6,222,460; 
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6,513,252; and 6,642,851, and US. patent application Ser. 
No. 10/352,691, ?led Jan. 28, 2003 by Schierbeek et al. for 
VEHICLE COMPASS COMPENSATION, now US. Pat. 
No. 6,922,902; and Ser. No. 10/456,599, ?led Jun. 6,2003 by 
Weller et al. for INTERIOR REARVIEW MIRROR SYS 
TEM WITH COMPASS, now US. Pat. No. 7,004,593, and 
European patent application, published Oct. 11, 2000 under 
Publication No. EP 0 1043566, Which are all hereby incorpo 
rated herein by reference. The compass sensor may be incor 
porated in or associated With a compass system and/or display 
system for displaying a directional heading of the vehicle to 
the driver, such as a compass system of the types described in 
US. Pat. Nos. 5,924,212; 4,862,594; 4,937,945; 5,131,154; 
5,255,442; and/or 5,632,092, and/or US. patent application 
Ser. No. 10/456,599, ?led Jun. 6, 2003 by Weller et al. for 
INTERIOR REARVIEW MIRROR SYSTEM WITH COM 
PASS, now US. Pat. No. 7,004,593, and/or Ser. No. 11/284, 
543, ?led Nov. 22, 2005 by DeWind et al. for INTERIOR 
MIRROR ASSEMBLY WITH DISPLAY, now US. Pat. No. 
7,370,983, and/or PCT Application No. PCT/US2004/ 
015424, ?led May 18, 2004 by Donnelly Corp. et al. for 
MIRROR ASSEMBLY FOR VEHICLE, and published on 
Dec. 2, 2004, as International Publication No. WO 2004/ 
103772, and/ or US. provisional applications Ser. No. 60/ 630, 
061, ?led Nov. 22, 2004 by Lynam et al. for MIRROR 
ASSEMBLY WITH VIDEO DISPLAY; and/ or Ser. No. 
60/ 667,048, ?led Mar. 31, 2005, Which are all hereby incor 
porated herein by reference. 
When an interior rearvieW mirror that includes a compass 

system (such as a knoWn compass system) is ?rst installed in 
a vehicle at a vehicle assembly plant (such as When the mirror 
assembly (including the compass sensor and circuitry) is 
attached to a mounting button at a vehicle Windshield or other 
mounting portion at an interior portion of the vehicle) and ?rst 
poWered, knoWn compass systems, Which typically have the 
compass sensor ?xedly mounted at the mirror foot or base or 
mount, include an initial calibration mode intended to alloW 
the vehicle to be delivered from the assembly plant to an 
automobile dealership With the compass appropriately cali 
brated. Taking, for example, such a knoWn interior mirror 
compass system currently supplied by the assignee to auto 
makers, the compass system enters an aggressive calibration 
mode or rapid calibration/compensating mode (such as the 
Cal-1 mode as described in US. Pat. No. 6,513,252, and US. 
patent application Ser. No. 10/352,691, ?led Jan. 28, 2003 by 
Schierbeek et al. for VEHICLE COMPASS COMPENSA 
TION, now US. Pat. No. 6,922,902, Which are hereby incor 
porated herein by reference) to calibrate the compass as the 
vehicle on the assembly line Weaves and turns on the assem 
bly conveyor line and as the vehicle is driven through the 
assembly plant and through the staging or storage lot and onto 
a truck for shipping to a dealer. In so doing, the assignee’s 
compass system determines three cardinal points (other com 
petitive compass systems require detection of all four cardinal 
(N, W, S, E) points) and then deduces the true directional 
heading of the vehicle, compensating for the magnetic devia 
tion inherent in the vehicle. After the vehicle is shipped to a 
dealer and purchased, the compass system is calibrated and 
the correct heading is shoWn on the compass display typically 
provided at the mirror re?ector or at the mirror beZel. After 
this initial Cal-1 or aggressive calibration has been com 
pleted, calibration and/or compensation for stray magnetic 
?elds and other magnetic anomalies, such as typically 
encountered exterior the vehicle during driving (and from the 
likes of metal bridges, subWay lines, cellular telephone toW 
ers, large metal structures and the like), are compensated for 
via other less aggressive calibration/ compensation modes. 
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Thus, for example, and referring to US. Pat. No. 6,513,252 
and US. patent application Ser. No. 10/352,691, ?led Jan. 28, 
2003 by Schierbeek et al. for VEHICLE COMPASS COM 
PENSATION, now US. Pat. No. 6,922,902, and/or Ser. No. 
10/456,599, ?led Jun. 6, 2003 by Weller et al. for INTERIOR 
REARVIEW MIRROR SYSTEM WITH COMPASS, now 
US. Pat. No. 7,004,593, Which are hereby incorporated 
herein by reference, the compass system may initially operate 
in the aggressive Cal-1 calibration mode, and then may later 
function in a less aggressive calibration/ compensation mode, 
such as Cal-2 or Cal-3 calibration modes. 

Using the compass system of the present invention, as the 
vehicle is typically driven on highWays (and With the compass 
system of the present invention in its normal operating mode 
or non-calibration mode), the compass system is exposed to 
and may be affected by the various magnetic anomalies, such 
as from bridges, cell toWers, and/ or the like referenced above. 
Such magnetic anomalies, hoWever, have a particular, and 
often predictable, anomaly signature and/ or pattern. The 
magnetic anomalies may impact the compass system perfor 
mance and may lead to temporary inaccurate compass read 
ings and/or an erroneous compensation of the compass sys 
tem, and thus lead to display of erroneous/ inaccurate compass 
display headings. 

The compass system of the present invention includes an 
algorithm expressed in softWare processed by a microproces 
sor that includes a mirror adjust detection routine. This mirror 
adjust detection routine takes advantage of the fact that mag 
netic anomalies/stray magnetic ?elds, Which emanate from 
structures typically external to the vehicle as it passes by such 
structures and objects along a road or highWay, are typically 
temporary and relatively short lived because of the speed of 
passage of the vehicle. The mirror adjust detection routine 
further takes account of the fact that mirror adjustments by a 
driver of a vehicle are relatively predictable events that occur 
abruptly and that remain adjusted typically for the duration of 
that particular journey. Thus, the mirror adjust detection rou 
tine of the present invention algorithmically reduces or pre 
vents or suppresses confusion of a mirror adjust event from 
other stray magnetic ?eld/magnetic anomaly effects that are 
external to the vehicle. For example, the compass system of 
the present invention (via softWare operated by a micropro 
cessor of the control of the compass system) may distinguish 
and/ or learn the pattern and signature of such stray magnetic 
?elds/magnetic anomalies and may ignore such and/or avoid 
entering particular calibration mode or modes or portions of 
modes When such anomalies are detected and recogniZed/ 
distinguished by the compass system. 

Optionally, the compass sensing device or sensor 20 may 
comprise a tWo-axis sensor (comprising tWo magneto-re 
sponsive sensing elements disposed at a ?xed angle relative to 
each other, such as orthogonally to each other, and disposed 
on a platform or circuit board or substrate 32 so that they are 
positioned generally parallel to the ?oor plane of the vehicle 
so as to be sensitive to the horiZontal component of the Earth’ s 
magnetic ?eld), or the sensor may comprise a three-axis 
sensor (comprising tWo magneto-responsive sensing ele 
ments disposed orthogonally to each other and disposed in the 
mirror casing cavity, and a third magneto-responsive sensing 
element, sometimes referred to as a Z-axis sensing element, at 
a right angle (approximately ninety degrees) to the tWo sens 
ing elements and disposed in the cavity, so that the three-axis 
sensor is sensitive to the horiZontal component and to the 
vertical component of the Earth’s magnetic ?eld), Without 
affecting the scope of the present invention. The third axis 
sensing element is an optional and not necessary addition to 
the sensor of the compass system of the present invention. 
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10 
HoWever, the Z-axis sensing element may be helpful in detect 
ing and distinguishing magnetic anomalies exterior to the 
vehicle (as discussed above), but is not needed for the primary 
compass direction determination and/ or the detection of a tilt 
or rotation of the mirror. The compass sensor may be arranged 
at a desired angle to provide enhanced sensing in the horiZon 
tal directions When the mirror assembly is installed in the 
vehicle, as discussed beloW. 

In the illustrated embodiment of FIGS. 4 and 5, the com 
pass sensor 20 includes a pair of sensing elements 20a, 20b 
positioned generally orthogonal to one another. The pair of 
generally orthogonal sensing elements are preferably ori 
ented relative to the vehicle such that one of the sensing 
elements (20a) is generally parallel to the ?oor of the vehicle 
and pointing generally forWardly in the direction of travel of 
the vehicle, While the other sensing element (20b) is generally 
orthogonal or perpendicular to the ?rst sensing element and 
preferably also generally parallel to the ?oor of the vehicle. 
The compass sensor provides an output signal to compass 
processing circuitry, Which is operable to process the output 
signal to determine the vehicle heading and to actuate or 
control or adjust an output of the display in response to the 
output signal. 

Optionally, and desirably, the compass sensor may be posi 
tioned at a compass sensor board or substrate 32 that may 
extend generally horizontally from the printed circuit board 
30 at the rear of the re?ective element 16. The compass sensor 
20 may comprise a pair of generally orthogonal sensing ele 
ments and thus may provide a tWo axis sensing ability and 
function to provide direction sensing throughout the range of 
mirror adjustment With reduced or minimal impact on the 
accuracy of the directional sensing during such adjustment. 
The impact may be further reduced by various mounting 
arrangements or con?gurations and algorithms and the like, 
as discussed beloW. 

As shoWn in FIGS. 2 and 4, the compass sensor is desirably 
positioned generally centrally from side to side Within the 
mirror assembly, such as along a centerline of the mirror 
assembly or along the longitudinal axis 26, in order to reduce 
or minimiZe the affects or angular impact of the mirror adjust 
ments on the compass sensor output. The compass sensor is 
also desirably positioned at or near a loWer region of the 
circuit board and mirror assembly, so as to be positioned 
further from the upper sheet metal or roof of the vehicle and 
further from the overhead Wiring or lighting, or other devices 
or systems that may provide dynamic magnetic disturbances, 
for enhanced performance of the compass sensor. 

One of the sensing elements 20a of the compass sensor 20 
is preferably oriented generally along or parallel to the lon 
gitudinal axis 26 of the vehicle and the other sensing element 
20b is preferably oriented along or generally parallel to a 
lateral or cross-car axis 34 of the vehicle (in a side to side 
orientation and generally parallel to the vehicle ?oor), With 
the sensing elements being generally normal or at a right 
angle to one another. Optionally, and as shoWn in FIG. 4, the 
compass sensing elements 20a, 20b may be oriented relative 
to the mirror re?ective element so that the sensing element 
20a is generally parallel to the longitudinal axis 26 of the 
vehicle, While the other sensing element 20b is generally 
parallel to the lateral or cross-car axis 34 of the vehicle When 
the re?ective element is angled or oriented at the typical 
vieWing position. The orthogonally oriented compass sensing 
elements 20a, 20b are thus positioned at their optimal angle 
for the typical setting or position or orientation of the mirror 
assembly during typical use of the mirror assembly in the 
vehicle. 
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For example, and as shown in FIGS. 4 and 5, the re?ective 
element is typically rotatably angled horizontally and 
sideWardly toWard the driver at an angle A, Which is typically 
about 20 degrees (for a typical driver) relative to the cross car 
axis, and the re?ective element is typically tiltably angled 
vertically and doWnWardly at an angle B, Which is typically 
about 9 degrees (for a typical driver) relative to a vertical 
plane 36. Because the mirror casing and re?ective element 
may be pivoted to be angled generally toWard the head of the 
driver of the vehicle, such as, for example, rotatably angled 
approximately 17-25 degrees toWard the driver side of the 
vehicle and tiltably angled approximately 6 to 12 degrees 
doWnWard, the compassized interior rearvieW mirror assem 
bly of the present invention thus may be adapted to mount the 
compass sensor on a physical mount or tilt/rotation offset 
element at the printed circuit board Which compensates for or 
approximates and effectively cancels the approximate angle 
of the mirror casing so as to orient the compass sensor gen 
erally in the desired orientation, even When the mirror casing 
and re?ective element are angled toWard the driver of the 
vehicle (such as described in US. patent application Ser. No. 
10/456,599, ?led Jun. 6, 2003 by Weller et al. for INTERIOR 
REARVIEW MIRROR SYSTEM WITH COMPASS, now 
US. Pat. No. 7,004,593, Which is hereby incorporated herein 
by reference). 

For example, a printed circuit board or equivalent may be 
positioned at and attached to the rear surface of the re?ective 
element (the surface Within the casing of the mirror assembly 
and facing aWay from the driver of the vehicle When the 
mirror assembly is installed in the vehicle), such as via adhe 
sive or an attachment or backing plate or the like. The circuit 
board may comprise a generally ?at, rectangular element or 
substrate With conductive traces and circuitry disposed 
thereon. When the mirror head and re?ective element are 
arranged so that the re?ective surface (the ?at rear surface) of 
the re?ective element is generally vertical, the circuit board is 
also generally vertically oriented. Where a compass sensor 
chip (Which may include a pair of orthogonally oriented sens 
ing elements arranged in a common plane) is disposed on and 
along the substrate or circuit board (PCB), the chip itself (and 
hence the sensing elements disposed therein) may be placed 
on the PCB in any orientation chosen by the PCB manufac 
turer. Thus, the compass sensor chip may be oriented such 
that the principal axis of one sensor is generally horizontal 
and toWard a side of the vehicle, While the principal axis of the 
other sensor may be generally vertically oriented When the 
PCB is attached to a re?ective element and the re?ective 
element is generally vertically oriented. Thus, the actual 
placement of the compass chip itself thus may largely or 
substantially-take care of or account for the rotational orien 
tation of the mirror head. 

Because it is desired to provide sensing in the x-y direc 
tions (or in a horizontal plane), the compass sensor is prefer 
ably disposed on a compass sensor mount or board that 
extends at an angle from the circuit board and/ or rear surface 
of the re?ective element so that the compass sensor elements 
are generally horizontal When the mirror assembly is installed 
in the vehicle at its nominal (such as about 20 degree sideWard 
and 9 degree doWnWard) orientation. Preferably, the compass 
sensor mount is mounted to the circuit board such that the 
compass sensor mount is oriented at about a 9 degree doWn 
Ward angle from being perpendicular or normal to the circuit 
board, such that the compass sensor mount or chip is substan 
tially horizontal relative to the ?oor of the vehicle and thus the 
ground When the mirror head and re?ective element are ori 
ented at the typical or nominal orientation With about a 9 
degree doWnWard tilt toWard the typical driver’s head loca 
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12 
tion. Likewise, the compass sensor is preferably mounted to 
the compass sensor mount at an angle so that the principal 
axes of the compass sensing elements are at a desired respec 
tive angle relative to the re?ective element. For example, a 
?rst one of the sensing elements may be at an angle of about 
20 degrees toWard the driver side of the mirror assembly 
relative to the longitudinal axis of the vehicle, While a second 
sensing element may be generally orthogonal to the ?rst 
sensing element and along the plane of the compass sensor 
mount. Thus, When the mirror head and re?ective element are 
oriented at the typical or nominal orientation With about a 9 
degree doWnWard tilt and about a 20 degree sideWard rotation 
toWard the typical driver’s head location, the sensing ele 
ments are oriented along a generally horizontal plane and are 
oriented such that the principal axis of the ?rst sensing ele 
ment is in the direction of travel of the vehicle, While the 
principal axis of the second sensing element is normal to the 
?rst principal axis and directed toWard the side of the vehicle. 
The compass sensor mount may be mounted to the printed 
circuit board and/or the re?ective element via a generally 
Wedge-shaped mounting element or offset element (or via 
other mounting means) or the compass sensor itself may be 
attached to or mounted to the printed circuit board at the 
desired angle, such as via other mounting attachment means, 
to provide the desired orientation of the compass sensor rela 
tive to the re?ective element. It is further envisioned that the 
tilt/rotation offset element may be otherWise formed (or the 
compass sensor may be otherWise mounted to the circuit 
board) to provide other offset angles depending on the par 
ticular application of the mirror assembly and the nominal 
orientation of the re?ective element that directs the re?ective 
element generally toWard the location of a typical driver to 
provide the typical driver With the appropriate or desired ?eld 
of vieW rearWard and through the rear WindoW of the vehicle. 

Thus, by using the tilt/ rotation offset element of the present 
invention, typically a plastic molding that, for example, 
attaches to the rear of the re?ective element, an angled shelf or 
ledge is created upon Which rests the compass sensor itself 
and/or its printed circuit board (PCB). Thus, When the interior 
rearvieW mirror assembly is installed in a vehicle, such as at 
the assembly plant (and adjusted at a generally nominal posi 
tion for vieWing by a driver, such that the algorithm can take 
over and generally or substantially calibrate the compass 
system as the vehicle is moved through the vehicle assembly 
plant), and/or is used by the average or typical driver, the 
tilt/rotation offset element compensates for the nominal 20 
degree sideWard rotation/9 degree doWnWard tilt, such that 
the magneto-responsive sensing elements are oriented in the 
vehicle in Which the mirror assembly is mounted With the 
principal axis of a ?rst one of the magnetoresponsive sensing 
elements pointing directly forWard through the Windshield in 
the direction of travel of the vehicle, and With the principal 
axis of a second magnetoresponsive sensing element at 90 
degrees relative thereto and pointed sideWardly toWard a side 
of the vehicle, and With both the ?rst and second principal 
axes/magnetoresponsive sensing elements lying in the same 
plane, and With that plane being generally horizontal With the 
?oor of the vehicle and thus With the road being traveled. 
Thus, the tilt/rotation offset element and/or the physical tilt 
and rotation offset means (that may be tied to or separate from 
the offset element and/ or sensor mount) of the present inven 
tion physically ensures that the compass sensor has at least 
tWo magnetoresponsive sensing elements oriented generally 
horizontal to the ground (With one facing forWard of the 
vehicle and one facing orthogonally sideWard). Thus, at the 
nominal (about 20 degree sideWard/ 9 degree doWnWard) mir 
ror orientation or setting, the compass sensor is oriented in a 
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known orientation relative to the Earth’ s horizontal magnetic 
?eld. The mirror adjust detection algorithm or routine of the 
present invention may reference against this as a base or 
reference orientation from Which mirror/ sensor adjustment is 
estimated and/or accommodated/ compensated against. 

Optionally, in order to reduce the affect of mirror adjust 
ment on the compass sensor, the compass sensor may be 
mounted or positioned in close proximity to the mirror ball 
(the ball (referred to at 1311 in FIG. 5) that is pivotally received 
at the mirror casing or toggle element of the mirror assembly). 
Optionally, the compass sensor may be ?xedly positioned 
relative to the mirror ball (or may be mounted at the end of the 
mounting arm and mirror ball) so that there is reduced or little 
or no movement of the compass sensor during minor adjust 
ments of the re?ective element, such as When the re?ective 
element is toggled or ?ipped betWeen the daytime and night 
time orientations. For example, and as shoWn in FIG. 6, the 
compass sensor may be disposed on a circuit board or plat 
form 32' that is attached to a portion of the mirror ball 13a‘ of 
the mounting arm 13', such as at a loWer portion of the ball (to 
position the sensors remote from the roof of the vehicle). An 
electrical connector or Wire or lead 38 may connect the com 
pass sensor to the circuitry and display elements at the circuit 
board 30' at the re?ective element 16. As shoWn in FIG. 5, the 
mounting arm 13' is part of a single ball mounting arrange 
ment, but may be a mounting arm of a double ball mounting 
arrangement, such as the type shoWn in FIGS. 1 and 3, With 
out affecting the scope of the present invention. 

Optionally, and as described in US. patent application Ser. 
No. 10/456,599, ?led Jun. 6,2003 by Weller et al. for INTE 
RIOR REARVIEW MIRROR SYSTEM WITH COMPASS, 
now US. Pat. No. 7,004,593, Which is hereby incorporated 
herein by reference, the printed circuit board 30 may be 
mounted at a physical mount at the re?ective element to 
accommodate the approximate angle of the mirror casing. 
The physical mount may be a Wedge shaped mounting ele 
ment or bracket or any other means for orienting the compass 
sensor relative to the re?ective element to accommodate for 
the typical angle of tilt of the mirror head toWard a driver of a 
vehicle. The typical angle or tilt of the mirror head or casing 
may be calculated or otherWise determined or approximated 
and the physical mount may then be formed to compensate or 
cancel the typical angle of the mirror. The desired mounting 
orientation may vary depending on the particular vehicle in 
Which the compassized mirror assembly is being installed, 
since the mirror assembly may be mounted at different 
heights along the Windshield or at the headliner of different 
vehicle models. In lieu of a physical orientation as described 
above, softWare compensation, as knoWn in the art, can be 
used to negate or cancel out the above effects. 

Optionally, in applications Where illumination sources or 
lights or any other electrically conducting/powered electrical 
accessory or the like may be su?iciently close to the compass 
sensor such that operation of the lights may impact the com 
pass performance (due to the magnetic ?eld generated by the 
current going through the lights), the lights may be controlled 
or modulated via a pulse Width modulation (PWM) control, 
so that the lights are modulated betWeen “on” and “off” 
settings by the PWM control. The PWM control may be 
optimized to minimize emissions and to maintain vehicle 
lighting requirements. The compass algorithm or control or 
microprocessor may monitor the PWM control and may enter 
a different operation mode When the lights are being PWM 
controlled. For example, the compass control may optimize 
the hardWare for through put and may synchronize the light’ s 
PWM “off” time With the data collection by the compass 
sensors, in order to reduce or minimize the impact of the ?eld 
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generated by the current passing through the Wires When the 
lights are on or energized. Preferably, the lighting require 
ments may be maintained While alloWing su?icient time for 
the compass system signals to settle after the PWM signal for 
the light is shut doWn or off. The preferred or desirable set 
tings may be selected based on a compromise betWeen the 
emission of the illumination source or sources and the ability 
to successfully read the compass sensor signals or output at 
the desired accuracy. 
As described above, adjustment of the mirror housing (that 

includes the mirror re?ective element) about its pivot connec 
tion to its support (typically a double-ball support arm as 
described above, although a single-ball support arm can also 
be used, Without affecting the scope of the present invention) 
to the Windshield (or to a header region at the joint of the 
Windshield and the roof of the interior cabin of the vehicle) 
can cause the compass direction sensing sensor attached to 
the rear of the mirror re?ective element to also move. Thus, 
the compass control circuitry may detect a change in sensed 
compass directional signal (for example, about 3 degrees to 
about 8 degrees or thereabouts) When the mirror is adjusted by 
a driver of the vehicle. Should the vehicle be heading in a 
direction that is close to half-Way betWeen one octant or 
another in an eight-octant resolving compass display system, 
this adjustment by the driver of the mirror housing to set the 
rearWard ?eld of vieW of the mirror re?ective element to suit 
that driver’s needs/preference (typically occurring When the 
driver starts the journey) may cause the heading displayed to 
the driver to change from, for example, NW to N, because the 
adjustment by the driver of the mirror housing has changed 
the orientation/alignment of the magnetic ?eld detecting ele 
ments of the compass sensor (for example, a magnetoresistive 
sensor or Hall effect sensor) relative to the Earth’s magnetic 
?eld. Modern automatic automotive compass control sys 
tems, such as those described in US. Pat. Nos. 4,546,551; 
5,699,044; 4,953,305; 5,576,687; 5,632,092; 5,677,851; 
5,708,410; 5,737,226; 5,802,727; 5,878,370; 6,087,953; 
6,173,508; 6,222,460; and 6,513,252, US. patent application 
Ser. No. 10/352,691, ?led Jan. 28, 2003 by Schierbeek et al. 
forVEHICLE COMPASS COMPENSATION, now US. Pat. 
No. 6,922,902, and European patent application, published 
Oct. 11, 2000 under Publication No. EP 0 1043566, Which are 
all hereby incorporated herein by reference, comprise pro 
cessing circuitry that includes compensation methods that 
correct for such changes in sensed compass heading. Thus, 
and as indicated in US. Pat. No. 6,642,851, Which is hereby 
incorporated herein by reference, such knoWn compensation 
methods can be used to recalibrate the compass mirror system 
of the present invention after adjustment of the mirror hous 
ing by the driver. 

Techniques and methods for compensating for such adjust 
ments, such as suggested in US. Pat. No. 6,418,376 (the 
entire disclosure of Which is hereby incorporated herein by 
reference), may be used in conjunction With the present 
invention. Such methods use a position sensor (such as a tilt 
sensor) that determines displacement of the mirror housing 
With respect to a generally horizontal plane. For example, the 
compass system of the present invention may incorporate a 
tilt sensor or position sensor or rotation sensor or sensing 

means or element (such as a tilt sensor, a clinometer or a 

protractor or the like) that is operable to detect the position or 
orientation or movement of the mirror and compass sensors 
relative to a generally horizontal plane and/ or a generally 
vertical plane. For example, the compass system may incor 
porate an electronic tilt sensor or clinometer, such as the types 
commercially available from various sources, such as, for 
example, from Schaevitz® Sensors of Hampton, Va., such as 



US 7,726,822 B2 
15 

an AccuStar® electronic clinometer or the like, and Which 
may have a have a resolution of about 0.001 degrees and a 
range of about 60 degrees or thereabouts, and that may pro 
vide a analog, ratiometric, digital pulse Width, or serial out 
put. Optionally, for example, the compass system may incor 
porate an electrolytic tilt sensor, Which includes electrically 
conductive ?uid that remains substantially level as the sensor 
body is tilted, Whereby the conductivity betWeen a pair of 
electrodes Within the sensor body is proportional to the length 
or amount of the electrode immersed in the conductive ?uid, 
such that the degree of tilt may be determined. Such electro 
lytic tilt sensors are commercially available from various 
sources and may provide accurate pitch and roll measure 
ments and enhanced repeatability, stability, and accuracy 
When operating at loW frequencies. For example, a dual-axis, 
or 5-pin, sensor may be packaged in a cylindrical vial that 
stands betWeen about 1/2 inch to about 1 inch high, and that 
provides an operating range of tilt from about :10 degrees to 
about :75 degrees. Optionally, the compass system may 
incorporate anAMR (anisotropic magnetoresistive) magnetic 
?eld sensor or the like, Which may provide a tilt detection/ 
determination. Other tilt sensors, clinometers, protractors, 
electrolytic sensors and/or the like may be implemented With 
the compass system, Without affecting the scope of the 
present invention. 

Optionally, the mirror ball and/ or mirror socket may 
include a transducer/ sensor that may determine the orienta 
tion of the mirror ball relative to the mirror socket. As the ball 
rotates in the socket (such as due to adjustment of the mirror 
head/re?ective element by the driver), the orientation of the 
ball relative to the socket is detected and transmitted or com 
municated to the control/microprocessor of the compass sys 
tem. The compass system may then determine the angular 
adjustment and may adjust the sensor processing and/ or com 
pensate for the angular change in response to the detected 
angular change in the position/ orientation of the mirror head 
relative to the ball of the mounting arm. 

The control or circuitry or microprocessor may adjust the 
degree of compensation of the compass sensor output in 
response to the output or outputs of the position sensor/sen 
sors. Optionally, other techniques, such as the techniques and 
methods described in US. Pat. Nos. 6,140,933 and 6,023, 
229, Which are hereby incorporated herein by reference, may 
also or otherWise be implemented. 

Optionally, a magnetic ?eld emitter or radiator or generator 
may be placed in a knoWn ?xed location Within the vehicle 
interior cabin (for example, the magnetic ?eld emitter may be 
placed as part of the mirror foot or mount or base that ?xedly 
attaches to the mirror mounting button or may be otherWise 
?xedly positioned relative to the vehicle). The magnetic ?eld 
emitter may optionally be operated to emit a magnetic ?eld in 
a pulsed and/or coded magnetic ?eld signature. The magnetic 
?eld signature/ signal emitted by the ?xed magnetic ?eld 
emitter or source Will be picked up by the x-y orthogonally 
oriented magnetoresponsive sensing elements of the compass 
sensor (that are positioned Within the movable mirror head 
and that move With the mirror head as it is pivoted about its 
single or double ball joint support), and thus that move rela 
tive to the ?xed magnetic ?eld emitter. Because the physical 
location of the ?xed magnetic ?eld emitter is knoWn, the 
emitter can function as a homing beacon for the movable 
head/ sensing elements, and thus a triangulation algorithm or 
the like can be used to determine the particular orientation of 
the sensing elements and any deviation from a knoWn orien 
tation. The compass sensor thus may detect the emitted mag 
netic ?eld (such as When the emitter is pulsed) and the control 
or circuitry or microprocessor may process the compass sen 
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sor output (such as the output signal that corresponds to When 
the emitter is pulsed) to discern or distinguish the pulsed 
magnetic ?eld or signature magnetic ?eld as emitted by the 
?xed magnetic ?eld emitter to determine the orientation of the 
mirror head and compass sensor relative to the ?xed magnetic 
?eld emitter, and thus to determine the degree of adjustment 
of the mirror head or re?ective element relative to the mount 
ing base or knoWn initial orientation or the like. The control 
may then adjust or alter the directional heading signal and/or 
the display output in response to the detection of a change in 
orientation or position of the mirror head relative to the ?xed 
reference point. 

Optionally, an algorithmic technique may be implemented 
Whereby, When an abrupt change in detected heading is 
detected that is characteristic of an adjustment of the mirror 
housing by the driver of the vehicle, the automatic compass 
circuitry changes its calibration status from its ongoing state 
(that compensates for such heading changes over a prolonged 
period, and one that typically may span an ignition cycle of 
the vehicle or several vehicle ignition cycles) to a more 
aggressive, faster calibration stage (such as a Cal-1 or Cal-2 
calibration mode as described in US. Pat. No. 6,513,252 and 
US. patent application Ser. No. 10/352,691, ?led Jan. 28, 
2003 by Schierbeek et al. for VEHICLE COMPASS COM 
PENSATION, now US. Pat. No. 6,922, 902, Which are hereby 
incorporated herein by reference) that more rapidly, and pref 
erably Within that same ignition cycle, recalibrates the com 
pass system and so compensates for the driver’ s adjustment of 
the mirror housing/ casing and for the concomitant movement 
of the compass sensor housed therein. 

Thus, for example, When a change in compass heading is 
detected that is indicative of and characteristic of an adjust 
ment of the mirror housing by the driver, such as to adjust the 
mirror to provide a desired rearWard ?eld of vieW (such 
adjustment causes an abnormal change of the compass output 
that is different, such as by magnitude and/or rate of change, 
than What Would occur during normal driving), then the cali 
bration changes to a faster or rapid or more aggressive com 
pensation/ calibration algorithm/method. Such mirror adjust 
ments are typically Within the range of plus or minus about 2 
to 4 degrees upWard or doWnWard from the nominal doWn 
Ward angle (of about 9 degrees doWnWard) of the mirror 
head/re?ective element, and plus or minus about 3 to 5 
degrees to either side from the nominal sideWard angle (of 
about 20 degrees toWard the driver side) of the mirror head/ 
re?ective element. Such mirror adjustments, Which typically 
occur rapidly, such as Within less than about one to tWo 
seconds or thereabouts, create their oWn knoWn and predict 
able signature or pattern and thus may be detected and dis 
cerned by the compass system. Thus, and referring to US. 
Pat. No. 6,513,252 and US. patent application Ser. No. 
10/352,691, ?led Jan. 28, 2003 by Schierbeek et al. for 
VEHICLE COMPASS COMPENSATION, now US. Pat. 
No. 6,922,902, and/or Ser. No. 10/456,599, ?led Jun. 6,2003 
by Weller et al. for INTERIOR REARVIEW MIRROR SYS 
TEM WITH COMPASS, now US. Pat. No. 7,004,593, Which 
are hereby incorporated herein by reference, upon detection 
of a change in compass heading that is indicative of and 
characteristic of an adjustment of the mirror housing by the 
driver, the calibration of the compass system Would reinitiate 
back from Cal-3 (or Cal-2) to the beginning of Cal-1. Note 
that a mechanical element such as a mechanical movement 
detector can be used to detect adjustment by the driver of the 
mirror housing, and the recalibration can be initiated in 
response to a signal output of such a mechanical element. 

Desirably, if a mirror adjustment is detected that is beyond 
the normal range or Zone of adjustment of the mirror (such as 



US 7,726,822 B2 
17 

may occur if the passenger angles the mirror toward the 
passenger side to borroW the mirror or the mirror is otherwise 
rotated aWay from the driver, or such as may occur if the 
mirror is inadvertently hit or moved to a severely adjusted 
condition such that no reasonable driver Would reasonably 
vieW rearWardly through the rear WindoW With the mirror so 
adjusted), the compass system may detect and discern such 
egregious or non-normal movement/ adjustment and may sus 
pend the calibration activities because such movement/ad 
justment is an abnormal and typically temporary condition. 
The compass system may return to its normal and/ or calibra 
tion mode of operation When the mirror head/re?ective ele 
ment is returned to Within the normal range of angular adjust 
ment/position/orientation, such as Within a predetermined 
degree upWard/doWnWard and sideWard of the nominal posi 
tion/ orientation. 

For example, the compass compensation or calibration 
process may provide for initialiZation of a rapid or aggressive 
calibration stage in response to movement of the mirror hous 
ing by the driver grasping and moving the mirror head/re?ec 
tive element to adjust to his or her preferred ?eld of vieW 
rearWard through the rear WindoW of the vehicle. The com 
pass circuitry may be operable to detect and discern or dis 
tinguish a change in the sensed heading Which is character 
istic of an adjustment of the mirror housing by a driver of the 
vehicle. The compass circuitry then may respond by reinitial 
iZing the compass calibration to the rapid or aggressive cali 
bration stage or mode. The compass circuitry then may com 
pensate for the movement of the compass sensor caused by 
the adjustment of the mirror housing via a microprocessor 
based algorithm/software. After completion of the rapid cali 
bration stage, such as after the compass sensor is re-calibrated 
or after a predetermined amount of time folloWing the onset 
of the rapid or aggressive calibration stage, the compass cir 
cuitry may return to its normal operation. 

Optionally, the compass circuitry/software can set or return 
to the beginning of the aggressive calibration stage (such as to 
the beginning of Cal-l as described above) each time the 
mirror compass circuitry is initially poWered, such as by a 
fresh ignition cycle of the vehicle. Thus, for example, should 
a driver or occupant of the vehicle adjust the interior rearvieW 
mirror orientation during the immediately previous ignition 
cycle, and thus potentially disturb the established proper 
compass calibration, then an aggressive and rapid recalibra 
tion may automatically occur at the start of the folloWing or 
next ignition cycle (and thus any potential calibration mis 
alignment may only be temporarily experienced by the 
driver). Optionally, such an aggressive recalibration may 
occur in response to actuation of a key fob or remote keyless 
entry device or remote starter device or the like. 

Optionally, the degree of aggression of the rapid calibra 
tion stage may be effected by the time elapsed betWeen the 
ignition activation (or actuation of the key fob or remote 
keyless entry device or the like) and the perceived or detected 
adjustment of the mirror. For example, if the circuitry detects 
an abrupt adjustment of the sensor orientation Within a thresh 
old time after the ignition is activated, then the control may 
determine that the change in orientation is due to a mirror 
adjustment (such as may occur When the driver ?rst enters the 
vehicle and before or soon after shifting into drive or reverse) 
and thus may enter the rapid and aggressive calibration mode. 
Optionally, the microprocessor or control may include a ?rst 
start protocol that causes the compass system to enter the 
aggressive calibration mode in response to the ?rst ever star 
tup of the vehicle ignition, such as typically occurs at the 
vehicle assembly plant. 
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Optionally, the compass system may acquire directional 

heading data at the activation of the ignition (or activation of 
a key fob or the like) and, if an adjustment of the mirror head 
is detected soon after such activation, the compass system 
may acquire heading data With the sensors at the neW orien 
tation. Because the initial heading data sampled after the 
ignition cycle may be correct data or may be indicative of the 
vehicle heading, the compass system may compensate or 
adjust the neW data to account for the change in orientation of 
the compass sensor from the initial and adjustedposition. The 
compass system thus may algorithmically adjust the compass 
heading or sensor processing to account for the perceived 
movement or adjustment of the mirror head Without entering 
the aggressive calibration mode. 

Optionally, the degree of aggression or entry into the rapid 
aggressive calibration mode may be affected by the speed of 
the vehicle When the change in orientation of the compass 
sensors is detected. For example, if an abrupt change in the 
orientation of the sensors is detected When the vehicle is 
stopped or moving at orbeloW a threshold speed (such as at or 
beloW about 10 mph or thereabouts), the control may deter 
mine that the abrupt change may be due to an adjustment of 
the mirror head or re?ective element, and thus may enter the 
rapid and aggressive calibration mode. Alternately, if the 
vehicle speed is detected (such as via a Wheel speed sensor or 
the like) to be above a threshold speed (such as at or above 
about 60 mph or thereabouts), any change in the sensed direc 
tion may be determined to be a change in vehicle direction, 
since it is not likely that a driver Would typically adjust the 
mirror position While driving at highWay speeds. 

Thus, When a mirror adjustment is detected that is Within 
the expected range and/or time so as to be indicative of an 
adjustment of the mirror head/re?ective element by the driver 
of the vehicle to adjust his or her ?eld of vieW rearWard 
through the rear WindoW of the vehicle, the compass system 
of the present invention may enter the aggressive calibration 
mode and begin looking for cardinal directional headings 
(such as North, South, East or West), such as three or more of 
the cardinal directional points. The compass system may 
distinguish betWeen deviations or signatures or patterns that 
are indicative of anomalies and signatures or patterns that are 
indicative of normal mirror adjustments by the driver and may 
enter the calibration mode When a mirror adjustment is 
detected. 
The compass system may remain in the aggressive calibra 

tion mode for an aggressive calibration period. The aggres 
sive calibration period may continue until, for example, the 
three cardinal points or more or less are detected so that the 
compass system is again considered recalibrated. Optionally, 
and desirably, the aggressive calibration period may termi 
nate even if the compass system has not yet sensed three or 
more cardinal points, such as after a predetermined or thresh 
old period of time has elapsed since detection of the adjust 
ment, or after the ignition cycle is terminated or the ignition is 
turned off, and before detection of the third cardinal point, so 
that the compass system does not remain in the aggressive 
calibration mode for an excessive period of time. Because it is 
possible that the compass system may pick up an anomaly 
during the aggressive calibration mode (such as, for example, 
if the compass system detects the true North and West cardi 
nal points, but detects an anomaly and erroneously considers 
the anomaly to be the East cardinal point), and thus may use 
the false signal and result in a premature exit of the calibration 
mode and an erroneous directional heading indication, it is 
desirable that the compass system return to the aggressive 
calibration mode at the onset ofeach ignition cycle, and/ or the 
next ignition cycle folloWing the detection of the mirror 
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adjustment and aggressive calibration mode. Desirably, the 
compass system may initiate the aggressive calibration mode 
at the onset of each ignition cycle, and the compass system 
may remain in the aggressive calibration mode until three 
cardinal points (or more or less as desired) are detected or for 
a predetermined period of time folloWing the ignition activa 
tion or When the ignition cycle is terminated. 

Optionally, if an abrupt change upWard or doWnWard (or 
pivoting about a generally horiZontal axis) is detected, the 
control circuitry may determine that such an adjustment is 
indicative of toggling or ?ipping the mirror re?ective element 
betWeen the daytime and nighttime orientations, and may 
account for the 41/2 degree (or thereabouts, depending on the 
particular mirror application) change or adjustment via soft 
Ware compensation. Preferably, in such an embodiment, the 
nominal condition or orientation of the compass sensor is met 
When the mirror re?ective element is at the daytime position 
or orientation. The determination of the doWnWard or upWard 
movement of the mirror assembly may be made irrespective 
of the vehicle speed, since such an adjustment (the ?ipping or 
toggling of the re?ective element betWeen the daytime and 
nighttime positions) may often occur While the driver is driv 
ing the vehicle at higher speeds. 

The compass display 22 may provide a display region at the 
re?ective element 16 Which includes ports or portions, Which 
may comprise icons, characters or letters or the like represen 
tative of only the cardinal directional points, such as, for 
example, the characters N, S, E, W, formed or etched in the 
re?ective ?lm coating of the re?ective element (and forming 
a transparent WindoW therein), such as via techniques such as 
disclosed in commonly assigned US. Pat. No. 4,882,565, 
issued to Gallmeyer on Nov. 21, 1989, and such as described 
in Ser. No. 10/456,599, ?led Jun. 6, 2003 by Weller et al. for 
INTERIOR REARVIEW MIRROR SYSTEM WITH COM 
PASS, now US. Pat. No. 7,004,593. Optionally, hoWever, 
re?ective element may comprise a trans?ective or display on 
demand (DOD) re?ective element, and the compass display 
may be a display on demand (DOD) type of display, such as 
disclosed in commonly assigned US. Pat. Nos. 6,690,268; 
5,668,663 and 5,724, 187, andU.S. patent application Ser. No. 
10/054,633, ?led Jan. 22, 2002 by Lynam et al. forVEHICU 
LAR LIGHTING SYSTEM, now US. Pat. No. 7,195,381, 
the entire disclosures of Which are hereby incorporated by 
reference herein, Without affecting the scope of the present 
invention. 

The display may include a plurality of illumination 
sources, such as light emitting diodes and such as blue light 
emitting diodes, such as an OSRAM LBT673-M2N2-35 light 
emitting p diode or the like, Which are operable to illuminate 
one or more ports or regions or appropriate F characters or 

letters (or through the trans?ective DOD re?ective element) 
to indicate the direction in Which the vehicle is driving, such 
as described in Ser. No. 10/456,599, ?led Jun. 6, 2003 by 
Weller et al. for INTERIOR REARVIEW MIRROR SYS 
TEM WITH COMPASS, now US. Pat. No. 7,004,593. The 
display ports or characters of the display may include only the 
four cardinal directional points (such as, for example, the 
characters N, S, E, W) formed or etched in the re?ective ?lm 
coating of the re?ective element (and forming a transparent 
WindoW therein), or may include eight directional points, 
such as the four cardinal directional points and the four inter 
cardinal points (such as, for example, the characters N, NE, E, 
SE, S, SW, W, NW), Without affecting the scope of the present 
invention. 

The re?ective element 16 may also include a port or aper 
ture or hole in the center area or region of the display area (or, 
as discussed above, may comprise a trans?ective or DOD 
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re?ective element) to accommodate a photo detector or sen 
sor (not shoWn), such as a photo transistor, a photo resistor, a 
photo diode or the like, Which may be operable to sense the 
ambient light levels surrounding the mirror assembly or the 
light from headlights of vehicles rearWard of the subject 
vehicle. The photosensor may be positioned or mounted on 
the printed circuit board and may be positioned, aligned and 
directed to receive illumination through the aperture or hole 
in the re?ective element coating at the display region or 
elseWhere on the re?ective element or the casing (such as 
through an opening formed in a Wall of the casing immedi 
ately adjacent to the location of the photosensor). The photo 
sensor may detect the ambient light levels generally sur 
rounding the mirror assembly to provide for dimming of the 
output of the display in darkened lighting conditions, such as 
at nighttime conditions, in order to reduce the intensity of the 
display to reduce glare and distraction and annoyance to the 
driver of the vehicle. Optionally, such dimming of the display 
may be performed in response to an instrument panel dim 
ming system of the vehicle, Without affecting the scope of the 
present invention. 

Optionally, the magnetoresponsive compass sensor or cir 
cuitry responsive to the Earth’s magnetic ?eld may be oper 
able in conjunction With the global positioning system of the 
vehicle to provide directional heading data to the global posi 
tioning system, such as disclosed in US. patent application 
Ser. No. 10/422,378, ?led Apr. 24, 2003 by Scho?eld for 
IMAGING SYSTEM FOR VEHICLE, now US. Pat. No. 
6,946,978, and/or Ser. No, 10/456,599, ?led Jun. 6,2003 by 
Weller et al. for INTERIOR REARVIEW MIRROR SYS 
TEM WITH COMPASS, now US. Pat. No. 7,004,593, Which 
are hereby incorporated herein by reference. The compass 
sensor circuitry may provide such directional heading data to 
assist the global positioning system in maintaining tracking 
of the location of the vehicle, such as betWeen Waypoints or 
the like, When the satellite signal to the global positioning 
system is interrupted, such as may occur in cities betWeen tall 
buildings (often referred to as “urban canyons”) or the like. 
Other vehicle movement data may also be provided, such as 
vehicle speed data or vehicle odometer data or the like, to 
further assist in determining and tracking the location of the 
vehicle in situations Where the satellite communication to the 
global positioning system of the vehicle may be temporarily 
interrupted or compromised. Optionally, an imaging system 
(such as described in US. patent application Ser. No. 10/ 422, 
378, ?led Apr. 24, 2003 by Scho?eld for IMAGING SYS 
TEM FORVEHICLE, now US. Pat. No. 6,946,978, Which is 
hereby incorporated herein by reference) may be used to 
further assist in determining and tracking the location of the 
vehicle in situations Where the satellite communication to the 
global positioning system may be temporarily interrupted or 
compromised. 

Optionally, the printed circuit board of the compass or 
mirror system (such as a printed circuit board of a compass 
module or pod or a printed circuit board of the mirror assem 
bly) of the present invention may include another display 
element along or partially along an edge of the board and may 
include one or more user-actuatable controls or buttons near 

or adjacent to the display element. The display element may 
be any type of display, such as a vacuum ?uorescent (VF) 
display, a light emitting diode (LED) display, an electrolumi 
nescent (EL) display, a liquid crystal display (LCD), a video 
screen display or the like, and may be operable to display 
various information (as discrete characters, icons or the like, 
or in a multi-pixel manner) to the driver of the vehicle, such as 
passenger side in?atable restraint (PSIR) information, tire 
pressure status, and/or the like. The buttons may be for actu 
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ating or controlling various accessories or controls or com 
ponents associated With the vehicle, such as for a compass 
calibration setting or Zone setting, a telematics actuation, a 
garage door opener, an electronic toll control (such as dis 
closed in US. Pat. No. 6,690,268, Which is hereby incorpo 
rated herein by reference), and/or other accessories or sys 
tems or functions or the like, or may be for sWitching the 
display betWeen various functions or modes, Without affect 
ing the scope of the present invention. The mirror casing may 
include appropriate openings, such that the display element is 
visible through one opening, While the buttons or controls 
may partially protrude through other corresponding openings 
When an appropriate circuit board is installed Within the mir 
ror casing. 

Optionally, the mirror assembly and/or a mounting base of 
the mirror mounting assembly may include or incorporate an 
electrical accessory or element or circuitry that may be elec 
trically connected to a corresponding electrical accessory or 
element or circuitry Within the mirror casing. For example, 
and With reference to FIG. 7, a mirror assembly 110 may 
include an essentially all-polymeric or plastic mounting 
assembly 112 having a mounting base 124 that houses or 
contains an electrical element or circuitry or sensor 132, such 
as a compass sensor, such as a magneto-responsive sensor, 
such as a magneto-resistive sensor, a magneto-capacitive sen 
sor, a magneto-inductive sensor, a ?ux-gate sensor or a Hall 
effect sensor or the like. The sensor 132 may be positioned at 
and Within the molded base portion 126a so that the sensor is 
substantially ?xedly positioned Within the vehicle When the 
mounting base is attached to the mounting button or structure 
of the vehicle, such as described in US. patent application 
Ser. No. 11/226,628, ?led Sep. 14, 2005, Which is hereby 
incorporated herein by reference. The sensor 132 may include 
a lead or Wire or Wires 134 With a connector 134a, such as a 
multi-pin plug or socket or the like, at an end thereof for 
connecting to a corresponding connector or plug or socket 
130!) of electrical conductors 130 of support arm 122. The 
support arm 122 and electrical conductors 128, connectors 
130a, 130b, mirror housing or casing 118 and socket 120 of 
mirror assembly 110 may utiliZe aspects of the mirror assem 
blies described in US. patent application Ser. No. 11/226, 
628, ?led Sep. 14, 2005, Which are hereby incorporated 
herein by reference. 

Mounting base 124 may be molded or formed to de?ne the 
base portion 126a and a socket portion 12411 for receiving ball 
member 12219 ofsupport arm 122. The base portion 126a may 
be molded over and at least partially around a metallic insert 
1261). Base portion 126a may be molded or formed With a 
cavity 1260 and/or passageWay for receiving the sensor or 
Wire, or may be overmolded over and at least partially around 
the sensor and/or Wire. The Wire 134 comprises a ?ying lead 
or ?exible lead that extends from the base portion 12611 to the 
connector or terminals at the support arm 122, and includes 
suf?cient slack or ?exibility to accommodate pivotal move 
ment or articulation of the support arm relative to the socket 
12411 of mounting base 124. The other connector 13011 (at ball 
member 12211 received in socket 120 (Which may be formed 
at the casing or at a toggle member or attachment or back plate 
of the mirror)) may connect to a corresponding connector at a 
circuit board or electrical element or the like at the mirror 
casing, such as to circuitry on a circuit board at the re?ective 
element or the like. The electrical element at or in the mirror 
casing may include controls or display circuitry and elements 
that are associated With or incorporated in a compass system 
and/ or display system of the mirror assembly. 

The accessory or sensor (or other electrical component or 
circuitry) thus may be positioned or located at or Within the 
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plastic molded mounting base of the mirror assembly. The 
accessory thus is positioned generally along the longitudinal 
axis of the mounting arm, and generally betWeen the ball 
member 12219 and the mounting base/mounting button at the 
Windshield When the mirror assembly is installed in a vehicle, 
and not substantially above or beloW the mounting base (such 
as in a pod or gondola or module located above or beloW the 
mirror assembly) such as is typically done in knoWn mirror 
assemblies. By positioning the accessory generally along the 
longitudinal axis of the support arm or generally along the 
Z-axis (the axis along the vehicle and normal to the cross car 
or x-axis and the vertical or y-axis), the accessory is located 
generally betWeen the Windshield and the mirror casing and 
re?ective element When the mirror assembly is installed in the 
vehicle, and does not extend substantially above or beloW or 
to either side of the mirror When the mirror assembly is 
installed in the vehicle. The mounting base thus may house or 
contain the accessory in a location that does not interfere With 
the forWard ?eld of vieW of the driver of the vehicle. The 
mirror assembly of the present invention thus may provide a 
?xed sensor With double ball movement or articulation, and 
With reduced interference With the forWard ?eld of vieW by 
the driver of the vehicle. 

Optionally, the electrical accessory or circuitry housed or 
contained Within the mounting base may comprise a compass 
sensor that is part of a compass system and/or display of the 
mirror assembly and/or vehicle. Note that the magneto-re 
sponsive sensor used With the mirror assembly may comprise 
a magneto-responsive sensor, such as a magneto-resistive 
sensor such as the types disclosed inU.S. Pat. Nos. 5,255,442; 
5,632,092; 5,802,727; 6,173,501; 6,427,349; and 6,513,252 
(Which are hereby incorporated herein by reference), or a 
magneto-inductive sensor, such as described in US. Pat. No. 
5,878,370 (Which is hereby incorporated herein by refer 
ence), or a magneto-impedance sensor, such as the types 
described in PCT Publication No. WO 2004/076971 A2, pub 
lished Sep. 10, 2004 (Which is hereby incorporated herein by 
reference), or a Hall-effect sensor, such as the types described 
in US. Pat. Nos. 6,278,271; 5,942,895 and 6,184,679 (Which 
are hereby incorporated herein by reference). The sensor 
circuitry and/or the circuitry in the mirror housing and asso 
ciated With the sensor may include processing circuitry. For 
example, a printed circuit board may include processing cir 
cuitry Which may include compensation methods such as 
those described in US. Pat. Nos. 4,546,551; 5,699,044; 
4,953,305; 5,576,687; 5,632,092; 5,677,851; 5,708,410; 
5,737,226; 5,802,727; 5,878,370; 6,087,953; 6,173,508; 
6,222,460; and 6,642,851, Which are all hereby incorporated 
herein by reference. The compass sensor may be incorporated 
in or associated With a compass system and/ or display system 
for displaying a directional heading of the vehicle to the 
driver, such as a compass system of the types described in 
US. Pat. Nos. 5,924,212; 4,862,594; 4,937,945; 5,131,154; 
5,255,442; and/or 5,632,092, and/or US. patent application 
Ser. No. 10/456,599, ?led Jun. 6, 2003 by Weller et al. for 
INTERIOR REARVIEW MIRROR SYSTEM WITH COM 
PASS, now US. Pat. No. 7,004,593; and/or Ser. No. 11/029, 
695, ?led J an. 5, 2005 by Lindahl et al. for MIRRORASSEM 
BLY, now US. Pat. No. 7,253,723, and/or PCT Application 
No. PCT/US2004/015424, ?led May 18, 2004 by Donnelly 
Corp. et al. for MIRROR ASSEMBLY FOR VEHICLE, and 
published on Dec. 2, 2004, as International Publication No. 
WO 2004/ 103772, and/or US. provisional application Ser. 
No. 60/636,931, ?led Dec. 17, 2004, Which are all hereby 
incorporated herein by reference. 

Optionally, the sensor may comprise a tWo-axis sensor 
(comprising tWo magneto-responsive sensor elements dis 
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posed at a ?xed angle relative to each other, such as, prefer 
ably, orthogonally to each other, and disposed in the cavity 
1260 generally parallel to the ?oor plane of the vehicle so as 
to be sensitive to the horizontal component of the Earth’s 
magnetic ?eld), or the sensor may comprise a three-axis 
sensor (comprising tWo magneto-responsive sensor elements 
disposed orthogonally to each other and disposed in the cav 
ity, and a third magneto-responsive sensor element at a right 
angle (approximately ninety degrees) to the tWo sensor ele 
ments and disposed in the cavity, so that the three-axis sensor 
is sensitive to the horizontal component and to the vertical 
component of the Earth’s magnetic ?eld), Without affecting 
the scope of the present invention. The sensor may be 
arranged at a desired angle to provide enhanced sensing in the 
horizontal directions When the mirror assembly is installed in 
the vehicle. For example, aspects of constructions such as are 
disclosed in US. Pat. Nos. 6,140,933 and 6,928,366, Which 
are hereby incorporated herein by reference, may be utilized. 

Optionally, an integrated automotive “compass-on-a-chip” 
may be disposed in the cavity of the mounting base and may 
comprise at least tWo magneto-responsive sensor elements 
(preferably Hall effect sensors established on the semicon 
ductor substrate, preferably a silicon substrate, in the same 
VLSI chip/ circuitry manufacturing process, using chip 
manufacturing processing means as knoWn in the ASIC art), 
associated A/D and D/A converters, associated microproces 
sor(s) and memory, associated signal processing and ?ltering, 
associated display driver and associated LIN/CAN BUS 
interface and the like, all (or a sub-set thereof) created or 
disposed onto a semiconductor substrate, such as a silicon 
substrate (such as using CMOS technology), and constituting 
an ASIC chip, Which is small (preferably less than approxi 
mately a tWo square centimeter area, more preferably less 
than approximately a 1.5 square centimeter area, and most 
preferably less than approximately a one square centimeter 
area or thereabouts) and readily packagable into the cavity. 
Thus, poWer (such as 12 volts or thereabouts, such as from the 
vehicle poWer source or the like) may be supplied to the ASIC 
chip and the ASIC chip may include all or substantially all of 
the circuitry for operation When the poWer source is con 
nected to the ASIC chip. 

Optionally, and preferably, such a compass-on-a-chip 
ASIC may also include the hardWare and softWare required to 
receive an output from a temperature sensor (such as a ther 
mocouple or thermostat that is located external the vehicle 
cabin in order to sense and monitor the temperature external 
to the vehicle) and to convert this signal to a reading in 
degrees Fahrenheit or Celsius, and to provide this reading via 
an on-chip temperature display driver and/or via a BUS pro 
tocol or via an on-chip Wireless transmitter or the like to a 
digital or other type of temperature display so that the driver 
and/or occupants of the vehicle can vieW the temperature 
being measured (such as the temperature external the vehicle 
and/ or the temperature Within the vehicle cabin). Thus, for 
example, a monolithic compass/temp-on-a-chip ASIC may 
be disposed in the likes of a mirror mount or Within the mirror 
head/housing of an interior rearvieW mirror assembly, and it 
may provide both the external temperature readout and a 
compass direction heading readout to an information display 
at the mirror head/housing (or elseWhere in the vehicle, such 
as the instrument panel/cluster or at an overhead console or 

accessory module or the like). Optionally, such a chip or 
circuit board or circuitry may also or otherWise comprise EC 
driver circuitry for controlling/driving an electro-optic or 
electrochromic re?ective element or cell, such as by utilizing 
aspects of the EC driver-on-a-chip such as described in US. 
patent application Ser. No. 11/201 ,66 1, ?ledAug. 11,2005 by 
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24 
DeWard et al. for ACCESSORY MODULE FOR VEHICLE, 
now US. Pat. No. 7,480,149, Which is hereby incorporated 
herein by reference. 

Optionally, the compass ASIC chip and/ or compass sensor 
may be disposed at or in an exterior rearvieW mirror assembly 
of the vehicle (Which typically utilizes a plastic housing). 
Such a location may locate the compass chip and compass 
sensor outside of the magnetic anomalies of the vehicle and at 
a location Where the compass sensor may be less susceptible 
to or less effected by the Windshield Wipers of the vehicle or 
other accessories or metal of the vehicle. Optionally, and 
regardless of Whether the compass chip is located behind the 
mirror re?ector element or at the mirror mount or at an exte 
rior mirror assembly of the vehicle or elseWhere in the 
vehicle, the display associated With the compass chip may be 
located at the re?ector element or elseWhere in the vehicle, 
such as at the mirror mount or at an accessory module or 

Windshield electronics module or console or the like of the 
vehicle. 

Optionally, the printed circuit board, or the mirror assem 
bly (or the compass module or an accessory module associ 
ated With the mirror assembly), may include other accesso 
ries, such as an image sensor (such as a video camera, such as 
a CMOS imaging array sensor, a CCD sensor or the like, such 
as the types of imaging sensors or cameras disclosed in com 
monly assigned, US. Pat. Nos. 5,550,677; 6,097,023 and 
5,796,094, and/or PCT Application No. PCT/US2003/ 
036177, ?led Nov. 14, 2003 by Donnelly Corp. for IMAG 
ING SYSTEM FOR VEHICLE, Which are hereby incorpo 
rated herein by reference), a temperature sensor (such as a 
contact temperature sensor for measuring the temperature at 
or of the Windshield), an antenna, or any other sensor or 
device. For example, the mirror assembly may include a 
forWard facing video image sensor or system, Which may 
include or may be associated With an intelligent rain sensor 
(such as the types disclosed in commonly assigned US. Pat. 
Nos. 6,320,176; 6,353,392 and 6,313,454, Which are hereby 
incorporated herein by reference), an image or vision system 
(including an imaging sensor, such as a video camera, such as 
a CMOS imaging array sensor, a CCD sensor or the like, such 
as the types disclosed in commonly assigned, US. Pat. Nos. 
5,550,677; 6,097,023 and 5,796,094, and US. patent appli 
cation Ser. No. 10/422,378, ?led Apr. 24, 2003 by Scho?eld 
for IMAGING SYSTEM FOR VEHICLE, now US. Pat. No. 
6,946,978, Which are hereby incorporated herein by refer 
ence), such as an imaging or object detection system or back 
up aid of the types described in US. Pat. Nos. 6,757,109; 
6,717,610; 6,590,719; 6,201,642; 5,929,786; and/or 5,786, 
772, and/or US. patent application Ser. No. 10/427,051, ?led 
Apr. 30, 2003 by PaWlicki et al. for OBJECT DETECTION 
SYSTEM FOR VEHICLE, now US. Pat. No. 7,038,577; 
and/or Ser. No. 11/239,980, ?led Sep. 30, 2005 by Camilleri 
et al. for VISION SYSTEM FOR VEHICLE, and/or US. 
provisional applications Ser. No. 60/628,709, ?led Nov. 17, 
2004 by Camilleri et al. for IMAGING AND DISPLAY SYS 
TEM FOR VEHICLE; Ser. No. 60/614,644, ?led Sep. 30, 
2004; and/or Ser. No. 60/618,686, ?led Oct. 14, 2004 by 
Laubinger for VEHICLE IMAGING SYSTEM, Which are 
hereby incorporated herein by reference, or an intelligent 
headlamp controller (such as the types described in US. Pat. 
Nos. 5,796,094; 5,715,093; and/or 6,824,281, and/or in US. 
patent application Ser. No. 10/ 958,087, ?led Oct. 4, 2004 by 
Scho?eld et al. forVEHICLE ACCESSORY MODULE, now 
US. Pat. No. 7,188,963, and/or US. patent application Ser. 
No. 11/105,757, ?ledApr. 14, 2005, now US. Pat. No. 7,526, 
103; and US. provisional applications Ser. No. 60/607,963, 
?led Sep. 8, 2004 by Scho?eld for IMAGING SYSTEM FOR 
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VEHICLE; and Ser. No. 60/562,480, ?led Apr. 15, 2004 by 
Scho?eld for IMAGING SYSTEM FOR VEHICLE, Which 
are hereby incorporated herein by reference), or an intelligent 
lane departure Warning system (such as the types described in 
US. patent application Ser. No. 10/209,173, ?led Jul. 31, 
2001 by Scho?eld for AUTOMOTIVE LANE CHANGE 
AID, now US. Pat. No. 6,882,287; and/or Ser. No. 10/427, 
051, ?led Apr. 30, 2003 by PaWlicki et al. for OBJECT 
DETECTION SYSTEM FOR VEHICLE, now US. Pat. No. 
7,038,577, Which are hereby incorporated herein by refer 
ence), or indicator/ display for a blind spot indicator or object 
detection system, such as the types described in US. provi 
sional application Ser. No. 60/696,953, ?led Jul. 6, 2005; and 
US. patent application Ser. No. 11/226,628, ?led Sep. 14, 
2005, Which are hereby incorporated herein by reference, 
and/or the like. In applications Where the mirror assembly 
includes or is associated With an automatic headlamp control 
system, it is envisioned that the display of the mirror system 
may include or provide a high beam/loW beam indicator (such 
as an icon or indicia indicative of the high beams being 
activated, such as a blue headlamp indicia or the like) to 
indicate the status of the high beams of the vehicle to the 
driver or occupant of the vehicle. 

Optionally, the mirror assembly or compass or accessory or 
electronic module of the present invention may include one or 
more displays, such as a text display, an icon display, a display 
on demand (DOD) type display (such as may be implemented 
With a trans?ective re?ective element, such as described in 
US. Pat. Nos. 5,668,663; 5,724,187; and 6,690,268, the 
entire disclosures of Which are hereby incorporated by refer 
ence herein), such as a video or touch screen interface display, 
or a video display screen, such as the types described in PCT 
Application No. PCT/US03/40611, ?led Dec. 19, 2003 by 
Donnelly Corp. et al. for ACCESSORY SYSTEM FOR 
VEHICLE, and/or US. patent application Ser. No. 11/284, 
543, ?led Nov. 22, 2005, now US. Pat. No. 7,370,983, and/or 
US. provisional applications Ser. No. 60/630,061, ?led Nov. 
22, 2004 by Lynam et al. for MIRROR ASSEMBLY WITH 
VIDEO DISPLAY; and Ser. No. 60/667,048, ?led Mar. 31, 
2005, Which are hereby incorporated herein by reference, or 
the like, and/or one or more sensors or other accessories, such 
as a biometric imager, such as for ?ngerprint authentication or 
the like, an infrared sensor, such as a Zonal temperature sen 
sor, such as suitable for an auto climate control, a forWard 
facing image sensor, such as described above, a rearWard 
facing image sensor (such as for biometric imaging (such as 
for face recognition, iris recognition or the like), seat height or 
position detection, droWsiness detection, safety/restraints 
object detection and position, emergency response image 
capture system, intrusion detection or the like), an electro 
magnetic ?eld sensor (such as the type disclosed in com 
monly assigned US. Pat. No. 6,768,420, Which is hereby 
incorporated herein by reference). 

Optionally, and for a mirror assembly having a slideout or 
extendable/retractable display, such as a video slideout dis 
play or the like (such as the types described in PCT Applica 
tion No. PCT/US03/40611, ?led Dec. 19, 2003 by Donnelly 
Corp. et al. for ACCESSORY SYSTEM FOR VEHICLE, 
and/ or US. patent application Ser. No. 11/284,543, ?led Nov. 
22, 2005, now US. Pat. No. 7,370,983, and/or U.S. provi 
sional applications Ser. No. 60/630,061, ?led Nov. 22, 2004 
by Lynam et al. for MIRROR ASSEMBLY WITH VIDEO 
DISPLAY; and Ser. No. 60/667,048, ?led Mar. 31, 2005, 
Which are hereby incorporated herein by reference), the dis 
play may be operable or activatable When in its retracted or 
partially retracted position so as to provide display informa 
tion, such as directional heading information or temperature 

20 

25 

30 

35 

40 

50 

55 

60 

65 

26 
information or other vehicle information or the like, that is 
vieWable through the re?ective element When the display is at 
least partially retracted. As described in the above referenced 
applications, such a slideout display is extended to display 
information to the driver of the vehicle and may be retracted 
When such information is not being displayed. When 
retracted, the display typically is deactivated and located 
behind the mirror re?ector. In such a retracted or partially 
retracted position, the display element or screen is positioned 
at least partially at the rear of the mirror re?ector element With 
the display element or screen facing the rear surface of the 
mirror re?ector element. 

It is thus envisioned that the display element (such as a 
video display element or LCD element or the like) may be 
activated When it is retracted or at least partially retracted, so 
that the display information or illumination emitted by the 
display element may be projected through the trans?ective 
mirror re?ector element for vieWing at the mirror re?ector 
element. For example, and for mirror assemblies having a 
trans?ective mirror re?ector element, the opaque backing of 
the re?ector element may have a WindoW or aperture or dis 
play area formed therethrough so that at least a portion of the 
display element, When activated in its retracted or partially 
retracted position, is vieWable through the trans?ective mirror 
re?ector at the display area. 

In such an embodiment, it is desirable that there be a close 
or substantial optical coupling betWeen the front surface of 
the display element or screen (the surface facing generally 
toWard the driver of the vehicle When the mirror assembly is 
mounted in the vehicle) and the rear surface of the mirror 
re?ector element (the surface facing generally aWay from the 
driver of the vehicle When the mirror assembly is mounted in 
the vehicle). Preferably, the mirror assembly may include an 
opaquifying or shading cover or baf?e element that covers the 
display area When the slideout display is extended or at least 
partially extended and not activated to provide display infor 
mation at the display area. For example, an opaque shading 
element may move over the WindoW area at the rear of the 
mirror re?ector element to cover/shade/opaquify the WindoW/ 
display area so that the internal components of the mirror 
assembly are not vieWable through the WindoW/ display area 
When the display element is moved at least partially toWard its 
extended position. 

Thus, for example, a video slideout interior rearvieW mir 
ror assembly can be provided that, When the driver selects 
reverse gear, a back lit TFT LCD screen may extend at the 
passenger side to display an image of a scene occurring 
immediately to the rear of the vehicle (such as captured by a 
rear mounted camera) so that the driver may vieW the image 
during a reversing maneuver to assist in reversing the vehicle. 
Preferably, such a display may include a graphic overlay or 
other indicia or the like, such as described in US. patent 
application Ser. No. 11/284,543, ?led Nov. 22, 2005, now 
US. Pat. No. 7,370,983, to assist the driver in making the 
reversing maneuver. Upon the disengagement of the reverse 
gear by the driver, the display slides in or retracts to its stoWed 
position. When the driver is driving the vehicle forWard along 
a road, a compass display is vieWable to the driver When he or 
she looks at the mirror. The compass display may be derived 
from a compass-on-a-chip sensor that is preferably mounted 
Within a mirror mount or alternatively Within the mirror cas 
ing or elseWhere in the vehicle. The compass display at the 
mirror re?ector or re?ective element (such as a trans?ective 
electrochromic re?ective element or a trans?ective prismatic 
re?ective element or the like) is provided by the same TFT 
LCD display screen or display element that is noW stoWed 
behind the re?ective element and is seen through the trans 


















