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COMPASS CALIBRATION SYSTEM AND 
METHOD 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to and the bene?t of 
US. Provisional Application Ser. No. 60/902,409, ?led Feb. 
21, 2007, entitled “Compass Calibration System and 
Method,” Which is hereby expressly incorporated by refer 
ence. 

BACKGROUND 

[0002] The present disclosure relates to magnetic direction 
sensing system. The magnetic direction sensing system uti 
liZes a positioning system to assist in compass calibration. 
[0003] There exists a need for a compass compensation 
system capable of more ef?ciently and accurately compen 
sating for and recovering from abrupt changes in vehicular 
magnetism regardless of the signi?cance of the change and 
having the capability to more ef?ciently and more accurately 
compensate for the initial vehicular magnetism of a neW 
vehicle. 
[0004] Further, there is a need to determine the geographic 
Zone the compass is located in and automatically and con 
tinually apply the correct compass error factor. 
[0005] What is needed is a system and/or method that sat 
is?es one or more of these needs or provides other advanta 
geous features. Other features and advantages Will be made 
apparent from the present speci?cation. The teachings dis 
closed extend to those embodiments that fall Within the scope 
of the claims, regardless of Whether they accomplish one or 
more of the aforementioned needs. 

SUMMARY 

[0006] One embodiment relates to a system including a 
compass, a receiver con?gured to communicate With a posi 
tioning system, and a processor con?gured to communicate 
With the compass and the receiver. The system further 
includes a ?rst input for receiving a ?rst signal associated 
With the compass and a second input for receiving a second 
signal associated With the positioning system. The processor 
is con?gured to calculate a compass error factor based on a 
deviation analysis. The deviation analysis is based on the ?rst 
signal and the second signal. 
[0007] One embodiment relates to an in-vehicle compass 
system including a compass, a transceiver con?gured to com 
municate With a positioning system, and a processor con?g 
ured to communicate With the compass and the transceiver. 
The in-vehicle compass system also includes a control circuit 
con?gured to communicate With the processor. The in-ve 
hicle compass system further includes a memory device con 
?gured to store an in-vehicle compass system con?guration, 
at least one magnetic ?eld model compass error factor and 
con?gured to communicate With the control circuit. The in 
vehicle compass system con?guration includes a magnetic 
?eld model utiliZation parameters and a deviation analysis 
utiliZation parameters. The control circuit utiliZes a magnetic 
?eld model compass error factor based on the magnetic ?eld 
model utiliZation parameters being triggered and the control 
circuit utiliZes a compass error factor from a deviation analy 
sis based on the deviation analysis utiliZation parameters 
being triggered. 
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[0008] One embodiment relates to a method for calibrating 
an electronic compass system including calculating a location 
based on a positioning system location signal and calculating 
a deviation analysis based on the positioning system location 
signal and a compass signal. The method further includes 
calculating a compass error factor based on the deviation 
analysis and utiliZing the compass error factor to adjust the 
electronic compass system. 
[0009] One embodiment relates to a method for calibrating 
an electronic compass system including determining a longi 
tude position and a latitude position and determining a mag 
netic ?eld strength utiliZing a magnetic ?eld model based on 
the longitude position and the latitude position. The method 
further includes determining a vehicle heading based on a 
positioning signal and determining a magnetic heading cor 
rection factor based on the magnetic ?eld strength and the 
vehicle heading. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The application Will become more fully understood 
from the folloWing detailed description, taken in conjunction 
With the accompanying draWings. 
[0011] FIG. 1 is a graph illustrating the ideal signal repre 
senting the sensed magnetic ?eld of the earth When the 
vehicle travels in a 3600 loop, and the signal after a change in 
vehicular magnetism; 
[0012] FIG. 2 is a graph illustrating the signal representing 
the sensed magnetic ?eld of the earth after a large change in 
vehicular magnetism causing the saturation limits of a com 
pass utiliZing either ?ux-gate, magneto-resistive sensors or 
magneto-inductive sensors to be exceeded; 
[0013] FIG. 3 is a graph illustrating the signal representing 
the sensed magnetic ?eld of the earth after an intermediate 
change in vehicular magnetism; 
[0014] FIG. 4 is a graph illustrating the ideal signal from the 
magnetic ?eld sensor and the signal after a change in vehicu 
lar magnetism Whereby the center of the circle obtained after 
the change in magnetism is determined in accordance With 
the teachings ofU.S. Pat. No. 5,737,226; 
[0015] FIG. 5 is a perspective vieW of a motor vehicle that 
includes a number of vehicle systems, including an in-vehicle 
control system, according to one exemplary embodiment; 
[0016] FIG. 6 is an electrical circuit diagram in block form 
of the compass system, according to an exemplary embodi 
ment; 
[0017] FIG. 7 is an electrical circuit diagram in block form 
of the interface circuit shoWn in FIG. 6, according to an 
exemplary embodiment; 
[0018] FIG. 8 is as electrical circuit diagram in schematic 
form of an exemplary oscillator used in the interface circuit 
shoWn in FIG. 6, according to an exemplary embodiment; 
[0019] FIG. 9 is a table illustrating deviation of cardinal and 
intercardinal compass headings for a magnetic compass 
Which has not been adjusted; 
[0020] FIG. 10 is a table illustrating the deviation due to 
each component, and the total, on various headings of the 
compass in the example given above; 
[0021] FIG. 11 is a graphical model of deviation analysis 
coef?cients and total deviation of an unadjusted magnetic 
compass, according to an exemplary embodiment; 
[0022] FIG. 12A is a graphical model of a magnetic ?eld 
model of the earth, according to an exemplary embodiment; 
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[0023] FIG. 12B is a graphical model of a magnetic ?eld 
model of NorthAmerica, according to an exemplary embodi 
ment; 
[0024] FIG. 13 is an illustrative process How, according to 
an exemplary embodiment; and 
[0025] FIG. 14 is an illustrative model shoWing an example 
of calculating the center/reference point on a vehicle moving 
in an arc pattern, according to an exemplary embodiment. 

DETAILED DESCRIPTION OF THE 
EXEMPLARY EMBODIMENTS 

[0026] Before turning to the ?gures Which illustrate the 
exemplary embodiments in detail, it should be understood 
that the application is not limited to the details or methodol 
ogy set forth in the folloWing description or illustrated in the 
?gures. It should also be understood that the phraseology and 
terminology employed herein is for the purpose of descrip 
tion only and should not be regarded as limiting. 
[0027] FIG. 1 discloses a magnetic ?eld sensor and micro 
processor-controlled compass system for a vehicle. The sys 
tem utiliZes ?ux-gate magnetic sensors to sense the magni 
tude of the earth’s magnetic ?eld in tWo channels of 
measurement. The sensor data, if plotted on an X-Y Cartesian 
coordinate plane, Would be as shoWn in FIG. 1. For a properly 
calibrated compass, the plot of sensor data creates a perfect 
circle centered around the origin of the coordinate plane When 
the vehicle travels in a 360° loop, as indicated by graphA of 
FIG. 1. The radius of the circle represents the detected Earth’s 
magnetic ?eld strength, and the vehicle’s compass heading at 
a particular time during travel is represented by a point on the 
circle. By calculating the angle at Which the point forms With 
the X-Y coordinate plane, the compass heading of the vehicle 
may be determined. Depending on the location of the vehicle, 
the detected magnitude of the earth’s magnetic ?eld can vary 
signi?cantly. 
[0028] The sensed magnetic ?eld Will also be affected if 
there is a change in vehicular magnetism. Changes in the 
magnetism of a vehicle can be caused by driving the vehicle 
near the electrical poWer feeders of train or subWay systems, 
installing a magnetic cellular antennae on the vehicle’s roof, 
parking under anAC poWerline, or even driving through a car 
Wash, Which can ?ex the sheet metal in the vicinity of the 
compass sensor and change its magnetic characteristics. The 
magnetic ?eld can also be changed by a moving vehicle 
accessory, such as, a door, WindoW or sunroof. Further, the 
magnetic ?eld can be changed by a WindoW defroster or 
WindoW grid. Such a change in vehicular magnetism Will 
cause the magnetic ?eld sensed by the compass channels 
When the vehicle is heading in a given direction to be either 
greater than or less than that expected for a vehicle With no 
magnetic interference. As a result, the plot of sensor data Will 
be shifted aWay from the origin of the coordinate plane in 
some direction, resulting in a pattern such as the circle shoWn 
in circle B of FIG. 1 When the vehicle travels a 360° loop. The 
magnitude of the shift of sensor data from the origin is pro 
portional to the magnitude of the change in vehicular magne 
tism. 

[0029] The compass system may provide automatic and 
continuous calibration to account for changes in the vehicle’s 
magnetism, and thus the system’s reaction to the earth’s mag 
netic ?eld. The calibration system includes means for testing 
the data received from the compass sensor to determine the 
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maximum and minimum signal levels during movement of 
the vehicle through a completed 360° path of travel hoWever 
circuitous the path may be. 
[0030] This data is averaged over several such paths of 
vehicular travel to provide continuously updated and aver 
aged compensation correction information. The automatic 
and continuous calibration is capable of correcting the com 
pass system When the plot of sensor data experiences small 
shifts aWay from the origin of the coordinate plane due to 
small drifts in vehicular magnetism. The origin of the coor 
dinate plane in these circumstances is still contained Within 
the circle plotted When the vehicle travels a 360° loop, and the 
crossings of the sensor data on the axes of the coordinate 
plane are used to calculate the spans of the signal levels along 
each axis Which determine the center of the circular plot of 
sensor data. Compensation signals are then generated based 
on the difference betWeen the center of the circle and the 
origin of the coordinate plane. 
[0031] HoWever, if the shift of sensor data is large enough 
such that the origin of the coordinate plane is not contained 
Within the circular plot of sensor data created When the 
vehicle travels a 360° loop, then heading information cannot 
be calculated and the calibration system cannot provide cor 
rection unless the sensor data experiences a subsequent shift 
that causes the origin of the coordinate plane to again be 
contained. Because such a subsequent shift may never occur 
or, if it does, may occur only after an undesirably long period 
of time, the compass system of the above-mentioned patent 
provides means to reinitiate calibration. 
[0032] Reinitiation of calibration involves the collecting 
and centering of spans of sensor data folloWed by the collect 
ing and centering of tWo circles of sensor data, Which causes 
the origin of the coordinate plane to coincide With the center 
of the circular plot of sensor data. As such, the reinitiation 
process enables the compass system to recover from any 
change in vehicular magnetism and to provide accurate head 
ing information. In order to detect situations Where reinitia 
tion of the calibration system is desirable to have the compass 
system maintain saturation limits at the outer boundaries of 
the range of measurement of the sensor data. For 8-bit sensor 
data, these saturation limits are at 0 and 255, as shoWn in FIG. 
1. If a large change in vehicular magnetism causes the sensor 
data to shift and the current data is plotted outside of these 
limits for a continuous period of ?ve minutes, then calibration 
is restarted. Such a shift is shoWn by graph C in FIG. 2, With 
the dashed portion thereof indicating the range of heading 
directions of the vehicle that Would cause the sensor data to 
remain outside of the saturation limits. 

[0033] HoWever, intermediate changes in vehicular magne 
tism are possible Which do not cause the sensor data to be 
plotted outside of the saturation limits. Such a shift is shoWn 
by graph D in FIG. 3. As such, it is knoWn to also provide for 
a reinitiation of calibration if 15 ignition cycles of at least 5 
minutes duration are completed Without obtaining a crossing 
point on the axes of the X-Y coordinate plane. Furthermore, 
it is knoWn to enable the operator of the vehicle to manually 
reinitiate calibration by operating a sWitch, button, or the like. 
Manual reinitiation Would most likely occur When the opera 
tor notices that the displayed heading information is errone 
ous for an extended period of time. Although reinitiation of 
calibration enables the compass system to ultimately recover 
from changes in vehicular magnetism of any magnitude, such 
reinitiation is considered a rather extreme measure since it 
requires the clearing of all prior sensor readings and calibra 
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tion data. Thus, until su?icient data is collected to calibrate 
the system, the system operates in an uncalibrated state. 
[0034] This system has a lengthy averaging process and the 
system’s method of gradual compensation makes it primarily 
suited for the compensation of sloW and gradual changes in 
vehicular magnetism. As such, this compass system may be 
unable to adequately compensate for and recover from an 
abrupt and signi?cant change in vehicular magnetism caused 
by, for example, driving the vehicle near the electrical poWer 
feeders of train or subWay systems. Thus, such an event may 
cause a substantial impairment of compass operation result 
ing in erroneous heading information being displayed until 
recalibration or reinitialiZation of the system is achieved. 
[0035] The Earth does not have a uniform magnetic ?eld, 
Which causes a magnetic ?eld variance or declination. The 
variance or delineation requires different compass error fac 
tors depending upon the compass’ location on the Earth. A 
magnetic ?eld model may be used to correct for these differ 
ent compass error factors. The magnetic ?eld model is based 
off of magnetic ?eld measurements received from numerous 
observation stations located on various parts of the Earth. 
These magnetic ?eldpoints are used to create a magnetic ?eld 
model. This magnetic ?eld model may be used to determine 
the compass error factor for a particular geographic Zone. 

[0036] The compass system disclosed in US. Pat. No. 
5,737,226 and hereby incorporated by reference, entitled 
VEHICLE COMPASS SYSTEM WITH AUTOMATIC 
CALIBRATION, issued on Apr. 7, 1998, utiliZes a control 
program that calibrates the compass system utilizing only tWo 
averaged data points and one raW data point obtained from 
travel of the vehicle in less than a complete closed loop for 
purposes of calibrating the compass system during initialiZa 
tion folloWing manufacture and at such times that the com 
pass system determines that the obtained sensor data falls 
outside the saturation thresholds that previously required 
reinitialiZation of the compass system. 
[0037] The manner by Which the compass system disclosed 
in US. Pat. No. 5,737,226 recalibrates itself by identifying 
the center of a circular plot of data is described beloW With 
reference to FIG. 4. When a vehicle makes a slight turn, the 
data obtained from the sensors may take the form of the arc 
shoWn When plotted relative to Cartesian coordinates. The 
starting point T of the arc shoWn corresponds to the output of 
the sensors obtained just prior to the vehicle starting the turn. 
As the vehicle makes a turn, intermediate raW data points, 
such as point U, are read from the sensors. At the completion 
of the turn, the data point derived from the sensor output 
signals Would correspond to ending point V. To perform a 
calculation of the center W of the arc (or center of circle F), it 
is desirable that starting point T and ending point V are data 
points in Which there is a fair to high level of con?dence in 
their accuracy. Such con?dence in the data points may be 
present When the sensor outputs remain at a constant level for 
a predetermined period of time as Would be the case When the 
vehicle is traveling straight. The center W of the plotted arc is 
calculated by assuming a predetermined value for the radius 
r and identifying the tWo points that are a distance r from both 
starting point T and ending point V. To discriminate betWeen 
the tWo points thus obtained, an intermediate raW data point U 
is referenced, since the true center point Will be that Which is 
farthest aWay from intermediate point U. 
[0038] Another method for improving calibration routine 
in a compass is disclosed in US. Pat. No. 7,127,823 and 
hereby incorporated by reference entitled VEHICLE COM 
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PASS SYSTEM WITH CONTINUOUS AUTOMATIC 
CALIBRATION, issued Oct. 31, 2006. A processing circuit 
of the compass recalibrates the compass each time three data 
points are obtained from a magnetic ?eld sensor that meet 
predetermined criteria. One such criterion is that the three 
data points de?ne corners of a triangle that is substantially 
non-obtuse. When three data points have been obtained that 
de?ne a triangle meeting this criterion, the processing circuit 
calculates a center point for a circle upon Which all three data 
points lie by solving the equation x.sup.2+y.sup.2+Ax+By+ 
CIO for A, B, and C, using the coordinate values (x,y) for the 
three data points and de?ning the center point as (—A/2, 
—B/ 2). 
[0039] Referring to FIG. 5, a vehicle 10 includes a number 
of subsystems for user convenience and entertainment. 
Vehicle 10 generally includes a compass system, an audio 
system, a navigational system, a heating, ventilation, and 
air-conditioning system (“HVAC system”), and an in-vehicle 
control system 106 (e. g., media system, navigational system, 
entertainment system, etc.). These systems may be coupled to 
in-vehicle control system 106, Which is capable of automati 
cally and manually controlling and monitoring these systems. 
It is noted that in various exemplary embodiments, vehicle 10, 
the compass system, the audio system, the navigational sys 
tem, the HVAC system, and other vehicle systems may be of 
any past, present, or future design capable of interacting With 
in-vehicle control system 106. 
[0040] An exemplary embodiment of in-vehicle control 
system may have various features. An in-vehicle control sys 
tem generally includes an output display, one or more knobs, 
one or more pushbuttons, and one or more tactile user inputs 

or pushbuttons, Which facilitate controlling various vehicle 
and media functions. In one exemplary embodiment, the 
pushbuttons are used to access the navigational menu. In 
another exemplary embodiment, the output display may be a 
touch-screen display, While in other exemplary embodiments 
it may be any other non-touch sensitive display. In still other 
exemplary embodiments, the output display may be of any 
technology (e.g., LCD, DLP, plasma, CRT), con?guration 
(e.g., portrait or landscape), or shape (e. g., polygonal, curved, 
curvilinear). The knobs and pushbuttons may be con?gured: 
(i) to control the compass system; (ii) control functions of the 
navigational system, such as volume, map selection, address 
selection, display functionality, and command functionality; 
(iii) to control playback of media ?les over the sound system; 
(iv) to control retrieval of phonebook entries; (v) to control 
the function of the HVAC system such as fan speed, cabin 
temperature, for routing of air ?oW; or (vi) to control any 
other desired vehicle function. 

[0041] According to an exemplary embodiment, the 
vehicle control system may be coupled to a signal receiver 
through a vehicle data bus. The vehicle data bus is an elec 
tronic communications netWork that interconnects compo 
nents inside the vehicle. The signal receiver may be in com 
munication With a variety of external devices, including a 
transmitter on a keychain. For example, a ?rst driver of the 
vehicle may generally drive in a ?rst geographic Zone While a 
second driver may generally drive in a second geographic 
Zone. 

[0042] According to an exemplary embodiment an automo 
bile includes an overhead console mounted to the roof of the 
vehicle during manufacture, although it could be separately 
added at a later time. The console includes a display panel, the 
center of Which includes a digital display providing, in one 
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embodiment, a 8-point compass display of the vehicle head 
ing. In another embodiment, a 16-point compass display of 
the vehicle heading may be utiliZed. Also mounted in the 
console is the compass circuit shoWn in FIG. 6. 

[0043] Referring noW to FIG. 6, the compass system in an 
exemplary embodiment includes a magnetic ?eld sensor 39 
coupled to a microprocessor 44 through an electrical interface 
circuit 46. In this embodiment, sensor 39 is comprised of 
individual sensors 40 and 42 Which sense separate orthogonal 
components of the earth’s magnetic ?eld, and microprocessor 
44 is a HC08 8-bit microprocessor (i.e. Part No. 
MC68HC908EY16) manufactured by Freescale. Micropro 
cessor 44 and interface circuit 46 are coupled via serial com 
munication lines 45 and 47, and comprise a processing circuit 
for processing electrical signals supplied from sensors 40 and 
42. Also coupled to microprocessor 44 in a conventional 
manner is a non-volatile memory circuit 48 for storing com 
pass data, a speed sensor 41, a GPS device 43, a display driver 
50, and a display 52 for displaying heading information to the 
operator of vehicle 10. PoWer supply circuit 54 provides 
operating voltage to the various electrical components of the 
compass system. The functioning and interconnection of 
these circuits is noW described in greater detail. 

[0044] Magnetic ?eld sensors 40 and 42 sense the horizon 
tal components of the magnetic ?eld external to vehicle 10. 
Sensor 42 senses the east/West or Channel 1 components of 
the ?eld, and sensor 40 senses the north/south or Channel 2 
components of the ?eld. As is described beloW, the magnetic 
?eld sensed by sensor 40 is said to have a positive polarity if 
it is in the north direction, and is said to have a negative 
polarity if it is in the south direction. Similarly, the magnetic 
?eld sensed by sensor 42 is said to have a positive polarity if 
it is in the east direction, and is said to have a negative polarity 
if it is in the West direction. Although the reference to the 
sensing directions of the sensors as being north, south, east, 
and West is literally accurate only When the vehicle is travel 
ing north, these relative terms referring to direction are uti 
liZed hereinafter to refer to the component directions of the 
sensed external magnetic ?eld. For example, sensor 40 is 
oriented to sense the component of the earth’s magnetic ?eld 
existing along an axis corresponding to the vehicle’s direction 
of travel, and sensor 42 is oriented to sense the component 
existing in a direction perpendicular to vehicle 10 direction of 
travel. 

[0045] In an exemplary embodiment, sensors 40 and 42 are 
magneto-inductive sensors, each having a Wire-Wound high 
magnetic permeability core constructed of Metglas 2705M 
available from Hitachi Metal Corporation. In an exemplary 
embodiment, the core has dimensions of 0.020 inch><0.600 
inch><0.001 inch, and is Wound With approximately 700 turns 
of 40 gauge AWG Wire. In another exemplary embodiment, 
the core has dimensions of 0.020 inch><0.600 inch><0.001 
inch, and is Wound With approximately 2000 turns of 41 
gauge AWG Wire. As described in greater detail beloW, sen 
sors 40 and 42 of this exemplary embodiment serve as induc 
tive elements in an oscillator circuit formed With portions of 
interface circuit 46, With the inductance of a particular sensor 
being dependent on the magnitude of the magnetic ?eld in 
that sensor’s direction of measurement. Through the genera 
tion of electrical signals having a frequency that varies With 
the external magnetic ?eld, vehicle 10 direction can be ascer 
tained. Although sensors 40 and 42 are magneto-inductive 
sensors in this embodiment, other types of sensors, such as 
magneto-resistive sensors, can be implemented if appropriate 
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changes are made to the compass system. Sensors 40 and 42 
may also be replaced by a ?ux-gate sensor, magneto-resistive 
sensor, or any other Way of measuring a magnetic ?eld. 

[0046] Interface circuit 46 shoWn in FIG. 7 couples mag 
neto-inductive sensors 40 and 42 to the microprocessor 44. In 
an exemplary embodiment, interface circuit 46 includes a 
driver circuit 56, a compass control circuit 58, an 8-bit Chan 
nel 1 resolution register 60, an 8-bit Channel 2 resolution 
register 62, an 8-bit equality comparator 64, a division circuit 
66, an 8-bit ripple counter 68, a 16-bit up/doWn counter 70, a 
16-bit Channel 1 output register 72, and a 16-bit Channel 2 
output register 74. The functioning and interconnection of 
these circuits is noW described in greater detail. 

[0047] Driver circuit 56 of interface circuit 46 and sensors 
40 and 42 form an oscillator circuit 57 in Which sensors 40 
and 42 serve as inductive elements and from Which electrical 
signals are generated Which represent the sensed magnetic 
?eld external to the vehicle. The structure of such a circuit is 
shoWn in FIG. 8 and disclosed in US. Pat. No. 5,239,264, 
issued on Aug. 24, 1993, entitled ZERO-OFFSET MAGNE 
TOMETER HAVING COIL AND CORE SENSOR CON 
TROLLING PERIOD OF AN OSCILLATOR CIRCUIT, 
assigned to Precision Navigation, Inc., the disclosure of 
Which is incorporated herein by reference. A brief description 
of the functioning of this circuit in connection With the other 
components of interface circuit 46 is noW provided. 

[0048] In order to obtain compass heading information, the 
output frequency of oscillator circuit 57 is dependent on the 
level of internal inductance of the sensors. Oscillator circuit 
57 is con?gured such that each of sensors 40 and 42 serves as 
the inductive element of oscillator circuit 57 at alternating 
times as described in the above-mentioned patent. The level 
of inductance provided by sensors 40 and 42, and thus the 
output frequency of oscillator circuit 57, are dependent on the 
magnitude and direction of the external magnetic ?eld as Well 
as the direction of the magnetic ?eld created by the current fed 
to the sensor. As shoWn in FIG. 8, oscillator circuit 57 
includes a channel oscillator 57a for driving sensor 40 and a 
channel sensor 57b for driving sensor 42. Each channel oscil 
lator 57a, 57b preferably includes a gating element 121 hav 
ing AND gates 222 and 224 With inputs connected to the 
output of the channel oscillator and respective input enable 
lines 96N, 96S, 96E, and 96W that are coupled to compass 
control circuit 58. The outputs of AND gates 222 and 224 are 
respectively coupled to different ends of the sensors (40, 42) 
through impedance matched timing resistors 115 and 117. 
The tWo ends of each sensor 40, 42 are also connected to the 
input of a Schmitt trigger 111 via normally open sWitches 230 
and 231, respectively. SWitches 230 and 231 are indepen 
dently controlled by the enable signals output from compass 
control circuit 58. By closing sWitches 230 and 231 one at a 
time, compass control circuit 58 changes the bias polarity of 
the channel oscillators 57a and 57b causing the channel oscil 
lators to change the end of the sensor to Which a driving 
current is supplied. The bias polarity of channel oscillator 57a 
is deemed to be positive if it is biased to apply current to the 
north end of sensor 40, and is negative if it is biased so as to 
apply current to the south end of sensor 40. Similarly, the bias 
polarity of channel oscillator 57b is deemed to be positive if 
it is biased to apply current to the east end of sensor 42, and is 
negative if it is biased so as to apply current to the West end of 
sensor 42. As shoWn in FIG. 8, oscillator circuit 57 is con?g 
ured so that each of sensors 40 and 42 can be fed current from 
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either of their ends. The detailed operation of oscillator 57 is 
described in US. Pat. No. 5,239,264, hereby incorporated by 
reference. 

[0049] The frequency of the signal output from oscillator 
circuit 57, Which is dependent on the magnitude and direction 
of the external magnetic ?eld and the bias polarity of the 
channel oscillator connected therein, has a base or Zero mag 
netic ?eld frequency When no magnetic ?eld is present in the 
measurement direction of the connected sensor. With a posi 
tive bias polarity of channel oscillator 5711, the output fre 
quency of oscillator circuit 57 decreases from this base fre 
quency When the magnetic ?eld strength increases in the 
north (positive) direction, and increases from the base fre 
quency When the magnetic ?eld strength increases in the 
south (negative) direction. If the bias polarity of channel 
oscillator 57a is negative, then the output frequency of oscil 
lator circuit 57 increases from the base frequency When the 
magnetic ?eld strength increases in the north (positive) direc 
tion, and decreases from the base frequency When the mag 
netic ?eld strength increases in the south (negative) direction. 
When channel oscillator 57b has a positive bias polarity, the 
output frequency of oscillator circuit 57 decreases from the 
base frequency When the magnetic ?eld strength increases in 
the east (positive) direction, and increases from the base 
frequency When the magnetic ?eld strength increases in the 
West (negative) direction. If the bias polarity of channel oscil 
lator 57b is negative, then the output frequency of oscillator 
circuit 57 increases from the base frequency When the mag 
netic ?eld strength increases in the East (positive) direction, 
and decreases from the base frequency When the magnetic 
?eld strength increases in the West (negative) direction. Thus, 
by analyZing the output frequency of oscillator circuit 57 
When a channel oscillator is biased at a knoWn bias polarity 
and comparing that frequency to the base frequency, compass 
heading information may be obtained. Furthermore, measur 
ing the difference in frequency betWeen the tWo bias polari 
ties, the ambient magnetic ?eld can be determined. The ambi 
ent magnetic ?eld information can be utiliZed to obtain the 
compass heading data. 
[0050] Interface circuit 46 analyZes the electrical signals 
provided by oscillator circuit 57 by determining for each 
channel oscillator a frequency difference betWeen signals 
output from oscillator circuit 57 for each different bias polar 
ity. Speci?cally, interface circuit 46 measures the output fre 
quency by converting the electrical signals into data signals 
and determining the time period measured as the number of 
?xed duration “counts” required for the signals from oscilla 
tor circuit 57 to complete a particular number of cycles. The 
count value increases as the frequency of oscillation 
decreases. For each channel, interface circuit 46 measures the 
number of counts required for signals output from oscillator 
circuit 57 to complete a particular number of cycles for each 
bias polarity of the corresponding channel oscillator and 
determines a difference in the number of counts associated 
With the tWo different bias polarities of the corresponding 
channel oscillator. By calculating the difference betWeen the 
count values associated With the positive and negative bias 
polarities of each channel oscillator, a Zero-compensated 
count value, or data signal, is generated for each sensor. Such 
a count value represents the actual ?eld strength in the mea 
surement direction of a sensor and is Zero if the magnetic ?eld 
is Zero. As described in greater detail beloW, each count of 
these Zero-compensated count values represents a particular 
level of magnetism, With the milligauss to count ratio of a 
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count value determined by the number of cycles completed by 
oscillator circuit 57 for both bias polarities of the channel 
oscillator generating that Zero-compensated count value. A 
description of the individual components of interface circuit 
46 to implement the bias polarity sWitching method is noW 
described. 

[0051] Referring to FIG. 7, Channel 1 resolution register 60 
is an 8-bit register that stores a value Which determines the 
number of cycles to be completed by the output signal of 
oscillator circuit 57 for the measurement period of each bias 
polarity of channel oscillator 5711. Similarly, Channel 2 reso 
lution register 62 is an 8-bit register that stores a value Which 
determines the number of cycles to be completed for the 
measurement period of each bias polarity of channel oscilla 
tor 57b. As described beloW, these values determine the level 
of resolution achieved by the compass system and may be 
adjusted by microprocessor 44 by means of adjustment sig 
nals via input line 45. Division circuit 66 receives the electri 
cal signal generated by oscillator circuit 57 via line 59 and 
divides this signal by a particular number (8 in the preferred 
embodiment). The resulting signal is supplied to ripple 
counter 68 via line 67. Ripple counter 68 is an 8-bit counter 
that counts the number of cycles completed by the input 
signal received from division circuit 66. As described beloW, 
ripple counter 68 counts the number of cycles completed for 
each bias polarity of the channel oscillators for each of sen 
sors 40 and 42, With the counter being cleared before each 
counting period by means of connection to compass control 
circuit 58 via line 76. The electrical signal generated by 
oscillator circuit 57 is divided by circuit 66 before being input 
to ripple counter 68, thus dividing the frequency of the signal 
by 8 (in the preferred embodiment), because it is desirable to 
enable 8-bit ripple counter 68 (capable of counting to 255) to 
count more than the equivalent of 255 cycles of the original 
electrical signal. By counting more cycles, ripple counter 68 
enables the compass system to Work With more averaged 
sensor information Which is more reliable. 

[0052] Equality comparator 64 of FIG. 7 is an 8-bit com 
parator Which compares the value of ripple counter 68 With 
the stored value of Whichever one of resolution registers 60 or 
62 is enabled by compass control circuit 58 via lines 78 or 80. 
Line 80 has an inverter 73 placed betWeen line 78 and Chan 
nel 2 resolution register 62. If the tWo compared values are 
equal, comparator 64 outputs a signal (REQUALIl) to com 
pass control circuit 58 via line 82. Up/doWn counter 70 is a 
16-bit counter that serves to calculate the time period or count 
value required for a particular number of cycles to be com 
pleted by the output signal from oscillator circuit 57 Which is 
eventually indicated by an output signal (REQUALIl) from 
equality comparator 64 sent to compass control circuit 58. As 
described beloW, up/doWn counter 70 ultimately holds the 
difference betWeen the count values measured during the tWo 
bias polarities of the channel oscillator for a particular sensor. 
Via input line 84, up/doWn counter 70 counts according to a 
clock signal having a frequency Which is selected such that 
up/doWn counter 70 Will not roll over (count beyond its mea 
surement range) When making its time period calculations. In 
the preferred embodiment, the clock frequency is 250 kHZ. 
The counting of up/doWn counter 70 is controlled by its 
multiple connections With compass control circuit 58, With a 
signal (U/D) applied on the U/D input line 86 determining 
Whether up/doWn counter 70 counts up or doWn, a signal 
(ENABLE) applied on the Lock input line 88 enabling 
up/doWn counter 70 to be locked at a particular measurement 
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reading (for reasons discussed below), and a signal (CLEAR) 
applied to the RST input line 90 enabling up/doWn counter 70 
to be cleared. Compass control circuit has an output line 79 
Which is connected to delay circuit 77. Delay circuit 77 also 
has an input from a clock via line 85. In the preferred embodi 
ment, the clock frequency is 250 kHz. Delay circuit 77 then 
provides a signal to compass control circuit 58 via output line 
81. Channel 1 and Channel 2 output registers 72 and 74 are 
16-bit registers and, depending on Which is enabled by com 
pass control circuit 58 via a signal (Latch N) on a ?rst line 92 
or a signal (Latch E) on a second line 94, one receives and 
stores the count value held in up/doWn counter 70. This zero 
compensated count value, or data signal, is available to micro 
processor 44 via output line 47. Compass control circuit 58 is 
con?gured as a conventional state machine and controls the 
functioning of interface circuit 46. 
[0053] In an exemplary embodiment, the compass system 
calculates the deviation coe?icients, Which enables a com 
pass error factor to be utilized on any course heading to 
correct for any noise sources. In this exemplary embodiment, 
the compass system is actively corrected based on the com 
pass’ deviation coe?icients. The deviation coef?cients are the 
coef?cients in the deviation formula (see Paragraph 70). 
Deviation is the difference betWeen the magnetic compass 
heading and the true compass heading. The deviation in the 
compass system is caused by a variety of magnetic noise 
sources (i.e. the vehicle moveable members or magnetic ?eld 
sources, such as, sunroof, door, electronic WindoWs, HVAC 
system, motors, WindoW defrost system and the lighting sys 
tem). In an exemplary embodiment, the deviation analysis 
measures the deviation or on error multiple headings (i.e. 
usually 8 cardinal headings) and uses this data to quantify the 
deviation for each noise source. Since these noise sources can 
be quanti?ed, a correction factor can be calculated for these 
noise sources to offset the negative impact or false reading on 
the compass system caused by these noise sources. 
[0054] In an exemplary embodiment, the deviation analysis 
consists of determining the approximate value of each of the 
six deviation coe?icients. The six deviation coef?cients 
enable the compass system to automatically adjust the com 
pass system based on the magnetic properties of vehicle 10. In 
an exemplary embodiment, the adjustments can be either 
physical and/or electronic, such as, the placement of various 
correction devices (i.e. steel balls) and/or the transmission of 
electric-adjustment signals. 
[0055] In an exemplary embodiment, the ?rst step in a 
deviation analysis is to record the deviation on each cardinal 
and intercardinal heading by the compass to be analyzed. For 
example, easterly deviation Will be considered positive (+), 
and Westerly deviation negative (—). Approximate values of 
the various coef?cients are: 

[0056] Coe?icient Aimean of deviation of all head 
ings; 

[0057] Coe?icient Bimean of deviation of headings 
090° and 270°, With sign at 270° reversed; 

[0058] Coe?icient Cimean of deviation on headings 
000° and 180°, With sign at 180° reversed; 

[0059] Coe?icient Dimean of deviation on intercardi 
nal headings, With signs at headings 135° and 315° 
reversed; 

[0060] Coe?icient Eimean of deviation on cardinal 
headings, With signs at 090° and 270° reversed; and 

[0061] Coe?icient Jichange of deviation for a roll of 1° 
While vehicle 10 heads 000° by compass. 
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[0062] It is considered positive if the north end of the com 
pass card is draWn toWard the loW side, and negative if toWard 
the high side. 
[0063] A semicircular deviation is easterly throughout 
approximately 180° of heading and Westerly throughout the 
remainder Which indicates that its sign remains unchanged 
throughout a semicircle. A semicircular deviation can be 
caused by permanent magnetism induced in vertical soft iron. 
A quadrantal deviation changes signs in each quadrant. The 
quadrantal deviation is easterly in tWo opposite quadrants and 
Westerly in the other tWo. The quadrantal deviation is caused 
by induced magnetism in horizontal soft iron. These types of 
deviation resulting from the various parameters are called 
coe?icients. 

[0064] There are six coe?icients. First, coef?cient A is a 
constant on all headings. In an exemplary embodiment, When 
coe?icient A is derived from a magnetic source, as from an 
asymmetrical combination of parameters, it is a “true” con 
stant. In another exemplary embodiment, When coe?icient A 
is derived from a mechanical source, as from an incorrectly 
placed mechanical device (i.e. a ferrous object), or math 
ematical, as from an error in computation of magnetic azi 
muth, it is an “apparent” constant. 

[0065] Second, coe?icient B is semicircular deviation, 
Which is proportional to the sine of the compass heading. It is 
maximum on compass headings east or West, and zero on 

compass headings north or south. In an exemplary embodi 
ment, coef?cient B is caused by permanent magnetism, and 
also by induced magnetism in asymmetrical vertical soft iron. 

[0066] Third, coe?icient C is semicircular deviation, Which 
is proportional to the cosine of the compass heading. It is 
maximum on compass headings north or south, and zero on 

compass headings east or West. In an exemplary embodiment, 
coe?icient C is caused by permanent magnetism or by 
induced magnetism in asymmetrical vertical soft iron orien 
tated perpendicularly to the longitudinal axis of the compass. 

[0067] Fourth, coef?cient D is quadrantal deviation, Which 
is proportional to the sine of tWice the compass heading. It is 
maximum on intercardinal compass headings, and zero on 
cardinal compass headings. In an exemplary embodiment, 
coe?icient D is caused by induced magnetism in horizontal 
soft iron Which is symmetrical With respect to the compass. 

[0068] Fifth, coe?icient E is quadrantal deviation, Which is 
proportional to the cosine of tWice the compass headings. It is 
maximum on cardinal compass headings, and zero on inter 
cardinal compass headings. In an exemplary embodiment, 
coe?icient E is caused by induced magnetism in horizontal 
soft iron Which is asymmetrical With respect to the compass. 

[0069] Sixth, coe?icient J is the change of deviation for a 
role of 1° While vehicle 10 is on compass heading 000°. The 
force components producing these coef?cients are called 
exact coe?icients. 

[0070] For example, a magnetic compass Which has not 
been adjusted has deviation on cardinal and intercardinal 
compass headings as illustrated in FIG. 9. 

[0071] On heading compass north the deviation is 13°.5 W 
When vehicle 10 rolls 10° to the vehicle’s 10 right. 

[0072] The analysis requires the approximate value of each 
coe?icient. Therefore, the solution is A(+)2°.3, B(+) 30°.0, C 
(—)4°.8, D(+) 13°.8, E(+) 1°.1, J(—)1°.2 based on the calcula 
tions beloW: 
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s 

= (+)20.3 

3100 +2900 
B = i = (+)300.0 

2 

C -10.5-80.0 408 
_ i2 _ (_) . 

340.0 - 130.5 - 10.5 + 36°.0 
D = — = (+)130.s 

4 

-10.5 - 310.0 + 8°.0 + 290.0 

E: + = (+)10.1 

10 = (-)10.2 

[0073] On any compass heading (CH) the deviation (d) 
from each coe?icient acting alone is: 

[0074] Coe?icient A: d AIA 
[0075] Coe?icient B: dBIB sin CH 
[0076] Coe?icient C: dC:C cos CH 
[0077] Coe?icient D: dD:D sin 2CH 
[0078] Coe?icient E: dE:E cos 2CH 
[0079] Coe?icient I: d JjIJ cos CH 

[0080] For vehicle 10 that is not rolling, the total deviation 
on any compass heading is the algebraic sum of the deviation 
due to each of the ?rst ?ve coef?cients: 

dIdA+dB+dC+dD+dEIA+B sin CH+C cos CH+D sin 
2CH+E cos ZCH. 

[0081] For the compass of the example given above, the 
deviation due to each component, and the total, on various 
headings are illustrated in FIG. 10. 

[0082] The various components and the total deviation are 
shoWn in geographical form in FIG. 11. In this exemplary 
embodiment, coef?cient A is shoWn to be negligible. In this 
exemplary embodiment, the presence of more than 2° of 
constant error indicates an abnormal condition Which should 
be discovered and corrected. Coe?icient E is normally neg 
ligible for a compass located on the center line of vehicle 10. 
In this exemplary embodiment, vehicle has an excessive 
amount of coe?icient E, Which should be corrected by sleW 
ing the quadrantal correctors. 
[0083] If rolling error is measured on any heading other 
than compass north or south, the value of coef?cient I can be 
found by means of the formula: 

d 
J = — or J : dsecCH 

cosCH 

[0084] If RE is the total observed change of deviation (roll 
ing error), and i is the angle of roll in degrees (for relatively 
small angles), the formula becomes 

REsecCH 
J = _ . 

z 

[0085] 
REIJi cos CH. 

If rolling error is sought, the formula becomes 
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[0086] In an exemplary embodiment, the deviation analysis 
utiliZes a Global Positioning System (GPS) or any other posi 
tioning system to provide the data for the reference heading. 
Vehicle 10 is driven in a complete circle to provide the devia 
tion betWeen the compass heading and the GPS heading. It 
should be noted that this method may also be used during 
normal driving patterns. The compass heading data points 
and GPS heading data points are stored in an onboard 
memory device. These data points are utiliZed to calculate 
coe?icient A, coe?icient B, coe?icient C, coef?cient D, coef 
?cient E and coe?icient I. Since these noise sources affecting 
the compass can be quanti?ed, these noise sources can be 
offset to correct the compass system and provide the user With 
accurate heading information. 
[0087] It should be noted that deviation analysis is applied 
to an electronic compass and that corrections for coef?cient 
A, coe?icient B, coe?icient C, coe?icient D, coe?icient E and 
coe?icient J errors are determined and implemented for an 
electronic compass. For example, in an electronic compass if 
a coe?icient E error is determined, then We can adjust the 
heading output When traveling on Cardinal headings because 
that is Where the maximum error occurs for coe?icient E. 

[0088] In a Wet compass, coe?icient B and coef?cient C 
errors can be corrected by adjustable magnets placed in dif 
ferent orientations and distances from the compass card. In an 
exemplary embodiment, the electronic compass may correct 
for coe?icient B and coe?icient C errors by using a GPS 
heading source along With a magnetic ?eld model. The mag 
netic calculations may be done in parallel With the deviation 
analysis and/or magnetic model calculations and the optimal 
solution selected. This method may be used if a magnetic shift 
occurs in the vehicle, Which can occur When the vehicle is 
driven in a magnetic shift occurrence environment (e. g., driv 
ing over a subWay). In this exemplary embodiment, the com 
pass heading and the GPS heading Will not be similar. The 
deviation analysis may then be used to quantify the type of 
compass error as the vehicle is driven. The magnetic model 
and vehicle heading may be used to determine the correction 
factor based on the coe?icient B and coef?cient C errors. In 
another exemplary embodiment, the deviation analysis could 
be done to continually update the compass. In exemplary 
embodiments, the compass could detect a magnetic shift and 
adjust the compass calibration. The system may determine if 
this adjustment and adjusted calculated compass heading 
matched the current direction indicated by the GPS or if this 
adjustment and adjusted calculated compass heading 
matched the deviation analysis and magnetic ?eld model. 
[0089] In an exemplary embodiment, coe?icient D errors 
may be caused by the Earth’s magnetic ?eld being distorted 
by the metal in the vehicle or by a mismatch in gain betWeen 
sensors. In an exemplary embodiment, utiliZing a GPS and a 
magnetic ?eld model the optimal radius could be determined. 
The coe?icient D error may be a maximum on the intercar 
dinal headings and the deviation coef?cients may be used to 
determine When to correct the compass based on the intercar 
dinal headings. In an exemplary embodiment, the longitude 
position and latitude position may be determined (e.g., GPS) 
for the vehicle. Based on this information and a magnetic ?eld 
model, the horiZontal ?eld strength of the Earth can be deter 
mined. UtiliZing the horizontal ?eld strength of the Earth and 
the vehicle’s heading the permanent magnetism in the com 
pass (e. g., coef?cient B and coe?icient C may be determined 
along With the error due to ?eld distortions and sensor gain 
(e.g., coe?icient D and coe?icient E). 










