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(57) ABSTRACT 
A non-contact linear absolute position sensor includes a ?rst 
magnetic encoder having n+1 pole pairs, a second magnetic 
encoder having 11 pole pairs and located and aligned With the 
?rst magnetic encoder so as to cover a linear distance. The 
magnetic encoders are af?xed to a traveling body. TWo pairs 
of Hall Effect sensors are located near each of the ?rst and 
second magnetic encoders and are con?gured to generate 
linear position signals. Aprocessor is provided to process the (21) Appl. No.: 11/268,068 
linear position signals to generate an output signal indicative 

(22) Filed: Nov. 7, 2005 of a linear absolute position of the traveling body. 
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NON-CONTACT LINEAR ABSOLUTE POSITION 
SENSOR 

BACKGROUND OF THE INVENTION 

[0001] 
[0002] The present invention relates generally to position 
sensors, and, more particularly, to a non-contact linear 
absolute position sensor. 

[0003] 2. Description of the Related Art 

1. Technical Field 

[0004] Angular and linear position sensors are Widely used 
in automatic control systems as feedback-sensing devices in 
one or more control loops of the system. In the automotive 
industry, such position information may be used in substi 
tution of more traditional, conventional control feedback 
provided by mechanical linkages, such as cables, rods, and 
the like. 

[0005] For example, in the automotive ?eld, it may be 
desirable to knoW the linear absolute position of a long travel 
mechanism, such as a rack and pinion mechanism (i.e., that 
moves When a driver of an automotive vehicle turns the 

steering Wheel), or the position of a sliding door on a 
minivan. In the ?rst example, a linear absolute position 
sensor can provide information as to the absolute linear 
position of the rack and pinion mechanism, Which corre 
sponds to the orientation of the front Wheels (i.e., the 
steering Wheels) of the automotive vehicle. In the second 
example, it may be desirable to knoW exactly Where the 
sliding door is positioned Within the long travel betWeen a 
completely closed position and a completely open position. 
There are many other examples in and outside of the 
automotive industry. Non-contact linear absolute position 
sensing has conventionally been accomplished using a vari 
ety of technologies including inductive, optical, capacitive, 
and Hall Effect (i.e., magnetic ?ux intensity). 

[0006] For example, inductive sensors are mechanically 
sturdy, but can be in?uenced by stray or extemally-gener 
ated electromagnetic ?elds. Optical-based sensors are gen 
erally very accurate but require a relatively high degree of 
tolerancing on the parts, and are subject to strict sealing 
requirements in order to prevent or minimiZe dust from 
entering into the assembly, Which can adversely in?uence an 
otherWise accurate measurement. Capacitive-based sensing 
technology generally provides satisfactory results but for 
conventional siZed sensors the capacitance is generally 
relatively small and accordingly humidity and/or electro 
magnetic ?elds can also greatly in?uence an otherWise 
accurate measurement. 

[0007] It is also knoWn to use Hall Effect sensing tech 
nology for measuring absolute linear position, but such 
conventional approaches generally require very good mate 
rial properties on the magnet and require ?ux concentrators 
made of a loW hysteresis material. Additionally, these con 
centrators often require very accurate dimensioning and 
positioning. It is also very hard to achieve good temperature 
compensation using Hall Effect sensors alone. This problem 
is increased When you have to compensate for a compo 
nent’s position variation due to temperature. 

[0008] US. Patent Application Publication No. 2004/ 
0164727 A1 entitled “SINGLE MAGNET LINEAR POSI 
TION SENSOR” discloses a sensor assembly for measuring 
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linear position that includes a ferromagnetic ?ux concentra 
tor, a magnet, and a galvanomagnetic sensing element such 
as a Hall Effect or magnetoresistive sensor. 

[0009] In vieW of the foregoing, there is a need to provide 
a non-contact linear absolute position sensor that minimiZes 
or eliminates one or more of the shortcomings referred to 
above. 

SUMMARY OF THE INVENTION 

[0010] Generally, the present invention ful?lls the forego 
ing needs by providing, in one aspect thereof, a sensor 
system for measuring linear absolute position. The system 
comprises a ?rst magnetic encoder, a second magnetic 
encoder, ?rst and second magnetic ?ux intensity sensing 
units, and a processor. The ?rst and second magnetic encod 
ers have, respectively, n+1 pole pairs, and n pole pairs 
(Where n is an integer greater than or equal to one). Each 
pole pair includes a north and south magnetic pole combi 
nation, as is knoWn. The magnetic encoders are positioned 
proximate to each other and aligned With respect to each 
other so as to cover a linear distance. In one embodiment, the 
magnetic encoders are a?ixed to a traveling body Whose 
linear absolute position is to be sensed. The ?rst and second 
magnetic ?ux intensity sensing units are located next to and 
in sensing relation With the ?rst and second magnetic 
encoders, respectively, and are con?gured to generate 
respective linear position signals. In one embodiment, the 
sensing units are ?xed relative to the moving magnetic 
encoders. The linear position signals originating from the 
?rst and second sensing units exhibit a phase shift that is 
proportional to the linear absolute position (e.g., of the 
traveling body). The processor is responsive to the linear 
position signals (and thus the phase shift) and is con?gured 
to generate an output signal that is indicative of the absolute 
linear position. 

[0011] In one embodiment, the ?rst and second sensing 
units each include a pair of Hall Effect sensors. In each of the 
sensing units, one of the pair is oriented a pole’s distance 
ahead of the other one of the pair so that each sensing unit 
produces dual signals 90° apart. This arrangement alloWs for 
temperature and target distance variation compensation, 
among other things. Accordingly, the inventive sensor sys 
tem Will be more robust to (i) variation of a material’s 
magnetic properties, for example, betWeen different lots of 
magnets, and variation With temperature; (ii) unpredictable 
target distance change due to temperature; and (iii) unpre 
dictable target distance change due to application speci?c 
conditions (Wear, pressure, etc.). For example, embodiments 
according to the invention may be made from plastic, Which 
is characterized by a much less predictable change in 
dimension due to variation in temperature. The present 
invention can readily accommodate these uncertainties to 
provide an accurate output. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The present invention Will noW be described by 
Way of example, With reference to the accompanying draW 
ings. 
[0013] FIG. 1 is a plan vieW of a ?rst embodiment of a 
non-contact linear absolute position sensor system including 
a pair of magnetic encoder tracks, corresponding sensing 
units and a processor. 



US 2007/0103343 A1 

[0014] FIG. 2 is a schematic and block diagram vieW 
showing, in greater detail, the processor (i.e., method pro 
cessing block) of FIG. 1. 

[0015] FIG. 3 is a plot of the sensing unit outputs as a 
function of position of a traveling body, shoWing in particu 
lar a phase difference betWeen outputs indicative of absolute 
linear position. 

[0016] FIG. 4 is a plot shoWing angle signals as a function 
of position that are output from a pair of single-angle 
determining units as shoWn in FIG. 2. 

[0017] FIG. 5 is a plot shoWing a difference signal as a 
function of position produced from a dephaser block of the 
processor in FIG. 2. 

[0018] FIG. 6 is a plot shoWing an absolute linear position 
(measured) signal as a function of position (actual) produced 
from the processor in FIG. 2. 

DETAILED DESCRIPTION OF AN 
EMBODIMENT OF THE INVENTION 

[0019] Referring noW to the ?gures Wherein like reference 
numerals are used to identify identical components in the 
various vieWs, FIG. 1 is a schematic and block diagram vieW 
of a sensor system 10 in accordance With the present 
invention. Sensor system 10 is con?gured to provide an 
output signal indicative of an absolute linear position of a 
traveling body, for example, traveling body 12 (shoWn in 
phantom line) in FIG. 1. 

[0020] The present invention provides for a non-contact 
sensor system, Which avoids Wear and tear, providing like 
neW performance even after long use. As Will be described 
in greater detail beloW, a sensor system according to the 
invention also provides for accurate absolute linear position 
measurements even over temperature variations. 

[0021] As described in the Background, there are many 
uses for a sensor system according to the invention. 
Examples include, but are not limited to, those mentioned in 
the Background, namely measuring long linear travel parts 
such as a rack and pinion mechanism (e.g., steering) or the 
position of a sliding door. Exemplary applications are not 
limited to automotive applications and can be in many 
different industries as Will be appreciated by one of ordinary 
sill in the art. 

[0022] Before proceeding to a detailed description of the 
invention, it should be noted that the present invention has 
a con?guration characterized by at least tWo loW-cost mag 
netic encoders that share the same support (i.e., on traveling 
body 12). A pair of sensing units, each one near the face of 
a respective magnetic encoder, Will produce a pair of output 
signals that Will have a phase shift therebetWeen that is 
proportional to the position of the encoder strips relative to 
the sensing units, and thus the absolute linear position. 
Redundancy and/or increased resolution may be obtained by 
employing further encoders/sensing units, as Will become 
apparent. 

[0023] With continued reference to FIG. 1, sensor system 
10 includes a ?rst magnetic encoder 14, a second magnetic 
encoder 16, a ?rst magnetic ?ux intensity sensing unit 18, a 
second magnetic ?ux intensity sensing unit 20 and a pro 
cessor 22. 
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[0024] First encoder 14 may be provided in the form of a 
strip (e.g., ?exible ferromagnetic materials of a desired 
thickness and Width) and Which includes n+1 pole pairs, 
Where n is an integer greater than or equal to one. Each pole 
pair, as knoWn, includes a “nort ” and a “sout ” magnetic 
pole. Second magnetic encoder 16 is provided With n pole 
pairs and is positioned proximate the ?rst encoder 14 and 
aligned thereWith at both a ?rst end 26 and at a second, 
opposing end 28 and extending in a coextensive fashion so 
as to cover a linear distance 30. Second encoder 16 may also 
come in the form of a strip as described above. 

[0025] FIG. 1 further shoWs the ?rst magnetic ?ux inten 
sity sensing unit 18 as including a ?rst Hall Effect sensor 32 
and a second Hall Effect sensor 34. The second magnetic 
?ux intensity sensing unit 20 includes a third Hall Effect 
sensor 36 and a fourth Hall Effect sensor 38. The ?rst and 
second sensing units 18 and 20 are located near and in 
sensing relation to the ?rst and second magnetic encoders 14 
and 16, respectively. The sensing units 18, 20 are con?gured 
to generate respective linear position signals. In this regard, 
the linear position signals originating from sensing unit 18, 
on the one hand, and those originating from sensing unit 20, 
on the other hand, are characterized by a phase shift that is 
proportional to the absolute linear position of the encoding 
strips 14, 16 relative to the sensing units. 

[0026] In one embodiment, sensing units 18, 20 and 
processor 22 are ?xed relative to magnetic encoding strips 
14, 16 that are attached to and move With the traveling body 
12. The absolute linear position is this position of the 
traveling body 12 relative to the sensing units 18, 20. 

[0027] More particularly, hoWever, sensing unit 18 pro 
duces linear position signals comprising a ?rst alpha linear 
position signal (0L1), designated 401, originating from Hall 
Effect sensor 32, and a second alpha linear position signal 
(a2), designated 402, originating from Hall Effect sensor 34. 
Hall Effect sensor 32 is positioned a predetermined distance 
from Hall Effect sensor 34. The predetermined distance 
corresponds to one-half a pole distance taken With respect to 
the spacing in the corresponding magnetic encoder track 14. 
This relative orientation betWeen Hall Effect sensor 32 and 
Hall Effect sensor 34 (i.e., the one half pole spacing) results 
in the ?rst and second alpha position signals 401 and 402 
being offset, one relative to the other, by 90° (i.e., Where a 
full pole pair corresponds to 360°). It should be noted that 
the relative spacing of one-half a pole distance betWeen Hall 
Effect sensor 32 and Hall Effect sensor 34 is based on the 
actual spacing of the pole pairs in the corresponding mag 
netic encoder 14, Which corresponds to n+1 pole pairs. As 
Will be described beloW, this Hall Effect sensor spacing is 
different, and slightly smaller, from the spacing betWeen 
Hall Effect sensors 36 and 38, since the corresponding 
magnetic encoder track 16 only includes n pole pairs over 
the same linear distance 30 (i.e., and hence results in a 
slightly Wider magnetic pole pair spacing). 

[0028] In this regard, sensing unit 20 thus also generates 
tWin signals, a ?rst beta linear position signal ([31), desig 
nated 421, originating from Hall Effect sensor 36, and a 
second beta linear position signal ([32), designated 422, 
originating from Hall Effect sensor 38. As With sensing unit 
18, sensing unit 20, in a preferred embodiment, is con 
structed such that Hall Effect sensor 36 is offset from Hall 
Effect sensor 38 by a predetermined distance. This prede 
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termined distance corresponds to one-half a pole distance 
taken With respect to the spacing in the corresponding 
magnetic encoder 16. As alluded to above, magnetic encoder 
16, in accordance With the present invention, includes n pole 
pairs, and hence has slightly larger spacing than the encoder 
track 14. As a result, ?rst and second beta position signals 
421 and 422 are offset, one from another by 90°. 

[0029] Sensing units 18 and 20 are aligned, and as 
described above, are ?xed relative to the moving encoder 
tracks 14, 16. In FIG. 1, an absolute linear position 44 (also 
designated 0) corresponds to the actual, physical absolute 
linear position of the traveling body 12 relative to the ?xed, 
sensing units 18 and 20. As also shoWn in FIG. 1, the present 
invention employs a single angle parameter 46, also desig 
nated alpha (or), Which indicates the relative position of the 
sensing unit 18 (alpha sensor) Within a pole pair on encoder 
track 14. In a similar fashion, single angle parameter 48, 
designated beta ([3), indicates the relative position of sensing 
unit 20 (beta sensor) Within a pole pair on magnetic encoder 
track 16. 

[0030] With continued reference to FIG. 1, processor 22 is 
responsive to the linear position signals 401, 402 and 421, 
422 and is con?gured to generate an output signal 50 indica 
tive of a measured absolute linear position (GM) of the 
traveling body 12. Processor 22 may be implemented using 
conventional components knoWn to those of ordinary skill in 
the art (e. g., hardWare circuitry or programmed operation of 
a processor). 

[0031] FIG. 2 is a simpli?ed schematic and block diagram 
shoWing, in greater detail, processor 22 of FIG. 1. Processor 
22 is con?gured to implement a method for solving for the 
distance indicative of the absolute linear position of the 
traveling body 12. In this regard, block 22 is con?gured to 
generate an output signal 50 (OM) indicative of the absolute 
linear position of the traveling body 12, Which absolute 
position is also designated by reference numeral 44 in FIG. 
1. Processor 22 includes a ?rst single-angle determination 
unit 52 responsive to the alpha position signals 401 and 402 
con?gured to generate a ?rst angle signal 54, a second 
single-angle determination unit 56 responsive to the beta 
position signals 421 and 422 con?gured to generate a second 
angle signal 58, a dephaser 60 responsive to the ?rst and 
second angle signals 54, 58 con?gured to generate a differ 
ence signal (([)) 62, and a position generator 64 responsive to 
the difference signal 62 and the second angle signal 58 and 
con?gured to generate the previously mentioned output 
signal 50 (OM). 

[0032] First single-angle determination unit 52 is con?g 
ured to process the alpha linear position signals 401 and 402 
to generate a composite, ?rst-angle signal (or) 54. In one 
embodiment, the ?rst angle signal 54 may be de?ned as a 
function of 

OL=ATAN(OL2/OL1) 

0033 Where 0t is said ?rst an le si nal 54, g g 

[0034] (x1 is said ?rst alpha linear position signal 401, 

[0035] (x2 is said second alpha linear position signal 402, 
and 

[0036] Wherein ATAN is the arctangent function. 

[0037] A single Hall Effect sensor may have its output 
affected by temperature variations. HoWever, the present 
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invention, by using tWo Hall Effect sensors on the same 
encoder strip, and then processing both signals, as described 
above, is operative to minimize or eliminate the variation 
due to temperature dependence. Any variation of one Hall 
Effect sensor due to temperature is processed out When the 
tWin signals 401 and 402, each assumed to have a similar 
temperature based variation, are divided one by the other as 
described above. This is one advantage to using dual signals 
originating from dual Hall Effect sensors operating against 
the same magnetic encoder strip, such as strip 14. Another 
advantage is that the tWin signals can provide position 
information Within a full 360° span of the pole pairs. The 
?rst angle signal (or) 54 is indicative of the position of the 
?rst sensing unit 18 Within one of the n+1 pole pairs in the 
?rst magnetic encoder 14. 

[0038] Second single-angle determination unit 56 operates 
in the same Way as determination unit 52 except that it 
processes the tWin beta position signals 421 and 422 origi 
nating from the second sensing unit 20. The second angle 
signal ([3) 58 that is generated from unit 56, in one embodi 
ment, may be de?ned as a function of 

[5=ATAN([52/[51) 

[0039] Where [3 is said second angle signal 58, 

[0040] [31 is said ?rst beta position signal 421, 

[0041] [32 is said second beta position signal 422, and 

[0042] Wherein ATAN is the arctangent function. 

[0043] The second angle signal ([3) 58 is indicative of the 
position of the second sensing unit 20 Within one of the n 
pole pairs in the second magnetic encoder 16. 

[0044] De-phaser 60 is con?gured to generate the differ 
ence signal 62, Which is representative of the difference in 
phase betWeen 0t (signal 54) and [3 (signal 58), i.e., it is the 
phase difference betWeen the tWo pole pairs calculated 
above. The phase difference is indicative of absolute linear 
position. As described above, the position of each sensing 
unit relative to its corresponding magnetic encoder strip is 
calculated by ?rst and second determination units 52 and 56 
to generate respective single-angle signals 54 and 58 (i.e., in 
one embodiment, the signal pairs 401 and 402 and, 421 and 
422, are de-phased 90°). In order to make an accurate 
calculation, hoWever, each of the ?rst and second single 
angle signals 54 and 58 must ?rst be put into the same scale 
since each Was derived from encoders using (n+1) and (n) 
pole pairs, respectively. Accordingly, part of the processing 
in de-phaser 60 includes multiplying the ?rst single-angle 
signal 54 by (n), and multiplying the second single-angle 
signal 58 by (n+1). In one embodiment, the de-phaser 60 is 
con?gured to generate the difference signal 62 as a function 
of 

¢=MOD(n/2*ot—(n+l)/2*[3+45, 90*n) 

[0045] Where 4) is the difference signal 62 and, 

[0046] MOD is a function that returns the remainder 
after dividing (n/2*0t—(n+l)/2*[3+45) by (90*n), 

[0047] 0t is the ?rst angle signal 54, 

[0048] 
[0049] The difference signal 62 is indicative of the differ 
ence in phase betWeen the ?rst and second angle signals 54 
and 58. 

and [3 is the second angle signal 58. 
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[0050] Position generator 64 is con?gured to generate the 
output signal 50 (GM) as a function of both the difference 
signal ((1)) 62, and the second angle signal ([3) 58. In one 
embodiment, position generator 64 is con?gured to generate 
output signal 50 (GM) as folloWs: 

(180*(CYCLE- l) +,B) (n+1) 
g-M : — * — 

180 2 

[0051] Where OM is the output absolute linear position 
signal (measured), 

[0052] [3 is the second angle signal 58, 

0053 and is the difference si nal 62, and g 

_ 50 +45 
CYCLE_ 9O . 

[0054] Using the position of the second magnetic encoder 
strip 16 (i.e., the loW frequency strip) and the difference 
signal ((1)) 62, the output signal 50 indicative of the absolute 
linear position can be determined With high accuracy. Pro 
viding further or more magnetic encoders can accomplish 
redundancy and/or can also provide for increased resolution. 

[0055] FIGS. 3-6 shoW various plots of the signals at 
various stages of the processing. 

[0056] Referring to FIG. 3, a plot 66 shoWs the outputs of 
the sensing unit 18, 20 as a function of the position of the 
traveling body 12. More particularly, FIG. 3 shoWs alpha 
position signal 402 plotted With beta position signal 422. 
Note that at position Zero, corresponding to the left-most end 
26 of the linear distance 30 (FIG. 1), the pole pairs on both 
encoders 14 and 16 are aligned. Accordingly, both signals in 
FIG. 3 converge at position 0 mm. HoWever, as the position 
of the traveling body 12 increases (i.e., the traveling body 12 
moves to the left in FIG. 1 Wherein the encoder strips 14 and 
16 move past the sensing units 18 and 20), the signals 402 
and 422 begin to diverge and shoW a phase difference. This 
phase difference is due to the con?guration of the encoder 
strips 14, 16 having (n+1) and (n) pole pairs, respectively. 

[0057] FIG. 4 shoWs the outputs 54, 58 of the ?rst and 
second single-angle determination units 52 and 56, respec 
tively. Plot 68 in FIG. 4 shoWs ?rst angle signal 54 and 
second angle signal 58, each of Which is a composite signal 
obtained by de-phasing of the respective signal pairs gen 
erated by sensing units 18, 20. Note that FIG. 4 also shoWs 
a phase difference betWeen the outputs of sensing units 18, 
20 as the position of traveling body 12 increases from 0 mm. 
This phase difference, as described above, is indicative of 
the absolute linear position. 

[0058] FIG. 5 shoWs a plot 70, Which illustrates the 
difference signal 62 (diphase value) that is output from 
de-phaser 60 as a function of position (mm). The difference 
signal 62 represents the difference in phase betWeen the tWo 
single-angle signals 54 and 58. 

[0059] FIG. 6 shoWs a total angle calculation plot 72, 
Which illustrates output signal 50 (measured position) as a 
function of actual position (mm). The output signal 50 (OM) 
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is the measured absolute linear position that is indicative of 
the actual absolute linear position of the traveling body 12. 

[0060] While the particular non-contact linear absolute 
position sensor system 10 as herein shoWn and described in 
detail is fully capable of attaining the above-described 
objects of the invention, it is to be understood that it is the 
presently preferred embodiment of the present invention and 
thus, is representative of the subject matter Which is broadly 
contemplated by the present invention, that the scope of the 
present invention fully encompasses other embodiments 
Which may become obvious to those skilled. For example, 
the present invention may be adapted to measure accurately 
the absolute angle of a rotational body (e.g., Where there is 
no access to the center). 

[0061] In one such alternate embodiment, tracks 14 and 16 
are deployed to form a pair of concentric, closed, circle 
shaped tracks, With one of the tracks having a greater 
diameter than the other one of the tracks. In this alternate 
embodiment, sensing units 18 and 20 are located near its 
corresponding track. 

[0062] In a still further embodiment, tracks 14 and 16 are 
deployed to form a pair of closed, circle-shaped tracks but 
in Which the tracks are offset axially from each other. For 
example, such tracks may be deployed on an outer surface 
of a rotating cylinder shaped component. The tracks 14, 16 
Would thus have about the same diameter (i.e., the diameter 
of the cylinder), but offset from each other. The sensing units 
18, 20 are located near its corresponding track. 

[0063] These tWo alternate examples shoW the use of the 
present invention to measure an absolute angle of a rotating 
body. It should be understood that the scope of the present 
invention is limited only by the appended claims. 

1-3. (canceled) 
4. A sensor system comprising: 

a ?rst magnetic encoder having n+1 pole pairs Where n is 
an integer greater than or equal to one; 

a second magnetic encoder having n pole pairs positioned 
proximate said ?rst encoder and aligned thereWith so as 
to cover a linear distance; 

?rst and second magnetic ?ux intensity sensing units 
located proximate said ?rst and second magnetic 
encoders and in sensing relation thereWith con?gured 
to generate respective linear position signals; 

a processor responsive to said linear position signals 
con?gured to generate an output signal indicative of an 
absolute linear position; 

Wherein said ?rst sensing unit comprises a ?rst pair of 
Hall Effect sensors associated With said ?rst magnetic 
encoder separated by half a pole distance, said second 
sensing unit comprises a second pair of Hall Effect 
sensors associated With said second magnetic encoder 
separated by half a pole distance, said ?rst and second 
pairs of Hall Effect sensors generating said linear 
position signals. 

5. A sensor system comprising: 

a ?rst magnetic encoder having n+1 pole pairs Where n is 
an integer greater than or equal to one; 
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a second magnetic encoder having n pole pairs positioned 
proximate said ?rst encoder and aligned therewith so as 
to cover a linear distance; 

?rst and second magnetic ?ux intensity sensing units 
located proximate said ?rst and second magnetic 
encoders and in sensing relation thereWith con?gured 
to generate respective linear position signals; 

a processor responsive to said linear position signals 
con?gured to generate an output signal indicative of an 
absolute linear position; 

Wherein said ?rst sensing unit comprises a ?rst pair of 
Hall E?fect sensors associated With said ?rst magnetic 
encoder separated by half a pole distance, said second 
sensing unit comprises a second pair of Hall E?fect 
sensors associated With said second magnetic encoder 
separated by half a pole distance, said ?rst and second 
pairs of Hall Effect sensors generating said linear 
position signals, and Wherein said processor includes: 

a ?rst single-angle determination unit responsive to said 
linear position signals con?gured to generate a ?rst 
angle signal indicative of the position of said ?rst 
sensing unit Within one of said n+1 pole pairs in said 
?rst magnetic encoder; 

a second single-angle determination unit responsive to 
said linear position signals con?gured to generate a 
second angle signal indicative of the position of said 
second sensing unit Within of said n pole pairs in said 
second magnetic encoder; 

a dephaser responsive to said ?rst and second angle 
signals con?gured to generate a di?ference signal 
indicative of the di?ference betWeen said ?rst and 
second angle signals; and 

a position generator responsive to said di?ference signal 
and said second angle signal con?gured to generate 
said output signal indicative of said absolute position 
Within said linear distance. 

6. The system of claim 5 Wherein said linear position 
signals comprise ?rst and second linear position signals 
from said ?rst pair of Hall E?fect sensors and third and fourth 
linear position signals from said second pair of Hall E?fect 
sensors, and Wherein said ?rst angle signal is de?ned as a 
function of 

0t=ATAN(0t2/0t1) 

Where 0t is said ?rst angle signal, 

otl is said ?rst linear position signal, 

(X2 is said second linear position signal, and Wherein 
said second angle signal is de?ned as a function of 

[5=ATAN([52/[51) 

Where [3 is said second angle signal, 

[31 is said third linear position signal, 

[32 is said fourth linear position signal. 
7. The system of claim 6 Wherein said dephaser is 

con?gured to generate said di?ference signal as a function of 
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Where 4) is said di?ference signal, 

MOD is a function that returns the remainder after 

dividing (n/2*0t—(n+l)/2*[3+45) by (90*n). 
8. The system of claim 5 Wherein said output signal is 

generated by said position generator as a function of 

Where OM is the absolute linear position, 

4) is said di?ference signal, and 

[3 is said second angle signal. 
9. The system of claim 5 further including m magnetic 

encoders Where m=l or higher, and m magnetic ?ux inten 
sity sensing units. 

10. An absolute linear position sensor system for a trav 
eling body comprising: 

a ?rst magnetic encoder having n+1 pole pairs Where n is 
an integer greater than or equal to one; 

a second magnetic encoder having n pole pairs positioned 
proximate said ?rst encoder and aligned thereWith at 
respective ends and extending in a coextensive fashion 
over a linear distance, said ?rst and second encoders 
being con?gured for movement together With the trav 
eling body; 

?rst and second magnetic ?ux intensity sensing units 
located proximate said ?rst and second magnetic 
encoders and in sensing relation thereWith con?gured 
to generate respective linear position signals, Wherein 
said ?rst sensing unit comprises a ?rst pair of Hall 
E?fect sensors associated With said ?rst magnetic 
encoder separated by half a pole distance, said second 
sensing unit comprises a second pair of Hall E?fect 
sensors associated With said second magnetic encoder 
separated by half a pole distance, said ?rst and second 
pairs of Hall E?fect sensors generating said linear 
position signals; 

a processor responsive to said linear position signals 
con?gured to generate an output signal indicative of an 
absolute linear position of said traveling body. 

11. An absolute linear position sensor system for a trav 
eling body comprising: 

a ?rst magnetic encoder having n+1 pole pairs Where n is 
an integer greater than or equal to one; 

a second magnetic encoder having n pole pairs positioned 
proximate said ?rst encoder and aligned thereWith at 
respective ends and extending in a coextensive fashion 
over a linear distance, said ?rst and second encoders 
being con?gured for movement together With the trav 
eling body; 

?rst and second magnetic ?ux intensity sensing units 
located proximate said ?rst and second magnetic 
encoders and in sensing relation thereWith con?gured 
to generate respective linear position signals, Wherein 
said ?rst sensing unit comprises a ?rst pair of Hall 
E?fect sensors associated With said ?rst magnetic 
encoder separated by half a pole distance, said second 
sensing unit comprises a second pair of Hall E?fect 
sensors associated With said second magnetic encoder 
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separated by half a pole distance, said ?rst and second 
pairs of Hall Effect sensors generating said linear 
position signals; 

a processor responsive to said linear position signals 
con?gured to generate an output signal indicative of an 
absolute linear position of said traveling body Wherein 
said processor includes: 

a ?rst single-angle determination unit responsive to 
said linear position signals con?gured to generate a 
?rst angle signal indicative of the position of said 
?rst sensing unit Within one of said n pole pairs in 
said ?rst magnetic encoder; 

a second single-angle determination unit responsive to 
said linear position signals con?gured to generate a 
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second angle signal indicative of the position of said 
second sensing unit Within of said n pole pairs in said 
second magnetic encoder; 

a dephaser responsive to said ?rst and second angle 
signals con?gured to generate a di?‘erence signal 
indicative of the di?‘erence betWeen said ?rst and 
second angle signals; and 

a position generator responsive to said di?cerence signal 
and said second angle signal con?gured to generate 
said output signal indicative of said absolute linear 
position. 


