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(57) ABSTRACT 

An absolute position transducer system has tWo members 
movable relative to each other and includes a code track 
transducer and at least one ?ne Wavelength transducer. The 
code track is arranged to form a sequential pattern of base-N 
code Words, Where N is greater than tWo (i.e., non-binary). 
Each sequential non-binary code Word identi?es an absolute 
position of one member With respect to the other at a ?rst 
resolution. Alternatively, the code track is arranged to form 
a pseudo-random non-binary code Word pattern. In this case, 
the transducer system compares a non-binary code Word 
With a look-up table to determine an absolute position of one 
member With respect to the other at a ?rst resolution. In 
order to generate a non-binary code Word pattern, code track 
transducer employs different-sized ?ux disrupters, different 
siZed ?ux enhancers, or a combination of ?ux disrupters and 
enhancers. 
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ABSOLUTE POSITION TRANSDUCER HAVING A 
NON-BINARY CODE-TRACK-TYPE SCALE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to an absolute position 
inductive transducer. More particularly, this invention is 
directed to an absolute position inductive transducer that 
includes a non-binary code-track-type scale for extending 
the length of the absolute position scale. 

[0003] 2. Description of Related Art 

[0004] US. Pat. No. 4,893,077 to Auchterlonie describes 
an absolute position sensor employing several linear tracks 
of inductive transducers. Each track of this sensor has a 
slightly different Wavelength or frequency. The circuits in 
the sensor analyZe the phase difference betWeen the tracks to 
determine the absolute position of the read head. Similar 
knoWn systems employ capacitive transducers having mul 
tiple tracks of capacitive elements, such as US. Pat. Nos. 
4,879,508 and 5,023,599 to Andermo. The absolute position 
sensors of Auchterlonie and Andermo, hoWever, suffer from 
a number of problems, including scale length limitations, 
sensitivity to contamination, increased manufacturing costs 
due to tight tolerance requirements, and dif?culty to incor 
porate into hand-held devices. 

[0005] US. Pat. No. 4,697,144 to HoWbrook discloses a 
transducer that employs several pitches of coils (each pitch 
representing 360° of phase change) to similarly provide an 
absolute position using an inactive member. This transducer, 
hoWever, has a limited range Within Which to determine the 
absolute position of the inactive member. Additionally, this 
transducer fails to provide suf?cient accuracy for most 
applications. 

[0006] US. Pat. No. 5,027,526 to Crane describes an 
optical transducer that reads a bar code pattern printed on a 
coiled tape. This bar code pattern is the standard interleaved 
2 of 5 bar code symbol that encodes several numbers 
betWeen start and stop bar code patterns. The numbers, in 
turn, correspond to a coarse absolute position of the tape. 
Circuits read the bar code symbols and convert them to 
numbers representing the absolute position of the tape. 
Clockings based on the position of a drum that coils the tape 
determine a ?ne position measurement. 

[0007] This absolute transducer, hoWever, suffers from 
traditional problems of optical transducers, such as scale 
length limitations, sensitivity to contamination, increased 
manufacturing costs, and large current supply requirements. 
Furthermore, this absolute transducer is not a true absolute 
transducer at every position, because the transducer requires 
a scanning motion through a range as long as the bar code 
in order to derive or update an absolute position measure 
ment. This renders it unusable for many applications. 

[0008] US. patent application Ser. No. 08/788,469, ?led 
Jan. 29, 1997, and US. Pat. No. 5,841,274 to MasrelieZ et 
al., each herein incorporated by reference in its entirety, 
disclose a number of longer-range absolute position trans 
ducers. One current absolute position transducer increases 
the absolute position range by using multiple analog tracks 
With different repeat lengths. HoWever, the current state of 
the art for inductive and capacitive transducers imposes a 
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maximum practical ratio of Wavelengths betWeen tracks of 
about 32:1 (regardless of Whether the ratio is established by 
the primary Wavelengths, or by a beat frequency betWeen 
closely spaced Wavelengths), a minimum for the ?ne Wave 
lengths from 1.28 mm to 5.12 mm, and read head lengths of 
at least ?ve ?ne Wavelengths for most metrology applica 
tions. Longer ?ne Wavelengths provide proportionately 
loWer resolution and accuracy. Therefore, the maximum 
length of a tWo-track scale Would be 32 ?ne Wavelengths 
(about 40 to 160 Longer scales Would require more 
tracks, more read heads, and Wider overall scale Width, thus 
are more expensive and require a larger physical siZe. A 
typical scale With a ?ne Wavelength of 2.56 mm Would 
require 3 tracks and read heads to achieve a scale length of 
betWeen 80 mm and 2500 mm. 

[0009] Another current absolute position transducer dis 
closed in MasrelieZ uses binary coded tracks to increase the 
absolute position range. This transducer requires a code 
track having N-bit code Words and N read heads to achieve 
a coarse scale length of 2N ?ne Wavelengths. A scale Would 
require 8 read heads to achieve a coarse scale length of 256 
?ne Wavelengths. This transducer uses a pseudo-random 
sequence of code Words analyZed along the code track. 
Shifting the read head by one code position anyWhere in the 
sequence Will generate a unique code Word, distinguishable 
from all other code Words. Each code Word position corre 
sponds to and uniquely identi?es a particular ?ne Wave 
length of a ?ne Wavelength scale having approximately 2N 
?ne Wavelengths. Once the particular ?ne Wavelength is 
identi?ed, the ?ne Wavelength scale can be used to identify 
the absolute position to a ?ne resolution. HoWever, the 
length of this transducer is limited to the length of the coarse 
Wavelength. Further, not all code Words are usable because 
of the inability to unambiguously determine certain code 
Words. 

[0010] Another current transducer uses separator marks 
such as start, stop, and parity bits betWeen code Words. 
Therefore, in a binary system Which can read an 8-bit code 
Word and uses three bits to accomplish synchroniZation, the 
maximum scale length Would be 8*2(8'3) (256) bit positions. 

[0011] US. patent application Ser. No. 09/143,790 to 
Steinke, ?led Aug. 31, 1998, herein incorporated by refer 
ence in its entirety, discloses a number of compact, long 
range absolute position transducers. These transducers 
include an encoded numerical binary code track and at least 
one analog ?ne scale track so that a coarse Wavelength can 
be determined. The code track is arranged so that each 
coarse Wavelength has a predetermined relationship With 
one sequentially arranged code Word or With a block of code 
Words. Because the starting point of the code Words can be 
determined, no codes need to be avoided to prevent ambi 
guity. 
[0012] Yet another current transducer uses continuously 
varying Wavelengths. This technique Will Work With a single 
track. HoWever, the ?ne scale accuracy degrades as the 
Wavelength increases toWard the ends of the scale, since 
there are feWer ?ne scale marks under the read head. 
Additionally, the reduced spacing betWeen the marks 
decreases the contrast betWeen the phases. In this device, the 
scale length is limited by the read head length, the minimum 
spacing Which alloWs marks to be accurately distinguished, 
and the minimum number of marks Which are required under 
the read head for adequate accuracy. 
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SUMMARY OF THE INVENTION 

[0013] There is thus a need for an absolute position 
transducer system that is suitable for a Wide variety of 
applications, including very long measuring range applica 
tions and loW-poWer applications, that is accurate, compact, 
and relatively inexpensive to manufacture compared to the 
conventional transducers described above, and that provides 
an absolute position output signal. 

[0014] This invention provides an inductive absolute posi 
tion transducer having a longer scale for a given read head 
length, or a smaller read head for a given scale length. The 
inductive absolute position transducer provides a longer 
maximum scale length than transducers using pseudo-ran 
dom binary code tracks and sequential binary code tracks. 

[0015] The absolute position transducer of this invention 
is useful for high accuracy applications such as linear or 
rotary encoders. This high accuracy is on the order of 0.1 
micron for a one meter absolute scale. 

[0016] One embodiment of the inductive absolute position 
transducer of this invention includes a code-track-type scale 
having sequentially arranged, non-binary code Words. The 
code track uses more than tWo levels to create a base-N code 

Word Where N is greater than 2 (i.e., non-binary). Preferably 
each digit Will have an even number of levels, so that With 
differential Windings used for both digit value and phase 
measurement, Zero output is only seen When the sensor loop 
is positioned over the space betWeen code digits on the scale. 
The rlnaximum scale length Would be NM code Words, or 
M*N code digits. Thus, for example, a scale With six base-4 
digits per code Word Would have a maximum scale length of 
24576 digit positions. 

[0017] If six-digit code track Words increment sequen 
tially from “0000004” through all 24576 steps to “3333334” 
from left to right, the absolute position code Word is deter 
mined by ?nding the start position of the code Word, 
incrementing any digits to the left of the detected start 
position of the code Word by one, and shifting the incre 
mented digits to the right end of the code Word. If the code 
track decrements from left to right, the absolute position 
code Word is determined by decrementing any digits to the 
left of the detected start position of the code Word by one 
before shifting the incremented digits to the right end of the 
code Word. Thus, the appropriate code Word and the position 
of the read head relative to the code Word can be determined 
independently of the absolute position of the read head 
relative to the scale. As a result, the maximum scale length 
is a multiple of the maximum code track Word length and the 
analog coarse Wavelength, instead of the code track Word 
length and the bit length, as in the 469 application and the 
274 patent. Therefore, the scale length can be further 
increased Without increasing the read head length, simply by 
increasing the number of digits in, and/or the base of, the 
code Word. 

[0018] A second embodiment of the non-binary code track 
scale includes a code-track-type scale having a pseudo 
random sequence of non-binary code Words. The non-binary 
code digits can be grouped into non-binary code Words. 
Each non-binary code Word de?nes a certain absolute posi 
tion along the measuring axis. The coarse absolute position 
is determined by inputting a sampled non-binary code Word 
as an address to a lookup table. 
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[0019] These and other features and advantages of this 
invention are described in or apparent from the folloWing 
detailed description of the preferred embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The preferred embodiments of this invention Will 
be described in detail, With reference to the folloWing 
?gures, Wherein: 

[0021] FIG. 1 is a plan vieW of one exemplary embodi 
ment of an absolute position transducer having a non-binary 
code-track-type scale according to this invention; 

[0022] FIG. 2 is a plan vieW of a ?rst exemplary embodi 
ment of a code track transducer having a non-binary code 
track-type scale according to this invention; 

[0023] FIG. 3 is a table shoWing the correlation betWeen 
the voltage signal output and non-binary logic level of the 
code track transducer of FIG. 2; 

[0024] FIG. 4 is a plan vieW of a second exemplary 
embodiment of a code track transducer having a non-binary 
code-track-type scale according to this invention; 

[0025] FIG. 5 is a table shoWing the correlation betWeen 
the voltage signal output and non-binary logic level of the 
code track transducer of FIG. 4; 

[0026] FIG. 6 is a plan vieW of a third exemplary embodi 
ment of a code track transducer having a non-binary code 
track-type scale and a ?rst exemplary embodiment of a read 
head usable With the ?rst-third exemplary embodiments of 
the code track transducer according to this invention; 

[0027] FIG. 7 is a plan vieW of a third exemplary embodi 
ment of the code track transducer and a second exemplary 
embodiment of the read head usable With the ?rst-third 
exemplary embodiments of the code track transducer 
according to this invention; 

[0028] FIG. 8 is a plan vieW of a third exemplary embodi 
ment of the code track transducer and a third exemplary 
embodiment of the read head usable With the ?rst-third 
exemplary embodiments of the code track transducer 
according to this invention; 

[0029] FIGS. 9(a)-(y) are graphs of output signals versus 
position for a base-5 code track scale; 

[0030] FIG. 10 is a ?oWchart outlining one exemplary 
embodiment of a method of determining the absolute posi 
tion of the read head of the transducer of a non-binary 
code-track-type scale according to this invention; 

[0031] FIG. 11 is a diagram shoWing a ?rst exemplary 
embodiment of a non-binary code Word pattern according to 
this invention; 

[0032] FIG. 12 is a diagram shoWing a second exemplary 
embodiment of a non-binary code Word pattern according to 
this invention; 

[0033] FIG. 13 is a lookup table corresponding to the tWo 
digit base-3 non-binary code Word pattern of FIG. 4; and 

[0034] FIG. 14 is a plan vieW of one exemplary embodi 
ment of a reduced-offset absolute position transducer having 
a non-binary code-track-type scale according to this inven 
tion. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0035] Although the structures and methods of this inven 
tion are readily applicable to optical, magnetic, capacitive, 
or inductive scales in both linear and rotary metrology, the 
following description and eXamples are directed to linear 
scales using inductive technology. One of ordinary skill in 
the art Will readily appreciate hoW to apply the structures and 
methods disclosed herein to optical, magnetic and capacitive 
transducers. Thus, While the applicants intend for the scope 
of this application to cover such embodiments, to avoid 
unnecessary duplication, only inductive transducers Will be 
used to describe this invention. That is, one of ordinary skill 
in this art Would able to apply the techniques and methods 
described herein to optical, magnetic and capacitive trans 
ducers in a predictable manner. One of ordinary skill in this 
art Would also be able to apply these teachings to optical, 
magnetic and capacitive transducers Without undue experi 
mentation. Thus, a detailed explanation of hoW the tech 
niques and methods described herein can be applied to 
optical, magnetic and capacitive transducers is not necessary 
for an understanding of hoW the techniques and methods 
described herein can be applied to optical, magnetic and 
capacitive transducers and thus is omitted. 

[0036] FIG. 1 shoWs one embodiment of a compact, 
long-range absolute position inductive transducer according 
to this invention. The general structure of the inductive 
transducer shoWn in FIG. 1, a detailed explanation of the 
inductive coupling betWeen the read head and scale elements 
of the inductive transducer shoWn in FIG. 1, and a detailed 
description of the general operation of the inductive trans 
ducer shoWn in FIG. 1 are set forth in the incorporated 469 
application and the 274 patent, as Well as in copending US. 
patent application Ser. No. 08/912,567, ?led Aug. 29, 1997, 
herein incorporated by reference in its entirety. Because each 
of these incorporated references fully describe the general 
structure and operation of the inductive transducer shoWn in 
FIG. 1, the folloWing detailed description of the compact, 
long-range absolute position transducer according to this 
invention omits such a description of the generaliZed struc 
ture and operation of the inductive transducer shoWn in FIG. 
1. 

[0037] FIG. 1 shoWs one preferred embodiment of the 
compact, long-range absolute position transducer according 
to this invention. For a given measurement resolution, the 
compact, long-range absolute position transducer of this 
invention can economically provide a much longer absolute 
position measurement range than that generally permitted by 
the conventional absolute position inductive transducers, 
such as those disclosed in the incorporated 469 application 
and the 274 patent. 

[0038] As shoWn in FIG. 1, the compact, long-range 
absolute position inductive transducer 100 includes a read 
head 102 and a scale member 104. The read head 102 is 
movable along the scale 104 in an overlap relationship along 
a measuring aXis 106. The compact, long-range absolute 
position inductive transducer 100 also includes a ?ne Wave 
length incremental inductive transducer 210 having a ?ne 
Wavelength scale 218 and a code track transducer 230 
having a code track scale 238. The ?ne Wavelength trans 
ducer 210 and the code track transducer 230 eXtend along 
the measuring aXis 106. The ?ne Wavelength transducer 210 
has a ?ne wavelength 7». 
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[0039] The code track transducer 230 is used for tWo 
purposes: 1) to generate an analog coarse Wavelength by 
computing the phase difference betWeen the phase angles of 
the ?ne Wavelength transducer 210 and a ?ne Wavelength 
output of the code track transducer 230, and 2) to generate 
a non-binary code, such as one of the codes described beloW 
With respect to FIGS. 3 and 4. 

[0040] As shoWn in FIG. 1, the ?ne Wavelength trans 
ducer 210 includes a ?rst receiver Winding 214 and a second 
receiver Winding 216 positioned on the read head 102 and 
arranged in quadrature, i.e., offset from each other by 1A1 
Wavelength, or 90°, along the measuring access 106. Each of 
the receiver Windings 214 and 216 includes an equal number 
of positive and negative loop portions. 

[0041] LikeWise, the non-binary code track transducer 230 
includes tWo sets of Windings in quadrature, each set of 
Windings containing eight balanced pairs 237 positioned on 
the read head 102 and extending along the measuring aXis 
106. As shoWn in FIG. 1, each of the balanced pairs 237 of 
the code track transducer 230 includes a positive loop 
portion 234 and a negative loop portion 236 aligned per 
pendicular to the measuring aXis 106. The plurality of 
balanced pairs 237 are surrounded by a transmitter Winding 
232, While the transmitter Winding 212 surrounds only the 
receiver Windings 214 and 216 of the ?ne Wavelength 
transducer 210. 

[0042] The phase angle of the read head relative to the ?ne 
Wavelength is measured by Well-knoWn means, as described 
in the incorporated 469 and 790 applications and the 274 
patent. For eXample, the tWo receiver Windings 214, 216 for 
the ?ne Wavelength scale 218 are spaced apart such that they 
produce signals in quadrature. In addition, tWo or more 
sensors are used for the code track 238 to alloW similar 
measurement of the phase angle of the read head pattern 
relative to the code track 238. Although any displacement of 
these sensor patterns other that 00 or integer multiples of 
1800 can be used, the Windings are preferably spaced at 
180°/N, Where N is the number of Windings. The preferred 
spacing is 90° for tWo sensors (producing signals in quadra 
ture), 60° for three sensors, etc. For signals in quadrature, the 
phase angle is equal to the arctangent of the sine/cosine 
signals for each scale. Similar equations can be derived for 
the other spacings of the read head Windings and/or for more 
than tWo Windings. 

[0043] The code scale 238 shoWn in FIG. 1 is a non 
binary code scale having scale elements 174 comprising tWo 
parallel portions formed on the scale member 104. The 
non-binary code scale 238 includes an upper portion 239 and 
a loWer portion 239‘. The tWo portions are arranged along 
the measuring aXis 106. The upper and loWer portions 239 
and 239‘ each include a plurality of the scale elements 174, 
including a plurality of ?uX modulators 170 and a plurality 
of spaces 173. 

[0044] The ?uX modulators 170 can be either ?uX disrupt 
ers, ?uX enhancers or a combination of ?uX disrupters and 
?uX enhancers, as described in the incorporated 469 appli 
cation and the 274 patent. Each of the scale elements 174 has 
a length along the measuring aXis 106 equal to one-half of 
the edge-to-edge distance 179. Each set of scale elements 
174 de?nes one of a series of unique multi-digit non-binary 
code Words. This series of unique multi-bit non-binary code 
Words is preferably sequential. The number of non-binary 
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code Words Will depend on the number of digits in the 
non-binary code Words and the design rules for the code 
Words. 

[0045] When both the ?rst polarity loop 234 and the 
second polarity loop 236 of a balanced loop pair 237 are 
positioned above a pair of spaces 173, a pair of full-siZed 
?ux modulators 171 or a pair of equally-siZed, reduced-siZe 
?ux modulators 170, such as a pair of the half-siZed ?ux 
modulators 172, the induced electromagnetic ?ux (EMF) in 
each of the ?rst and second polarity loops 234 and 236 is 
nominally the same. Thus, the net voltage amplitude of the 
signal output from such a balanced loop pair 237 is nomi 
nally Zero. This holds true for any symmetrical arrangement 
of a balanced loop pair 237 With respect to the ?ux modu 
lators 170 or spaces 173. 

[0046] In contrast, assuming the ?ux modulators 170 are 
disrupter-type elements, the ?rst polarity loops 234 are 
positive polarity loops, and the second polarity loops 236 are 
negative polarity loops, When a positive polarity loop 234 is 
positioned over a space 173 of a balanced loop pair 237 and 
the negative polarity loop 236 of that balanced loop pair 237 
is positioned over a full-siZed ?ux disrupter 171 or a 
half-siZed ?ux disrupter 172, that balanced loop pair 237 
outputs a positive amplitude voltage signal. That is, the EMF 
induced in the positive loop 234 is not disrupted. HoWever, 
the EMF induced in the negative polarity loop 236 is 
disrupted. Thus, a net positive EMF is induced in the 
balanced loop pair 237. The balanced loop pair 237 thus 
outputs a positive amplitude voltage signal. 

[0047] Furthermore, if the positive polarity loop 234 of a 
balanced loop pair 237 is positioned over a full-siZed ?ux 
disrupter 171 or a half-siZed ?ux disrupter 172, While the 
negative polarity loop 236 of the balanced loop pair 237 is 
positioned over a space 173, the balanced loop pair 237 
outputs a net negative amplitude voltage signal. That is, the 
EMF induced in the negative polarity loop 236 Would not be 
disrupted, While the EMF induced in the positive polarity 
loop 234 Would be disrupted. Thus, a net negative EMF is 
induced in the balanced loop pair 237. The balanced loop 
pair 237 thus outputs a negative voltage amplitude signal. 

[0048] It should be appreciated that, if the ?ux modulators 
170 are enhancer-type elements instead of ?ux disrupters, or 
the polarities of the ?rst polarity loops 234 and the second 
polarity loops 236 are reversed, the voltage amplitudes are 
also reversed. Of course, if both of these changes Were made 
at the same time, the relative voltage amplitudes Would 
remain the same. 

[0049] Thus, When a space 173 is adjacent to a full-siZed 
?ux modulator 171 or a half-siZed ?ux modulator 172, the 
output from the balanced loop pair 237 lying above that pair 
of a space 173 and an adjacent full-siZed ?ux modulator 171 
or half-siZed ?ux modulator 172 is either a positive voltage 
or a negative voltage. Further, if there are no full-siZed or 
half-siZed ?ux modulators 171 and/or 172 present to modu 
late the magnetic ?ux generated by the transmitter Winding 
232, each of the balanced loop pairs 237 nominally produces 
no output signal or a net Zero amplitude voltage. 

[0050] FIG. 2 shoWs one exemplary embodiment for a 
code track scale 238 Where ?ux enhancers 170 are used as 
the ?ux modulators 170. TWo different-sized ?ux enhancers 
170 are utiliZed, the full-siZed ?ux enhancers 171 and the 
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half-siZed ?ux enhancers 172. Thus, a different net output 
voltage correlates With each different-sized ?ux enhancer 
170. During operation, the positive polarity loops 234 over 
lying the ?ux enhancers 170 output a positive voltage, and 
the negative polarity loops 236 overlying the ?ux enhancers 
output a negative voltage. Then, each of the different net 
output voltages is associated With a different logic level. The 
correlation betWeen the net output voltage signals and logic 
levels is shoWn in FIG. 3. The code track scale shoWn in 
FIG. 2 outputs a base-5 code Word pattern, a portion of 
Which is shoWn in FIG. 11. The ?ux enhancers 170 under 
lying the balanced loop pairs 237 shoWn in FIG. 2 corre 
spond to the read head outputs discussed With respect to 
FIG. 11. 

[0051] FIG. 4 illustrates a second exemplary embodiment 
for the code track scale 238, Where a combination of the 
spaces 173 and the full-siZed ?ux enhancers 171 are used to 
generate the base-3 code Word pattern shoWn in FIG. 12. 
The correlation betWeen the output voltage signals and logic 
levels is shoWn in FIG. 5. 

[0052] It can be appreciated that the ?ux modulators 170 
may be selected from a set of more than tWo siZes, as long 
as the output voltage of each siZe ?ux modulator is detect 
able to a satisfactory level of certainty. In another exemplary 
embodiment, both ?ux enhancers and ?ux disrupters, of 
equal or varied siZes, could be employed to provide an even 
greater number of logic levels, or to merely double the signal 
strength for the output voltage associated With each logic 
level, Without increasing the number of logic levels. For 
example, in the ?ux disrupter embodiment disclosed above 
With respect to FIG. 1, the spaces 173 could be replaced 
With ?ux enhancers to increase the signal strength. 

[0053] Furthermore, the phase angle of the read head 102 
relative to the coarse Wavelength is measured by Well 
knoWn devices and methods, as described in the incorpo 
rated references. 

[0054] It should be appreciated that the absolute position 
transducer 100 could be designed using three tracks, tWo ?ne 
Wavelength scales and a code track scale With a series of 
sequential discrete code Words. TWo Windings for each ?ne 
Wavelength scale are spaced apart such that they produce 
signals in quadrature (sine and cosine). The phase angle is 
equal to the arctangent of the sine/cosine signals for each 
scale. Similar equations can be derived for other spacing of 
the read head Windings, or for more than tWo Windings. The 
Windings are preferably spaced at 180°/N, Where N is the 
number of Windings. The tWo ?ne Wavelength scales could 
be used to generate a coarse Wavelength because the tWo ?ne 
Wavelength scales Would have different repeat lengths such 
that the same pair of phase angles occurs on both ?ne scales 
only once per coarse Wavelength. The length of each code 
Word generated by the code track scale Would be equal to the 
coarse Wavelength. 

[0055] The circuitry and the signal processing steps asso 
ciated With the ?ne Wavelength transducers and code trans 
ducer are essentially the same as those disclosed in the 
incorporated 469 application and the 274 patent. 

[0056] FIGS. 6-8 illustrate a third exemplary embodiment 
for the code track scale 238 Where a combination of uni 
formly-siZed ?ux modulators 170 are used to generate a 
base-5 code Word pattern. The ?ux modulators 170 are 
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staggered across the Width of the code track scale 238. The 
correlation between the output voltage signals and logic 
levels is re?ected by FIG. 3. FIGS. 6-8 each also shoW a 
different embodiment of the spacing of the balanced loop 
pairs 237. 

[0057] In the three exemplary embodiments of the read 
head shoWn in FIGS. 6-8, the spacing of the balanced loop 
pairs alloWs ambiguities in the signal levels to be resolved 
When the read head 102 is not exactly aligned With the code 
track elements 174. This third exemplary embodiment of the 
code track transducer uses redundant balanced loop pairs 
237 at evenly spaced intervals. In the ?rst exemplary 
embodiment of the read head 102 shoWn in FIG. 6, the 
balanced loop pairs 237 are spaced at 180° intervals, i.e., tWo 
per code track element. The sensor array in FIG. 6 includes 
2N+1 balanced loop pairs, Where N is the number of code 
track elements per code Word. The “extra” balanced loop 
pair insures that each code track element 174 Will have at 
least tWo balanced loop pairs over each code track element. 
In the second exemplary embodiment of the read head 102 
shoWn in FIG. 7, the balanced loop pairs are spaced at 120°, 
i.e., three per code track element, and there are 3N+1 
balanced loop pairs. In the third exemplary embodiment of 
the read head 102 shoWn in FIG. 8, the balanced loop pairs 
are spaced at 90°, i.e., four per code track element, and there 
are 4N+1 balanced loop pairs. 

[0058] In these ?rst-third embodiments of the read head 
102 shoWn in FIGS. 6-8, only every nth balanced loop pair 
Will be used to sense one of the code track elements. In 
particular, only the n balanced loop pairs that most closely 
align With the code track elements Will be used. Thus, for 
each of the n sets of n adjacent balanced loop pairs, one of 
the n adjacent balanced loop pairs Will most closely align 
With an underlying code track element. Because the spacing 
of the code track elements and the balanced loop pairs is 
constant, the same relative balanced loop pairs in each set 
Will be the one that most closely aligns With the code track 
elements. 

[0059] When the array of balanced loop pairs is read, the 
output of the set of balanced loop pairs having the largest 
difference betWeen the maximum and minimum voltages of 
the balanced loop pairs Within the set (also referred to as the 
“greatest contrasting set”) is selected to determine the posi 
tion of the read head 102 relative to the code track scale 238. 
Because the sets of balanced loop pairs that are least aligned 
With the underlying code elements Will tend to generate 
outputs that are functions of the values of tWo adjacent code 
elements, those outputs Will tend to be in betWeen the 
discrete values of those tWo adjacent code elements. That is, 
in general, the output of any misaligned balanced loop pair 
Will be an average of the sensed adjacent code element 
values. In contrast, the set of balanced loop pairs that are 
most closely aligned With the underlying elements Will be 
least affected by adjacent code elements, and thus, Will 
output values that are closer to the discrete values of the 
underlying code elements. 

[0060] Alternatively, in yet another exemplary embodi 
ment of the read head 102, an analog ?ne scale measurement 
can be used to determine the position of the read head 102 
relative to the code track scale 238, and thus, Which ones of 
the balanced loop pairs should be selected. FIGS. 9(a)-(y) 
illustrate all possible position-dependent intermediate volt 
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age values betWeen the voltage values for any tWo adjacent 
digits for a base-5 code. These intermediate values are stored 
in a read-only memory (ROM) on the read head 102. 

[0061] For example, FIG. 9(6) shoWs the position-depen 
dent intermediate voltage value output by a balanced loop 
pair as the read head is moved such that that balanced loop 
pair goes from being aligned With a “0” code element to 
aligned With an adjacent “4” code element. The intersection 
of the vertical and horiZontal axes represent the output signal 
When a sensor is aligned With the “0” code element. The 
output signal at the fourth tick mark on the horiZontal axis 
re?ects the signal When the sensor is aligned With the 
adjacent “4” code element. The intermediate tick marks on 
the horiZontal axis represent quarter Wavelength positions of 
that balanced loop pair relative to the tWo adjacent code 
elements. 

[0062] Using an analog ?ne scale 218, the position of the 
read head 102 relative to the scale 104 Within the Wavelength 
)L can be determined. From this incremental relative posi 
tion, the position of one of the balanced loop pairs relative 
to adjacent code elements can be determined, and thus, the 
position of the balanced loop pairs along the horiZontal axis 
of the graphs. The output of each sensor 237 is then 
compared With the stored graphs to determine Which of the 
graphs has the same output signal for the determined posi 
tion along the horiZontal axis. If there is only one graph that 
includes the sensor output for the determined position, the 
code elements to the right and left of the sensor are easily 
determined. If there are a plurality of graphs that include the 
same sensor output for the determined position, the deter 
mination of the values of the code elements Will depend on 
the determination of the values of other code elements. The 
use of at least 2N+1 sensors per code element is recom 
mended, so that each code element beloW the read head Will 
alWays have at least tWo sensors, With one of the sensors 
providing an output that is more closely associated With the 
code element. 

[0063] FIG. 10 outlines one exemplary embodiment of a 
method for determining the absolute position of the read 
head of the absolute position transducer having a non-binary 
code-track-type scale of this invention. Beginning in step 
S100, control continues to step S200, Where the transmitter 
Winding is driven. Then, in step S300, the outputs of the ?ne 
Wavelength receiver Windings are input and stored. Next, in 
step S400, the ?ne Wavelength outputs of the code track 
receiver Windings are input and stored. Control then con 
tinues to step S500. 

[0064] In step S500, the non-binary outputs of n code track 
receiver Windings are input and stored. The variable “n” 
represents the number of digits in a code Word. Then, in step 
S600, the “n” outputs of the code track receiver Windings are 
digitiZed. Next, in step S700, the phase angles of the ?ne 
Wavelength receiver Windings and ?ne Wavelength outputs 
of the code track receiver Windings are determined. Control 
then continues to step S800. 

[0065] In step S800, the phase difference betWeen the ?ne 
Wavelength receiver Windings and ?ne Wavelength outputs 
of the code track receiver Windings is determined. Next, in 
step S900, the relative position of the start position of a code 
Word to the n code track digits is determined based on the 
determined phase difference. Then, in step S1000, the num 
ber k of code track digits to the left of the start position digit 
is determined. Control then continues to step S1100. 
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[0066] In step S1100, the non-binary sequence of k code 
track digits is incremented by one. Then, in step S1200, the 
rightmost k digits of the incremented non-binary sequence 
are shifted n-k positions to the right. Next, in step S1300, the 
resulting n-digit code Word is read. Control then continues 
to step S1400. 

[0067] In step S1400, the coarse absolute position of the 
read head relative to the scale is determined Within one 
coarse Wavelength, based on the resulting n-digit code Word. 
Next, in step S1500, the ?ne absolute position of the read 
head relative to the scale is determined Within the deter 
mined coarse Wavelength based on the phase angle of the 
?ne Wavelength receiver Winding outputs. Then, in step 
1600, the absolute position measuring process stops. 

[0068] The code track 238 can be arranged in various 
con?gurations, depending on the desired scale length and 
accuracy. FIG. 11 shoWs a ?rst exemplary embodiment of 
the arrangement of the code Word pattern of the absolute 
position transducer having a non-binary code-track-type 
scale of the invention, resulting from the code track scale 
shoWn in FIG. 2. FIG. 11 shoWs only a portion of the 
sequence of code Words. In FIG. 11, the start of each code 
Word is shoWn by a period Base-5 values are assigned to 
each digit position, and the digit positions underlying the 
receiver Windings of the code track read head shoWn in FIG. 
2 are enclosed in brackets Ellipses ( . . . ) are used to 

indicate the continuation of the sequential series. 

[0069] In FIG. 11, ?ve-digit base-5 code track Words 
increment sequentially from “000005” through all 3125 
steps to “444445” from left to right. In this embodiment, the 
most signi?cant digit is on the left and the least signi?cant 
digit is on the right. Additionally, in FIG. 11, the Width of 
each “digit position” of the code track transducer along the 
measuring axis is equal to either one-half of, or one Whole, 
Wavelength of one of the ?ne Wavelength transducers, 
depending on the structure of the transducer, and the Width 
of the ?ve digit positions that form a unique code Word is 
equal to the coarse Wavelength. A “digit position” is the 
position on the code track scale that is de?ned to correspond 
to the position of the receiver Winding given by a balanced 
loop pair based on the ?ux modulator or space occupying 
that digit position, and thus to the digitiZed output of one of 
the receiver Windings of the code track read head. Because 
the position corresponding to each digit position on the read 
head are knoWn, the position of the read head relative to the 
digit position, and thus to the scale, can be determined. 

[0070] The sequence of digitiZed outputs of the receiver 
Windings of the code track read head shoWn in FIG. 11 is 
“34112”. Although the read head is not aligned With the start 
position of a code Word, the start position for this code Word 
is easy to ?nd, as described in the incorporated ’790 appli 
cation. Once the start position is found, the sequence “3411” 
of digitiZed outputs from the receiver Windings of the code 
track read head occurring to the left of the start position is 
determined and the resulting non-binary number “3411” is 
incremented by one to obtain a neW non-binary number 
“3412”. In the event that the incrementing results in a neW 
non-binary number containing more digits than the previous 
non-binary number, the most signi?cant digit of the neW 
non-binary number is truncated. Then, this resulting 
sequence of digits is combined With the original sequence 
“2” of digitiZed outputs of the receiver Windings of the code 
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track read head occurring to the right of the start position. In 
particular, the resulting sequence is combined With the 
original sequence so that the resulting sequence is positioned 
to the right of the original sequence to determine the code 
Word input by the code track receiver Windings. The deter 
mined code Word “23412” indicates the coarse absolute 
position of the read head. That is, each code Word, Whether 
it appears once per coarse Wavelength, or multiple times per 
coarse Wavelength, uniquely identi?es a particular coarse 
Wavelength. 
[0071] Additionally, When each code Word appears once 
per coarse Wavelength, the position of the code track read 
head relative to the start position of the code Word also 
indicates Which ?ne Wavelength corresponds to the present 
position of the read head. That is, in this case, the relative 
position of the start position Within the sensed non-binary 
sequence indicates the absolute position of the read head to 
the scale to Within a ?ne Wavelength. Then, by reading the 
output of the ?ne Wavelength receiver Windings, the position 
Within the identi?ed ?ne Wavelength can be determined to a 
high resolution and a ?ne absolute position determined. 

[0072] If the code track read head Was aligned With any of 
the next three digit positions of the code scale Which are not 
aligned With the code Word, to generate the three non-binary 
sequences “411.23”, “11.234” and “1.2341”, the same code 
Word “23412” Would still be determined using this proce 
dure. The next position of the read head relative to the code 
scale, “0.23412”, needs no correction, since it is aligned 
With the start position. 

[0073] From this example, it is clear that each of the 3125 
unique code Words can be reconstructed from any position 
of the read head relative to the code scale, as long as at least 
?ve digits can be read and the start position determined. It 
should also be understood that this method applies to more 
or feWer than ?ve digits. Alternatively, the Word at the left 
end of the read head can be reconstructed by subtracting one 
from the previously-determined digit sequences. It should be 
appreciated that other algorithms can also be used. The most 
signi?cant digit could be at the right end of the Word and the 
least signi?cant digit at the left, as long as incrementing is 
replaced With decrementing and left shifting is replaced With 
right shifting. 

[0074] It should be appreciated that the non-binary code 
track of this invention can be arranged so that the code track 
synchroniZes With the phase of the coarse Wavelength scale 
only every P code Word lengths, Where P is an integer greater 
than one. In this case, each code Word is repeated identically 
P times as a code block Within each coarse Wavelength 
before the code Word is incremented, and repeated for the 
next P code Words of the code block for the subsequent 
coarse Wavelength. Accordingly, the digit positions to the 
left of the start position of the code Word only need to be 
incremented, or decremented, before being shifted to the 
appropriate end of the code Word, When the start position of 
the code Word is also the start position of the code block. 

[0075] It should also be appreciated that if there are tWo 
?ne Wavelength scales and transducers, the phase difference 
betWeen the transducers can be used to determine the 
position of the start position Within the sensed non-binary 
sequence, and can also be used to determine Which ?ne 
Wavelength of the identi?ed coarse Wavelength corresponds 
to the present position of the read head. When there are 
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multiple instances of a code Word Within a coarse Wave 
length, this information can be used to resolve any potential 
ambiguities in the absolute position. 

[0076] It should also be appreciated that the non-binary 
code track of this invention can include a second code track 
to double the number of code digits and square the maxi 
mum scale length in code digits. Adding a third code track 
Would cube the maximum scale length in code digits While 
still maintaining a compact read head. Thus, absolute trans 
ducers hundreds of kilometers in length With micrometer 
resolution are possible. 

[0077] FIG. 12 shoWs a second preferred embodiment of 
the arrangement of the code Word pattern of the absolute 
position transducer having a non-binary code-track-type 
scale of the invention, resulting in this case from the code 
track scale 238 shoWn in FIG. 4. Rather than a sequential 
non-binary code track scale, as shoWn in FIG. 11, FIG. 12 
shoWs a pseudo-random non-binary code track scale. The 
pseudo-random code track scale has a tWo-digit base-3 
non-binary code scale pattern. FIG. 13 shoWs a correspond 
ing lookup table for use With this pattern. A microprocessor 
(not shoWn) to Which the non-binary code track transducer 
230 is coupled determines the coarse absolute position by 
comparing the sampled non-binary code Word to a lookup 
table. The lookup table is preferably stored in non-volatile 
memory (not shoWn). The lookup table relates a given code 
Word to a given coarse absolute position xcode. The digit 
pattern shoWn in FIG. 12 is encoded along the code track to 
provide the series of “0”s, “1”s, and “2”s for each edge-to 
edge distance 179. The absolute measurement range for the 
tWo digit base-3 code scale pattern is equal to 9 times the 
edge-to-edge distance 179. For example, if the ?ne Wave 
length )L is equal to 2.56 mm, the absolute range for the 
non-binary code transducer 230 Would be 23.04 mm (9><2.56 

[0078] Referring to FIG. 12, if the read head 102 is 
positioned along the non-binary code scale 238 so that the 
balanced pairs 237 are positioned and aligned With the code 
Word “01,” the microprocessor interprets the non-binary 
value of this code Word as position 2 from the lookup table 
of FIG. 13. 

[0079] If the ?ne wavelength A is equal to 2.56 mm, then 
the coarse absolute position Would be approximately 5.12 
mm (2><2.56 If the read head 102 is moved tWo 
edge-to-edge distances 179 to the right from the position 
shoWn in FIGS. 4 and 12, the read head 102 is aligned With 
the non-binary code Word “02.” From the lookup table of 
FIG. 13, the microprocessor interprets the non-binary code 
Word “02” as position 4. Therefore, the neW coarse position 
Would be approximately 10.24 mm. It should be appreciated 
that, based on this detailed description, the lookup table and 
microprocessor can be con?gured to convert the non-binary 
code Word to an alternative representation, such as a binary 
or decimal number, and then associate the alternative rep 
resentation With a corresponding absolute position of the 
read head 102. 

[0080] For applications requiring a longer absolute mea 
surement scale, such as a tape measure, a six-digit code 
Word, base-5 code could be implemented. With an edge-to 
edge distance 179 equal to 2.56 mm, the absolute range of 
a six digit base-5 scale pattern is equal to 56><2.56 mm=40.0 
m Without repeated codes. In fact, the absolute range of the 
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scale could be increased to 1 km by implementing an 
eight-digit code Word, base-5 code. 

[0081] It should also be appreciated that the digit pattern 
can be made circular by joining the tWo ends of the non 
binary code scale. This is one Way to form a non-binary code 
scale for a rotary or cylindrical encoder (not shoWn). If 
constructed in this manner, no duplicate code Words Will be 
read during one complete sampling of the non-binary code 
scale. It should be appreciated that, When the ends of the 
non-binary code scale are connected to form the rotary or 
cylindrical encoder, the leading “0” and the trailing “0” 
shoWn in FIG. 12 Will overlap, forming a single set of tWo 
consecutive “0”s. 

[0082] FIG. 14 shoWs an alternative con?guration of 
absolute position transducer 2200 having a non-binary code 
track-type scale. The absolute position transducer 2200 
shoWn in FIG. 14 employs a reduced-offset-type ?ne Wave 
length transducer combined With a ?ux-modulator-type code 
track transducer. The structure and operation of the reduced 
offset transducer is described in greater detail in Us. patent 
application Ser. No. 08/834,432, ?led Apr. 16, 1997, Which 
is herein incorporated by reference in its entirety. The 
absolute position transducer 2200 also includes a read head 
2220, and the code track transducer includes tWo code track 
sensor arrays 2230 and 2240. 

[0083] As shoWn in FIG. 14, the reduced-offset scale 2210 
includes a ?rst closed-loop coupling loop 2212 interleaved 
With a second closed-loop coupling loop 2216. Each of the 
coupling loops 2212 and 2216 is electrically isolated from 
the other of the coupling loops 2212 and 2216. 

[0084] The ?rst coupling loop 2212 and second coupling 
loop 2216 each include a ?rst loop portion 2213 and 2217, 
respectively. Each of the ?rst loop portions 2213 and 2217 
also includes ?ux modulators 2170 for generating the pattern 
of non-binary code Words of the code track. As discussed 
above, the code Word pattern can be arranged sequentially or 
in a pseudo-random pattern. The ?ux modulators 2170 
shoWn in FIG. 14 are illustrated schematically; hoWever, the 
?ux modulators 2170 are structurally and functionally the 
same as those shoWn in FIG. 1. 

[0085] It should be appreciated that the embodiments of 
the arrangement of the non-binary code track of this inven 
tion described above can equally be used in this reduced 
offset absolute position transducer. Further, the process for 
determining the absolution position of the read head, 
described above With respect to FIG. 10, is equally appli 
cable to this reduced offset absolute position transducer. 

[0086] While this invention has been described above in 
relation to an inductive transducer, this invention is readily 
applicable to optical, magnetic, or capacitive transducers in 
both linear and rotary metrology. Any type of sensor can be 
substituted for the receiver Windings, as long as the ?ux 
modulators are replaced by corresponding sensible ele 
ments. For example, Hall effect sensors, superconducting 
quantum interference devices (SQUIDs), magneto resistive 
(MR) sensors, giant magneto resistive (GMR) sensors, 
colossal magneto resistive (CMR) sensors, magnetic tunnel 
junctions, critical currents of a tunnel junction and the like 
are magnetic sensors that can be substituted for the receiver 
Windings. 
[0087] While the preferred embodiments of this invention 
are generally described as using the inductive transducer of 
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this invention, the transducers can be implemented using 
any known transducer con?guration, such as an optical 
encoder. With an optical encoder, the ?ux modulators Will 
instead be re?ectors having a re?ectance different than that 
of the spaces betWeen the re?ectors. 

[0088] This invention is described generally herein With 
respect to a transducer. HoWever it should be appreciated 
that based on this detailed description, this transducer can be 
readily adapted to operate as a planar rotary encoder, as set 
forth in the incorporated 469 application and the 274 patent, 
or as a cylindrical-rotary or other type of transducer. Addi 
tionally, to improve accuracy, or reduce demands on analog 
signal processing circuits for the receiver output signal, 
more than tWo sets of overlapping receiver Windings can be 
used in each transducer. These and other alternatives and 
details regarding the design and operation of the transducers 
disclosed herein are similar to those disclosed in the above 
identi?ed incorporated references. 

[0089] In each of the above-described embodiments of the 
invention, the transmitter Winding and the receiver Windings 
of the ?ne Wavelength transducers are preferably manufac 
tured on tWo layers of a single printed circuit board. 

[0090] While this invention has been described in con 
junction With the speci?c embodiments outlined above, it is 
evident that many alternatives, modi?cations and variations 
Will be apparent to those skilled in the art. Accordingly, the 
preferred embodiments of the invention, as set forth above, 
are intended to be illustrative, not limiting. Various changes 
may be made Without departing from the spirit and scope of 
the invention. 

What is claimed is: 
1. An absolute position transducer, comprising: 

a scale member; 

a read head member, the read head member and the scale 
member movable relative to each other along a mea 
suring axis; 

a code track position transducer comprising: 

at least one set of code track sensors formed on the read 
head member, each set of code track sensors includ 
ing N sensors, Where N is a positive integer greater 
than 1, and 

a code track formed on the scale member, the code 
track having a plurality of Zones distributed along the 
measuring axis, at least one sensible element formed 
in at least some of the plurality of Zones; and 

a signal generating and processing circuit electrically 
connected to each set of code track sensors; 

Wherein: 

the sensible elements modulate an output of the N 
sensors of each set of code track sensors based on a 
relative position betWeen the read head member and 
the scale member, 

the sensible elements are distributed on the scale mem 
ber such that each Zone is capable of producing one 
of a set of M output states in an overlying sensor 
Where M is greater than 2, the Zones forming a series 
of code elements extending along the measuring 
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axis, each consecutive set of n code elements form 
ing a non-binary code Word, and 

each non-binary code Word de?nes an absolute position 
of the read head member relative to the scale mem 
ber to a ?rst resolution. 

2. The absolute position transducer of claim 1, Wherein 
the at least one set of sensors are at least one set of receiver 

Windings, and the sensible elements are ?ux modulators. 
3. The absolute position transducer of claim 2, Wherein 

the code track position transducer includes a code track 
transmitter Winding formed on the read head member. 

4. The absolute position transducer of claim 3, Wherein: 

the code track transmitter Winding and each receiver 
Winding form an inductive coupling; and 

the ?ux modulators modulate the inductive coupling 
betWeen each receiver Winding and the code track 
transmitter Winding. 

5. The absolute position transducer of claim 2, Wherein: 

the plurality of ?ux modulators of the code track includes 
one of a plurality of ?ux disrupters, a plurality of ?ux 
enhancers, and a plurality of ?ux disrupters and ?ux 
enhancers. 

6. The absolute position transducer of claim 1, Wherein: 

the at least one set of code track sensors comprises a ?rst 
set of code track sensors and a second set of code track 

sensors; and 

the second set of code track sensors is spatially offset from 
the ?rst set of code track sensors along the measuring 
axis. 

7. The absolute position transducer of claim 1, Wherein 
the absolute position transducer is included in one of a 
caliper, a linear scale, a micrometer, a rotary encoder, a tape 
measure and a height gage. 

8. The absolute position transducer of claim 1, further 
comprising at least one ?ne track transducer, each ?ne track 
transducer producing cyclic signals at a distinct spatial 
frequency and comprising: 

at least one ?ne track sensor formed on the read head 

member; and 

a ?ne track scale portion formed on the scale member, the 
scale portion including a plurality of sensible elements 
spatially distributed on the scale member along the 
measuring axis at the distinct spatial frequency such 
that an output of the at least one ?ne track sensor is 
based on a relative position betWeen the read head 
member and the scale member; 

Wherein the at least one ?ne track transducer de?nes a ?ne 
absolute position of the read head member relative to 
the scale member to a second resolution ?ner than the 
?rst resolution de?ned by the code track position 
transducer. 

9. The absolute position transducer of claim 8, Wherein a 
phase difference betWeen the code track transducer and one 
of the at least one ?ne track transducers generates a coarse 
Wavelength. 

10. The absolute position transducer of claim 9, Wherein 
each coarse Wavelength extends over a number P of the code 
Words, Where P is an integer number at least equal to 1. 
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11. The absolute position transducer of claim 8, wherein 
the at least one ?ne track transducer includes tWo ?ne track 

transducers, and 

a phase difference betWeen the tWo ?ne track transducers 
generates a coarse Wavelength. 

12. The absolute position transducer of claim 11, Wherein 
each coarse Wavelength eXtends over a number P of the code 
Words, Where P is an integer number at least equal to 1. 

13. The absolute position transducer of claim 8, Wherein 
each of the at least one ?ne track sensors comprises a ?ne 
track receiver Winding, and the sensible elements are ?uX 
modulators. 

14. The absolute position transducer of claim 13, Wherein 
each ?ne track transducer includes a ?ne track transmitter 
Winding formed on the read head member. 

15. The absolute position transducer of claim 14, Wherein: 

each ?ne track transmitter Winding and each receiver 
Winding, respectively, form an inductive coupling; and 

the plurality of ?uX modulators of the ?ne track trans 
ducers includes one of a plurality of ?uX disrupters, a 
plurality of ?uX enhancers, and a plurality of ?uX 
disrupters and ?uX enhancers. 

16. The absolute position transducer of claim 13, Wherein 
the plurality of ?uX modulators of the ?ne track scale portion 
includes one of a plurality of ?uX disrupters, a plurality of 
?uX enhancers, and a plurality of ?uX disrupters and ?uX 
enhancers. 

17. The absolute position transducer of claim 8, Wherein: 

each at least one ?ne track sensor comprises a ?rst ?ne 
track receiver Winding and a second ?ne track receiver 
Winding; and 

the ?rst ?ne track receiver Winding is spatially offset from 
the second ?ne track receiver Winding along the mea 
suring aXis. 

18. The absolute position transducer of claim 17, Wherein 
the ?rst ?ne track receiver Winding is spatially offset from 
the second ?ne track receiver Winding by one-quarter of a 
Wavelength of the at least one ?ne track receiver Winding. 

19. The absolute position transducer of claim 14, Wherein 
a single transmitter Winding forms both the at least one ?ne 
track transmitter Winding and a code track transmitter Wind 
ing. 

20. The absolute position transducer of claim 1, Wherein 
each consecutive set of n code elements forms a sequential 
non-binary code Word. 

21. The absolute position transducer of claim 1, Wherein 
each consecutive set of n code elements forms a pseudo 
random non-binary code Word. 

22. The absolute position transducer of claim 1, Wherein 
the at least one set of code track sensors includes J*n+1 
sensors overlying a set of n code elements, Where J is the 
number of sensors per code element. 

23. A method for determining an absolute position of a 
?rst member relative to a second member in an absolute 
position transducer, comprising: 

inputting a set of j adjacent code element measurements, 
each code element measurement responsive to at least 
one of a plurality of code elements positioned on one of 
the ?rst and second members and extending along a 
measurement axis; 
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converting each of the j code element measurements into 
an output value; 

determining a relative position of the j output values to a 
starting point of a j-digit absolute position non-binary 
code Word; 

determining the j-digit absolute position non-binary code 
Word based on the determined relative position of the j 
output values to the starting point; and 

determining a ?rst-resolution absolute position measure 
ment based on the j-digit non-binary code Word. 

24. The method of claim 23, further comprising: 

taking an incremental position measurement betWeen the 
?rst and second members at a second resolution; and 

determining a second-resolution absolute position mea 
surement betWeen the ?rst and second members from 
the ?rst-resolution absolute position measurement and 
the second-resolution incremental position measure 
ment; 

Wherein the ?rst resolution is coarser than the second 
resolution. 

25. The method of claim 24, Wherein taking the second 
resolution incremental position measurement comprises: 

determining a phase (PF of the second-resolution incre 
mental position measurement, and 

determining the second-resolution incremental position 
measurement from the phase (PF and an incremental 
scale Wavelength )tF. 

26. The method of claim 23, Wherein determining the 
relative position of the j output values to the starting point 
of the j-digit absolute position non-binary code Word com 
prises: 

determining a phase difference betWeen tWo ?ne track 
transducers, the phase difference corresponding to a 
relative position of the ?rst and second members Within 
a coarse Wavelength of the absolute position trans 
ducer; and 

determining the relative position of the j output values to 
the starting point of the absolute position non-binary 
code Word based on the determined phase difference 
and a predetermined relationship betWeen a relative 
position of the starting point and a predetermined 
position Within the coarse Wavelength. 

27. The method of claim 23, Wherein determining the 
relative position of the output values to the starting point of 
the absolute position non-binary code Word comprises: 

determining a phase difference betWeen a ?ne track 
transducer and a code track transducer, the phase 
difference corresponding to a relative position of the 
?rst and second members Within a coarse Wavelength 
of the absolute position transducer; and 

determining the relative position of the j output values to 
the starting point of the absolute position non-binary 
code Word based on the determined phase difference 
and a predetermined relationship betWeen a relative 
position of the starting point and a predetermined 
position Within the coarse Wavelength. 

* * * * * 


