-1- DESCRI PTI ON POSI TI ON DETECTOR AND PCsI TI ON DETECTI ON METHOD Fi el d
of the Invention 5[0001] The present invention relates to a position
detector for detecting positions of a noving object such as a
traveling vehicle, a transfer apparatus, a head of a working nmachine
or a workpiece. Further, the present invention relates to a position
detection nethod. 10 Background Art [0002] The appl i cant

devel oped a sensor for neasuring positions of a noving object such as
a traveling vehicle, a transportation apparatus, a transfer
apparatus, a head of a 15 working machiqe or a workpiece (e.qg.,

Pat ent Publication I: JP2009- 2660A) prdduisigosi ti on detector uses a
conbi nati on of magnetizable nmaterial. _and non-magneti zable material or

a magnet or the |ike adOH HPRTECARYATRRSTTIN] PETEY HOYNEROD et er mi ne

positions based on the mark. That is, phases of signals outputted
fromcoil arrays are different depending on the relative position to
the mark, and the 87 PFEMERER are used to determne 20the position
based on the markjehurther, in the case where a plurality of marks
are present, an offset is stored for each of the marks, and the

of fset is added to thH°FEE Fregii® BaSs Peot Fee ket MEPEei ne an
absolupe positi0npm@@@@@hmﬁbﬁhmmﬁgﬂﬁa%am&%@mm@m&aﬁﬁhmh@ﬁﬁga range of
measuring t he pos Im%étﬁgenorfla v%uzilpgeggmm, 1h!=. prcseem invention relates (0 4 position detection
methad.
10
Background Ast
[0002)
The zpplicant developed a sensor for measuring positions of a moving object such
a3 a traveling vehicle, a transportation apparatus, a transfor apparatus, = head ofa
15 working mechine or a workpiece {e.g., Patent Publication 1; JP2009-2660A). This
position defector uses a combination of magnetizable material and non-magnetizable
materizl or a magnet or the like as 2 mark, and uses coil arrays to determine positions
based on the mark. That is, phases of signals ontputted from coil asrays are different
depending on the relative position ta the mark, and the difference are used to determine
20 the position based on the mark, Further, in the case where a plurafity of marks are
present, an offset i5 stored for each of the marks, and the offset is added to the position
based on the mark to determine an absolute position.
[0003]
Next, for example, & case where a renge of measuring the position is largs will be
25 congidered. Tt is assumed that 8 movement stroke of 2 moving object, or the entire length
of a travel route is large. In order to continuously detect the position in the case where

the measurement range is large, it is effective to provide a pair of position detectors at



25considered. It is assunmed that a novenent stroke of a noving
object, or the entire length of a travel route is large. In order to
continuously detect the position in the case where the neasurenent
range is large, it is effective to provide a pair of position
detectors at |east on left and right sides of the noving object,
provi de the marks on left and right sides of the noving route of the
nmovi ng obj ect, and detect the marks using any of the position
detectors all the time (Patent Publication 2: JP2008-140144A).
However, the inventor found that, at the tinme of switching between a
pair of left and right fosition detectérs, the 5indicator val ue
i ndi cating the pro%pipiond gt sidpsef firdvingobishj reevide bhvamig eslefiisd drbrsidenuousl y.
| f the position . ghahg i I i se i |l .be
inputted to a sg%Vo s§§?§ﬁ§§%§%%?3@&ﬁ%§3%&§% tkgg#ﬁﬁﬁgﬁ%g%m@%lue from
t he position detigetoopbihelinsdtiteat?ittmeailsiPyo0s-Bamar Yowaterthdvinyent | on
10[ 0004] I res Jdpvention, .a urality of sensor units
are provi ded fofﬁgﬁﬂgfﬁﬁ%ﬁg%&w%g?%gPFﬁémﬁgg?‘Féﬁ%?”%%ﬁd%ﬁmﬁﬁrect of
the present § nvédiit@nakichdkoinghapoaidh ofthcs@ otk tugesebargassOfir out put s
of the position]jn a sggnent where two or pore sensor units each
outputting posi t1°8HE PRSP ELURAL Y PBEET ™Il be inputtedios SFRYRIR | nvent i on
relates to a pospeatedtesdd @k BEhMRAtoNANG g 1R pRhiuk RlebidryaisfvaB@RSGT UNits
each configured to determ ne positions. The position detector
selectively uses the sensor units for outputting positions of a
nmovi ng obj ect, TFhgnRQ$int hkicdet ector includes a snoothing unit for
generating positional outputs 20by conbining outputs froma plurality
of the senstd uffi®%¥ in a segnent where the plurality of sensor units
out put positions to f.Qr. i . Lt | Qutputs to
change continuouslygﬁ%gﬁ%guggg?€i#%%gﬁggﬁﬁ%ggg§H%mgggﬁgﬁme%bOG]
detecting positions, and an object of the present invention is to prevent discontinuous

changes of outputs of the position in a segment where two or more sensor units each
outpuiting positions are present.
15 [0005]

The present invention relates to a position detector having a plurality of sensor
units each configured to determine positions. The position detector selectively uses the
sensor units for outpulting positions of 1 moving object,

The position detector includes & smoothing unit for generating positional outputs

20 by combining outputs from a plurality of the sensor units in a segment where the plurality
of sensor units output positions together, for allowing the positional outputs to change
continuously from a start to an end of the segment.

[ag06]

Further, the present invention relates to & position detection method using a

25 position detector having a plurality of sensor units each configured to determine
positions. The position detector selectively uses the sensor units for outputting positions

of a moving object. The method includes the step of generating positional outputs using



Further, the present invention relates to a position detection method
using a 25position detector having a plurality of sensor units each
configured to determ ne positions. The position detector selectively
uses the sensor units for outputting positions of a noving object The
met hod i ncludes the step of generating positional outputs using a
snoothing unit of the position detector by conbining outputs froma
plurality of the sensor units in a segnment where the plurality of
sensor units output positions together, for allow ng the positional
outputs to change continuously froma start to an end of the segnent.
In this specification, description regarding the position detector is
directly 5 applicable to the position detection nethod, and

conversel y, descssnﬁstmmmi&%mk.agde&mb,pcm W IBL G LR E@ehod s
directly applicable to description regarding tﬁe p05|t|oﬁ etector.

[ 0007] In this nismeepis ipgsegniqe whirqtee phyfalitg wi stt@hnmtgozttmewstenswhmmrt s, in
a segnent where ur al |t f. sensor

obt ai ned, the oufa;!ﬂ;(%ﬁika tpe%ﬁ Lgigt%?m\fg fed "@”@ﬁ% %‘stf’?”i"‘& °tfg5es not
change dlscontlnw@mﬁdyummﬁeﬁemmrewmmmnegﬁm@ﬁkmﬁmbwwdﬁmmuﬁm@ppl|ed to
t he servo system or e, like n signal fromthe position

det ect or. Thé po?PFF% %@F@%T Wﬂﬁmg POTREEY: frriprargisiasdy obj ect
to detect marks @ardnR@ecHinondmel is ddbdispPRtilMEdcNerip B bosiin gwp&?ﬁonprow ded
on the nmoving object, and the position detector on 15the ground may
detect the marks BFmthe novi ng object to determ ne the position of
the noving obj ecfygy7] 0008] Preferably, in the segnent, an
outputs D of the position detector is determ ned based on an equation
of D =DL-(DL-DR) X/ Lip thisyjagsereat the tircperfityéitehing fhe sintor witesin b segrealt whre 200Ut put s
froma firstyse ns S denot es
posi tions bégedq% &8ﬁﬁkdmaﬁyﬁgﬁﬁgh§%%5ﬂ£Im?&%%%’ dFQWVﬁFHQPEiuraIity
of sensor units, potliundwme:@gbengmuumfy Thefosegreativd bikda i uplikdty

direction of the nqylng l enl }genoges a relative position of the
movi ng obj ect i n TR SEGHRAE e i S FeR fom e posiet Bieww Ve pHion  r st
sensor unit is vileidmapachodited inkHle nBRngbbiSd BRAMEHE o0Bd doubdle second
sensor unit is Y§|Id In this

ternatively, marks may be provided an the moving object, and the position detector on
15 the ground may detect the marks of the moving object to determine the position of the
moving cbject,
[0008]
Preferzbly, in the segment, an outputs D of the position detector is determined
based on an equation of D = DL~(DL-DR) x X/L1, where DL denotes positions based on
20 outputs from a first sensor unit of the plurality of sensor units, DR denotes positions
based on oulputs from a second sensor vnit of the plurality of sensor units, L1 denoteg
length of the segment in a moving direction of the moving object, X denotes a relative
position of the moving object in the segment, X = 0 on a side where only the first sensor
unit is valid, and X =11 on a side where only the second sensor unit is valid. In this
25 manger, the position of the moving object can be determined by simple interpolation
computation. Further, the difference between outputs of the sensor units are dispersed

over the entire length of the segment. It should be noted that any one of] ¢.g., a pair of



25 manner, the position of the noving object can be determ ned by
sinmple interpolation conputation. Further, the difference between

out puts of the sensor units are dispersed over the entire | ength of
the segnment It should be noted that any one of e.g., a pair of -4-

t he sensor units may be referred to as L or R In the above equati on,
the suffixes L and R may not correspond to |eft and right sides
physically. L may be the sensor unit on the right side, and R may be
the sensor unit on the left side. However, in this approach, at the
position where X = 1 and the position where X = Li, though the
position is 5continuous, it does not change snoothly. For the purpose
of snmoothing of the position, for exanpte, assuming that y = XJL1
-0.5 and DL - Drthesen@®r umls fiuyrbe tefeae tofs LO(Ry )imthdabvd eqpation he fuifixesl aydy , D =DL
+ Cor the like may be used. .This is a si id function . used in
neural network wh )r{%pc'rr\mlp%"ggﬂe&ows’%?‘”’l’“\fleesﬁ}ﬁ?’ﬁ%aggg‘ %ﬁyé‘?t,esf"ﬁmﬁm?"ﬁ Ge of 5 to
100. If y = -0. Sighttsihd, sd Rung bel t@Renkiasnilan MaktifieORov@RQ i thispprbdh, = 0, this
function has a value of 1/2. fly = 0.5, this 10 function has a val ue
of about 1. I—bmé@@?‘"f“"%f"’??ff ma’rf‘“‘é%‘b‘i?ﬂ‘@ﬁf*f“é‘?x?%ﬁ‘?‘i%ﬁ“?Oé‘“‘?“é"qui red for

conput ation,sit chimRed it ROSSI Binge shbbriBl IFbaR el et GosR@Si 1 0N at
hi gh speed. Errors are conpressed in an area where y is about 9.5.

Therefore, the BRraEAeaptitadt t vXhed tsed BR nBR = Serfingios o miflec ones
llarge. [0009] 150t yﬁ}f}?iﬁiaélcﬁhe_@@ﬁ%bgﬁseé s Ph H%(nﬁglﬁ;nyﬁogtﬁsedszgnsor
units is a coil array. The position detector 1ncludes a comon power
supply for dri viesge! eetypiuvhak b &5y pattivegoiter, payisa rnage dettel®0.iloyr-osnidui t f or
converting the qutputs H(gr@%h . GRLL, arga into.ou f. the
; ; ) . JEy=10, h ! S JEy =0,
detection circui l#l ang‘i‘é&“s\(/}vla Cl ?d’r_ SR ?"vaeslaﬁa‘fer?pﬁ%]t |yn8°50%‘f put s
fromthe pl i al ifingiog fias € Gilde ofabavaly Sot@erliee & bodaihaoii B rgiifCi t as a
common detecti on ciurcui_t_ shar %fitbe,t ¥1\an t.he 20p] urgl ity of coil
arrays. The swi tEHTESW PERET I HT*he eé“@’@i?f"é‘?‘?t"“ﬂ“_(?“% EREE FRE¥But put s
front the pl uralcbriptessdd in€Dirds wBdrd 1AY o b 5. CThErES hiké bicilth Bhplidd @ RULeRM S Of
the common detection circuit. In this manner, not only the detection
circuit can be SHHEHREE™%I%S the difference in the indicator val ue
of the positiong to variation of the detection circuit can be
elimnated. The difference in the indicator value of the position is
due to the thke of 2B3refofelirabintoncheftheetuiatimofstnsee uiits is 2 fofl arseeldTHe paitiont o
instal lation pregisian.of, JREK SN, VAL 18k -Q 8{1 qz%cp sensor unit.
For'd I
Therefore, by using tﬁ"e Scaom'ﬂ)n%‘a"et ection C|Brr5]ﬁ| t’,’mtﬁe‘}uT >f'f er ence
resul ting from thetiusecudfor detesiog hampas foauhdcs] wayinbaretsbibenat ed from
the begi nni ng. d:_:t?cfion circuit, and a switch for selectively inputting outputs from the plurality of coil
arrays to use the detection circuit as a common deteclion circuit shared betweesn the
20 plurality of coil atreys. The switch is switched in the sagment to convert the autputs
from the plurality of coil arrays alternately into the outputs of the common detection
circuit. Inthis manner, not only the detection circuit can be shared but also the differencs
in the indicator value of the position due to variztion of the detection circuit can be
eliminated. The difference in the indicator value of the position is due to the use of
25 different detection circuits in addition to installetion precision of marks and varistion of
each sensor unit. Therefore, by using the common detection circuit, the difference

resulting from the use of detection circuits can be eliminated from the beginning,



[ 0010] Particularly preferably, in the segnent, a prediction
conputation unit is provided for perform ng extrapolation of tine
series data of positions based on an output fromeach coil array to
positions at current tine to determ ne a tenporal current position of
each 5 coil array. In the snoothing unit, respective outputs of the
tenporal current positions of the coil arrays are conbined to
generate the position of the noving object. By sharing the detection
circuit, since the sensor units are used alternately, in each of the
i ndi vi dual sensor units, the cycle of obtaining the outputs fromthe
sensor unit is doubled. In the nmeanwhid-e, in o-der to determne the
position, it igesd@cessary to obtain the indicator 1lOvalues fromthe
plurality of sensor units at the same tine. Therefore, by

extrapol ati on of t Retiqlseh b, vt aa@seﬂtfari@ﬁipfioh@ﬁm@ﬁiswit‘umiot'iéedt o)
determne te in

obj ect can bgp g(fart% %ﬁo%&%gﬁ@%laﬁ&%ﬁ%&e? %ngedﬂ{\?mht?ﬁgg%t%b séqlocrr{gaﬂ A Je%%lf'éa " bygt he
i nfluence resulcollafrgr'tﬁ pegifions i uriem gmorp dtdvgnededrpotl cgnrnt positicurif tach 15Br i ef

Description. of . Fl G Fl G is a.dia ram
showi ng rragsnet i amr K, “”F*Ir’g%l“[garl’a%'i3 Jm’“ éﬁ"k%‘%‘&‘?‘fr ‘i“?’t?tﬁoi’“‘m

snoot hi ng uni t tamnﬁ@sngcohanaﬁb geﬂtmdieaaﬂbnufa%ﬁngomeza By sharing FI G 2 1is
a bl ock di agram ShOWI né;C the coil array according to the enbodi nent.

[FIG 3] edggctiog cireyt, &”%I*ﬁé?‘“ﬂ‘f”éﬁf“éﬁﬁéiﬁ?}ﬁﬁ‘h@‘ei“héf‘}éfé‘td@@fail on
circuit and theersRmat, bk Bieie bdbhinAGE Gt mlR st uf BRAMBN,. 25[FI G

4] FIG 4 includes graphs show ng snoothing at the tinme of
swi t chi ng the EBihileip giges todpieimingie RREtionHtis \ppeestty wabitin thopdicerar ray. [ FI G
5] 10 values from the plurelity of sensor units at the same time. Therefore, by extrapolation of

the indicator values from the sensor units 1o determine temparal current positions, the
position of the moving object can be determined all the time without being affected by

the influence resulting from sharing of the detection circuis,

15 Brief Description of the Drawings
[6011]
[FiG. 1)
FIG. 1 is a diagram showing magnetic marks, coil arrays, a detection circuit, and
a smoothing unit according to an embodiment.
20 fFIG. 2]
FIG. 2 is a block diagram showing the coil array according to the embodiment.
FFIG. 31
FIG. 3 is a block diagram showing the detection circuit and the smoothing unit
according to the embaodiment.
25 [FIG. 4]
FIG. 4 includes graphs showing smoothing st the time of switching the coil arrays

and the weight w of each coil array.



FIG 5 includes graphs show ng prediction of the current position
based on signals fromcoil arrays and snoothing. [FIG 6] 5FIG 6 is
a flow chart showi ng an algorithmof snoothing. [FIG 7] FIG 7
is a block diagram showi ng detection circuits and a snoot hing unit
according to a nodified enbodi nent. [0012] 1O0Hereinafter, an

enbodi ment in the nost preferred formfor carrying out the present
invention wll be described. The scope of the invention shall be
determ ned according to understanding of a person skilled in the art
based on the description of the clains in consideration of the
description of the specification and ®echni ques known in this

techni cal fiel 136 Most preferred enbodi nent [0013] FIGS. Ito
7 show the enbodinment. In the draw n% reference nunerals m, n?

denote magnetic mafiRs® owFiEaRE arism 1°@F‘t°f‘%efmﬁ‘ipgﬁl°“'§iﬁ=é@sﬂgﬁﬁfls a travel

rail for nmovi ngoRQARSChSsrlotRby, Shown), e.g., overhead traveling
vehicles in the enbodi nent. For exanpl e, the mark is a conbi nati on of

magnet i zabl e n#i@P) al and non-rmagneti zable material, or a permanent

Tagnet or e |1 Kerofubam bR} SSluorkehl ached to a noving

obj ect (not shown e up of a palr t and right coil
arrays L, R (| &f& 'fhnd ri ght sensor units), a comon alternating

current power supp u for driving the coil arrays L, R 25a
conmon det ecti on c%l)récﬁl bqoék diagrn SIOVER ST A R spothing et

according to a modified cmbadzment.
[0012]

10 Hereinafter, an embodiment in the most preferred form for carrying out the
present invention will be described. The scope of the invention shall be determined
aecording to understanding of » person skilled in the art based on the description of the
cleims in consideration of the description of the specification and techniques known in
this technical ficld.

15
Most preferred embodiment
f0013]

FIGS. 1 to 7 show the embodiment. s the drawings, referonce mimerals m1, m2
denote magnetic marks provided along left and right sides of a travel rail for moving

20 objects (not shawn), e.g., overhead traveling vehicles in the embodiment. For example,
the mark is a combination of magnetizable material and non-magnetizable material, or a
permanent magnet or the like. A position: detectar 2 is attached to a moving object (not
shown), and made up of a pair of left and right coil ammays L, R {left and right sensor
units), a common alternating current power supply circuit for driving the coil arrays L, R,

25 2 common detection circuit 6, and a smoothing unit 8.

[0014]

The coil arrays L, R have the same structure. A Jayout of coils of the coil arrays



[0014] The coil arrays L, R have the same structure. A |ayout of
coils of the coil arrays L, Ris shown in FIG 2. For exanple, four
coils Cl-1to 0-4 are arranged in one set, and |likew se, coils C-1
to C2-4 are arranged in one set, and coils C3-1 to C3-4 are arranged
in one set. The other coils are arranged in the same manner. Two
outputs are collected fromfour coils of each set as outputs PI, P2
of the coil arrays. Further, the 5coils Cl-1 to 0-4 are arranged in
series in the order of Cl1-1, Cl-2, Cl-3, 0-4, C2-1, C2-2,etc. [0015]
FIG 3 shows structure of a detection circuit 6 or the like. An
alternating current power supply circuit 4 includes a tinmer 12 having
a clock circuit, a table 13 for readi n“g“ a 10 signal corresponding to
sinen fromthe t{Petstorp inFighy Far erymple, Surrols fét o £ progragedifontsii ng D/ A
conver sion of t he@beiidess c0fl 1ddi8 ob 28 ide LOan@bbhiddh risSh@gnal a x
sinan corresponding to the alternating current waveformvoltage. In
the detection ci FEIE™ B ot Theioie cWpEs @angd & tysems prratri Trig osmsts rent  si gnal
sinun becones 0 tcecledNEudddlis.of idh sd RloSpuls PITPNGihe dolBrafs OMALLHe 22 aS
described later is reset. In the detection circuit 6, when sin(an +

a) becones 0,° t h&'HYEUCTSE AT 8 ol e OHE OfGIG 21D3efid: §2dt ched, and
the tine ti is outputdced. a denotes a phase relative to the mark, and
denotes di spl acenent based on the nmark. The val ue obtai ned by addi ng
an offset to a i ¥%h indicator val ue of positions of each sensor

unit. [0016] As showig,iskhold simcuu of a@etddibh Circ€if 6 oBthIRAIAS aifhatind 2R €
obtained fromthe coil arrays L, 20lt Since there are two sets of the
coi | arrays, twoPRECEPHICt GHuiew ippste havipapdipck capif, piabledd Ry readinga oyt put t ed
to the det ectoi Onsigehl Erepdndifto dndt Hokt@he Bi@dr €CAnk OIVA CdnteRddild forBerfoldd@ Si gnal s
(Pit, P2L) and (EéR P2R) are sw tched alternatelg( b%/} a swtch 16 for
processi ng. Ref ePBNEE e RSk g1y gighe ohle L3 oyt asiemal g 3 it Srosggpie at i onal
anplifiers. The oppes@biiguanphickinBbitaded A HBIRS ciduiS] t@nakhea@er espondi ng
to b x cosct x Si;ﬁ'ceé, and t hle_ 0 erat%),onal aZ‘PI ifier 19 25 obtains a
si gnal correspondi iy &8 E TRISPHEE YLD IR At B 4R ERPeER 200
advances t he pha&erigd lneicaf nthhete@paial: b, 00akin@N M) tefdnain, Rty 90 to
out put a si g1rgal ount. For this purpose,

S R L B P |
for exanple, the® S gral & dzgﬁ”aﬁtf@ " aB{/‘p"ﬁ'l"?“ BPUREE @ SRS AR at i ve to
relative to the mark, and denotes displacement based on the mark, The value ohtained by
adding an offset 1o a is an indicator value of positions of cach sensor wnit,
[0016]
As shown in FIG. 2, a pair of signels P1, P2 are obtained from the coil arrays L,
20 R. Since there are two sets of the coil arrays, two sets of signals (P1L, P2L), (PIR, PIR)
are outputted to the detection circuit 6. In the detection cireuit 6, the signals (P11, P2L)
and (P1R, P2R) are switched slternately by a switch 16 for processing. Reference
numerals 18, 19 denote a pair of operational amplifiers, The operation amplifier 18
obtains a signal corresponding to b x cose x sinwt, and the operationel amplifier 19
25 obtains a signal corresponding to b x sina x sinmi, A phase shifer 20 advances the phase
of ot of the operational amplifier 19 by 90° to output a signal corresponding 1o b » sina x

cosat. For this purpose, for example, the sigaal is delayed by =2 of w1, and negative to



positive conversion or positive to negative conversion is perforned.
An adder 21 adds the signal of b x cosa x shunt fromthe operational
anplifier 18 to the signal of b x sina costa fromthe phase shifter
20, and outputs a signal corresponding to b x sin (eat + a) using

addition theorem 5[0017] a denotes a position of the coil
array relative to the magnetic mark in the phase in a range of 0 to
2; i.e., ais a position based on the magnetic mark. Each tine sinot

beconmes 0, the counter 22 is reset by a signal fromthe tiner 12.
Then, the time until sin(an + a) becones 0 is counted. Conversely,
the tinme until Sot beconmes O after sirt(cat 10+ a) becane 0 may be
counted. Data of a is obtained fromthe counter 22. Since this data
is based on the magnetic, mark, an offset correction unit 30 perforns
of fset correcti of“0F “VHEBEPE " HAYELERAETLS SeHEmyh 4 24dprbddn

i ndi cator val ue Bk sigafl ofdeSbsh i QIS 6 the pRari NN BerPh 86 lipnal THE 55§k | €S Of
processing as described above is perfornmed for left and right

magneti ¢ narks me‘ﬁﬁn‘ﬁi‘%ﬁ?ﬁ%’é{?*?@°T¢%’Faf‘ﬁ’é‘°‘l‘r§fl’f’"‘iﬁﬁ‘§héf1?@‘ rk nil, an
i ndi cat or 15val usinpPidbii@mdortsl. M@ Series data of the detection tine
till. are obtained. For the right magnetic mark n2, an indicator
value DIR and ti¥"keries data of the detection time tiR are

obt ai ned. These two atmasaﬁainsoﬁiaﬂm%co‘a%aiy%‘eﬁmda;t@n@%fnaic%@rn%gp}ia@i@ memory
31. [0018] A prediction computation unit 32 perfornms prediction
conput ati on of th&8EHP ieRt--20rdeTeT Wi pitepasseidmah Rethdmediad array L
using the tine SREdmes, dabtef 520R:k N6 Rl fomBhe i@ 11 “I%Jﬂ,tﬁehi%e&gimry 31.

Li kewi se, the prediction conmputation unit 32 perforns prediction
conput ati on of tHé 'GPt °Fsented Servpick isdnedtichotbtremes Biffer st ay R
using the tie Se&b@smcddhotinm bmgorgQbétah@({éo%%he%ungLrﬂz.assn§§Qﬂe”t wher e
only the coil array L is valid, prediction conputation for only the
current positi onBESEe oahe pageeticeA: aflicergmeptiop wit plneffaypypliet 25

Likevi se, In 2 SGEERALMARK S QRls (s FBL nALER,cbRodb Rk LAE
predi ction conmputation for only the current position based on the

coi | array R is s el sppetresinms doiplibat isorfoimg! ferteilglast
performed in a SQ&MRMkiMRE!S, RIS, FPRe FPhen!, a%é’xﬂ,l'an% 1oL he coil
array Rare valid (overlapping area). In the enbodinent, weighted
aver agi ng i §°per#btPikend dge sstrpdiaif thegeteaton timpudvere obteinef| K thedighta soot hi ng
unit 8 averages RLREHLh BN, GARRYLAL DR DAk f yrremd val ues
regardi ng the co'?ﬂF3 array ™'and t he coil lariége?/d%c’&%%tagwlw{% a

wei ght, and out prrostipgd Thesd iwe 4o pf g betie diB agfstotedie2 paory@nt  posi tion. The
nmeani ng of X/ L1 g8

A prediction computation unit 32 performs prediction computation of the current
20 position Dil. based on the coil array L using the time series data from the coil array L in
the memory 31. Likewise, the prediction computation unit 32 performs prediction
computation of the current position DIl besed on the coil array R using the time series
data from the <oil array R. In a segmem whore only the coil array L is valid, prediction
computation for only the current position based on the ceil array L is performed.
25 Likewise, in a segment where oaly the coil aray R is valid, prediction computation for
only the current position besed on the coil array R is performed. Prediction computation

is at least performed in a segment where both of the coil ammay L end the coil array R are



5is shown in FIG 4. [0019] FIG 4 shows snoothing of indicator
values fromthe coil arrays L, It On the left side in FIG 4, only
the coil array L is valid. On the right side in FIG 4, only the coil
array Ris valid. A segnent where both of the coil array L and the
coil array R are valid 10is present between the left side and right
side of FIG 4. This segnent is a target of snoothing. The |ength of
the segnent is LI. In this segnent, snoothing is perfornmed as shown
by a double line in FIG 4. In this segnment, indicator values are
outputted fromthe coil arrays L, It at timngs of vertical lines in
FIG 4, Prediction conputation of these indicator values arc
performed by the prediction conputation unit to convert the indicator
15val ues into a pietfRRg&red) i fhe eberdimeptat cigved ivgingiepegtrnedaf  t he si gnal
of the coil arra&‘nu&hlﬁgsAgﬁgM%ﬁI[Gkngmo%&ﬁé\kutﬁ)gve@geép%gﬂﬁ:gkn Mf'a?i e X= 0, and
t he weight of the signal of the coil array I's 100% at tnhe end of a
segnent where X=vapgso %W"@kﬂh’ﬁﬁé&fd*@ﬁecaﬁwghﬁnd@hmﬂg@sw&mwhsy bet ween
these points. [0020] aapﬂp%m%déa@mm%bﬁﬁlcérxm%@@écfi@ REEgSkAg from
predi ction conputation to cal culation of the i1ndicator vaFue after
snmoot hi ng, ASgr aptoimin B 4upper portion of FIG 5 shows the indicator
value DL fromthgy,bheft coil array L. For exanple, the indicator value
DL is generated in a cycle of about 10Hz of the alternating current
power supply si gnal ,FIG i ke sseothing bigndicned ivivas fom the sdilamyORRf @omldthe ri ght
coil array It isg Okl i In the
area where both O@%’%ﬁ{g@%ﬁ%ﬁ%@} %alg%llggagds%gtrh%gg\?téﬁgg%s%n%éhetc%e det ection
circuit is sw t cirexR iatatie Aveament yheretbbiipofthe il avrap L ed ha boil @fay Blak @dii ng t he

i ndi cator vaghue the. Line.interval |nthe ot her
segnent . Fu?%herigﬁcsﬁg@%?’%g?%ﬁeg%a ugss“ﬁl%r?i SETEmE RISt © o0f coil s
L, R cannot be oir@hinsethe&betitdibe gpnve istLi.ntethis Earemefrontiane id pathineadsor val ues
at arbitrary poipts. ar LAl det er m.n shown in a
gr aph in a lomersﬂopw&p)[rangn#licgi%mﬁl 4. g:?ﬁus s?%mer¥ mdlcagclg‘éall,ui:slarc o\(ﬁ:]peuft‘sdﬁ% ned

i ndi cat or val uesth@spxearrave,rm@@igu@”wwgafmhemm gmedinﬁ®m@anmmahe& t he

i ndi cator value [Dxt) at gaht wis X. /L1 10021]

ues arc pcrfnrmc v tgwe pre-gmtton compufation unit to convert the indicato

15 values into a continuous indicator value. The weight of the signal of the coil array L is
100% at the start of & segment where X~ 0, and the weight of the signal of the coil armay
Ris 100% at the end of a segment where X=11. For cxample, the weight changes
linearly betwoen these points.

[0020]

20 FIG. 5 schematically shows processing from prediction computation to
calculation of the indicator value nfter smoothing. A graph in an upper portion of FIG. 5
shows the indicator value DL from the lef} coif array L. For example, the indicator value
DL is generated in a cycle of about 10Hz of the alternating current power supply signal,
Likewise, the indicutor value DR from the right coil array R is generated in a cycle of

25 about 10kHz. In the area where both of the two coil arrays are valid, since the detection
circuit is switched alternately, the time interval of obtaining the indicator value is twice

#s large as the time interval in the other segment. Further, the indicator values from the



FIG 6 shows a processing algorithmin the overlappi ng segnent where
both of the coil arrays L and R are valid. In step 1, an indicator
value fromthe coil array L and the tine series data of the detection
time are stored. In step 2, outputs DR fromthe coil array R and tine
series data of the detection tinme are stored. Step 1 and step 2 arc
10 perforned alternately. In step 3, with respect to the coil array
L, the indicator value DR at the current tinme r is determ ned by
extrapol ation of the tine series data obtained fromthe coil array L.
Likew se, in step 4, with respect to the coil array It, the indicator
value DR at the current tine is determ ned by extrapolation. Step 3
and Step 4 are perforned alternately ag.well. In step 5, the two
extrapol at ed val yes.a ver ed to d term ne the current
position. Deternina |%§J%e ﬁg“%b% |€%m5%%|§m§w”%°fﬁ PR over | appi ng
segnent is substammvahhyme@maﬁmx@wdﬂmeﬁnmeMW@maQMmmndm&a&mm val ue I X
For exanple, a v fr t he ous, I.n |cator val ue D
is used as X | n%{ﬁsg}gggﬂoa%g ge%ﬁmeg)% 2tor ¥ lpes?_r%a(x:rcraned usin dh Fl@ Vf)?oeCI sel y,
Xi s determ ned fB@mtﬁtfmdpamvaﬂﬂel;@ﬂ&!dmcfaﬂ"i@meim¢. sariand the current

i ndi cator valye B,i,$ determined froml 'Then, X is determ ned 20again
based on the current indicator value D, and then, the current

i ndi cat or val ue D i sFlgdtsiep prcwcbing ggorithm in[H@ 022 pping segmenfthéee both oS hOWS
detection circui hmagggrr,qﬁd@&&ﬁmamg%q oh bR RARAL I O urafy BRI T O cOT
arrays L, R are driven a common t’er nat ting curren ﬁomer supply
circuit made up fh?@‘iﬂ@@@eﬂtdﬁeofthpmrﬂm&@e art figedt !abbpéL otByts rfdm theil D/ A
converter 14. In I the sane as
that shown in FI Eﬁpkmf{ﬁéﬁﬁi&éfé}%gﬁt&m ?“H“;”ém‘* ,Equand smé ‘0f detection
circuits are'@r owifereet 2itamey. dutep &rsh trorie hivel wepgatdt@tedetedri on
circuits are srmmﬂ@agemeals déiehned bﬁﬂﬂ&k@n%eﬂﬂ% %mﬁdaea RedefRdance with
the manner shown in FIG 4. Therefore, in an offset correction unit
30", offset corr@&WﬁH%Y%ﬂﬂﬁﬁwyﬂ%ﬁé“ﬂwﬁv@%k@mw%ﬂmwk$¢@MW®wémc0|I is
perforned. Furt hgiuﬂé!mﬂa@unmqman&%%;em\é& HES aﬁdfsgmelr& &om%@d right
coil arrays can be obtained substantially at the sane

predi cti on conputi&§Piidms o8 1B rfetStthedwo cktpppofatsevalegs pre yfight ﬂ?‘ﬂ@ﬂlﬁ@\m in FIG 7,
The pair of get egtdf 6 bubGtiiolion AFcReti @bt Aavidiih kNl |y, since t he
signals fromthe left and right coil arrays L, R are processed by the
separat e det ect i B2 Egpepids su Ayidly e durtiinHonetieticgerai B0 i n t he
characteristics @impboteatleli@fited € uehkdddl haRGHHhis bl o QL RSk JsESPECt,

the detection circuit of FIG 7 are the sane as the detection circuit
6 shown in FI G ?)f w%@?ﬁsmgmorepmme!v X is determined fromtheprcwous indicator

value, and the current indicator value D) is determined from X. 'Then, X is determined

20 again based on the current indicator vatue D, and then, the current indicator value I is
determined again.
[0022]
FIG. 7 shows detection circuits according to 2 modified ermbodiment, A pair of
coil arrays L, R are driven by a common alternating current power supply circnit made up
25 of the timer 12, the tehie 13, and the D/A converter 14, Inthis respect, lhe circuit of FIG,
7 is the same as that shewn in FIG. 3. In the circuit of FIG, 7, a pair of detection circuits

are provided, and outputs from the separate detection circuits are smoothed by a



In the enbodi ment, the follow ng advantages are obtained. (1) In the
over | appi ng segnent where signals are obtained fromboth of the pair
of coils, the outputs fromthe position detector do not change

di sconti nuously. Therefore, no excessive load is applied to the servo
systemor the |ike using the signal fromthe position 15detector for
control. (2) By determning the positional outputs as D DL - (DL
-DR) x Y,./L1, the position can be determ ned by sinple conputation.
Further, the errors can be dispersed over the entire overl appi ng
segnent . (3) Sharing of the detection circuit is advantageous
in ternms of cost, and no errors due to 20vari ation of the detection
circuit occur. (4) By predicting the Yeurrent position based on the
predi ction conpatatingiyit §inpacordeack prghdtetmiyaer dhorvmie FliGoh Teerefoptin 4o ofist shar ed,

|t becomes POSSichliodfl HOLHUE dBfuf AhbRMRR bk B et and 11 ght

i ndi cat or val ues cannot be obtalned at the same ti ne. ﬁurther, t he
current indi cat atfonpad: denhersiecisies ingipatoeivalyesdam ksidnd tightroil srhsls yen ket any

posi tion. Furt heguine @i Quibul}) SR MR U prOE bordold @mzcnﬁm%ﬁm{muu ppi ng
segnent, the indicator val'ue can hé outputted regardl ess of the

al ternating %ur#@ﬁ{ﬂE@C%@“B#ﬁd¢¢v$ﬂ©wmhvmwoﬁlA@mwﬁysm@@@24] -12-

The conponents %Lsﬁ@mahetmamgﬁtﬁﬁgmwﬁgggrscgad Actm%& da&cga, menory 31,
the prediction conputation unit 32, the snDot ing unit the tiner
12, the table 13"W'FH@NWW@@ﬁvﬂéﬁ@rmﬂ}ﬂchmﬂ%‘éﬂwmmdrﬂa!somscr ete

cirouits. Alter iabkyeltudbese £APANYIL B ARY. ReRLONIARY a5 computer

structure nmade up of hardware and software. Description of the
numer al s [ 0025] shewninFIG. 3.
10 {0023

In the embodiment, the following advantages are obtained.

(1) In the overlapping segment where signals are obtained from both of the pair of coils,

the cutputs from the position detector do niot change discontinuously, Therefore, no

excessive foad is applied to the servo system or the like using the signal from the position
15 detector for control,

(2} By determining the positional cutputs 2s D = DL ~ (DL - DR) * X/L1, the position

can be determined by simple computation. Further, the erors can be dispersed over the

entire overlapping segment.

(3) Sharing of the detection circuit is advantageous in terms of cost, &nd no errors due 1o
20 variation of the detection cireuit occur.

(4) By predicting the current position based on the prediction computstion unit, since the

detection circuit is shared, it becomes possible to solve the problem that the left and right

indicator values cannot be obtained at the same time. Further, the current indicator value

can be predicted substantially at any position. Furthr, also in segments other than the
25 overlapping segment, the indicator value can be outputied regardiess of the alternating

current cycle of driving the coit arrays.

[0024]



2: position detector 4: alternating current power supply circuit 106:
detection circuit 8: snoothing unit 10, 11: signal line 12: tinmer 13:
table 1514: D/ A converter 16: sir:itch 18, 19: operational anplifier
20: phase shifter 21: adder 2022: counter 30: offset correction
segnent 31: nenory 32: prediction conputation segnent 25m, nR:
magneti c mark

12
The eomponents such as the offset correction unit 30, the memory 31, the

prediction computation unit 32, the smoathing unit 8, the timer 12, the table 13, the D/A
converter 14 may be provided as discrete circuits. Alternatively, these components may

be provided as computer structure made up of hardware and software.

Deseription of the numerals
[6025]
2: position detector
4: alternating current power supply circuit
10 &: detection circuit
8: smoothing unit
10, 11: signal Hine
12: timer
13: table
15 14: /A converter
16 switch
13, 19: operational amplifier
20: phase shifter
21; adder
20 22; counter
30: offuet correction segment
31: memory

32: prediction corputation segment

25 ml, m2: magnetic mark
L., R: coil array

Cl-Ito C3-4: cail



L, It coil array Cl-1 to C3-4: coil -13- D indicator value U tine
Pl, P2: outputs of coil array LI: length of overlapping portion 5X
relative coordinate in overlapping portion -14- WHAT IS CLAMED I S:

. A position detector having a plurality of sensor units each
configured to determ ne positions, the position detector selectively
using the sensor units for outputting 5positions of a noving object,
the position detector including a snoothing unit for generating
positional outputs indicating the positions of the noving object by
conmbining outputs fromthe plurality of the sensor units in a segnent
where the plurality of sensor units output positions together and are
valid, in such a way that the positionak- outputs change conti nuously
froma start 10l eamiiceprda@f the segnent. 2. The position
detector according to claiml, in the segnent, the positional outputs
D bei ng deterninégm%ased on an equation of D DL-(DL-DR) x X/L I

where DL denot essPeshLikhQ@BReiRdased on outputs froma first sensor unit

of the plurality of sensor
L1: length of overlapping portion

5 X: relative coordinate in overlapping portion



15units, DR denotes positions based on outputs froma second sensor
unit of the plurality of sensor units, LI denotes length of the
segnent along a noving direction of the noving object, X denotes
rel ative positions of the noving object in the segnment, X= 0 on a
side where only the first sensor unit is valid, and X =Ll on a side
where only the second sensor unit is valid. 20 3. The position
detector according to claiml1, the plurality of sensor units each
conprising a coil array, the position detector including: a commobn
power supply for driving a plurality of coil arrays; 25a detection
circuit for converting the outputs fromthe coil arrays into the
positional outputs; and a switch for selsaectively inputting outputs
fromthe plural i ty;:8fs &xEsYsr ays to the -15- detection circuit in
such a way that the detection circuit is shared between the plurality
of coil arrays, the switch being switched in the segnent to
convert the outputs fr,om. al i Q{ i r s.alternately
into the positional E).&p%@g{o%&g:&&%ﬂ%%gag%(rgb f%ﬁgo%ﬁmr (?%ﬂg%(o.nﬁ 48 4. The
posi ti on det ect oKetagicegtionsgiht @sitfh ddtastoSelecavely etk tietsén@nun Obhpupaite on uni t
bei ng provi ded for.t.extfra alating tinme series data of positions based
on outputs frrom BECH &SI HYSY to positions at current time as the
tenporal current posintpositis dBytociadiling OdmootBigudyor deftratildGoSFRO&IUBY UNI T,
the tenporal current positjons by the coil arrays bei niglg )

indicating the positions of the moving object by combining dutputs from tfie plurality of

the sensor units in a segment where the plurality of sensor units output positions together

and are velid, in such a way that the positional outputs change continuously from a start

10 1o an end of the segment,

2. The position detector according to claim !, in the segment, the positionzl
outputs D being determined based on an equation of D = DL-{DL-DR) * X/L1, whets
DL denotes posilions based on outputs from & first sensor unit of the plurality of sensor
15 units, DR denotes positions based on autputs from a second sensor unit of the pluratity of
sensor units, L1 denates length of the segment along a moving direction of the moving
object, X denotes relative positions of the moving object in the segment, X = 0 on a side
where only the first sensor unit is valid, and X =11 on & side where only the second

sensor umt is velid.

20
1. The position detector eccording to claim 1, the plurality of sensor units each
comprising a coil array,
the position detector including:
a common power supply for driving a plurality of coil arrays;
25 a detection cireuit for converting the outputs from the coil arrays into the

positional cutputs, and

a switch for selectively inputting outputs from the plurality of coil arrays to he



10conbi ned to generate the positional outputs. 5. A position
detection nethod by a position detector having a plurality of sensor
units each configured to determ ne positions, the position detector
sel ectively using the sensor units for outputting positions of a
novi ng obj ect, the nethod including the step of 15generating
positional outputs indicating the positions of the noving object with
a snoothing unit in the position detector by conbining outputs from
the plurality of the sensor units in a segnent where the plurality of
sensor units output positions together and are valid, in such a way
that the positional outputs to change-ﬁgntinuously froma start to an

end of the segnent. 20 .
detection circuit in such a way that the detection ¢ircuit is shared between the plurality of

coil arrays,
the switch being switched in the segment to convert the outputs from the plurality

of cail arrays alternately into the positional outputs by the detection eircuit.

4. The position detector according to claim 3, a prediction computation unit being
provided for extrapolating time scries data of positions based on outputs from each coil
array 10 positions at current time s the temporal current positions by each coil array,

in the smoothing unit, the temporal eusrent positions by the coil arrays being

10 combined to generate the positional outpuls.

5. A position detection method by a position detector having 3 plurality of sensor
units cach configured to determine positions, the position detector selectively using the
scnsor urits for qutputting positions of & maving object, the method including the step of:

15 Benerating positional outputs indicating the positions of the moving object with a
smaothing unit in the position detestor by combining outputs from the plurality of the
sensor units in 2 segment where the plurality of sensor units output positions together and
are valid, in such a way that the positional outputs to change continuously from a start to
an end of the segment.

20



