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APPARATUS FOR DETERM NI NG A ROTATI ONAL ANGLE OF A ROTARY BODY B

THE I NVENTION 1. Field of the Invention: This invention relates to a nethad
and apparatus for determining a rotational angle of a rotary body, and nore
particularly to an inproved nethod for determ ning a rotational angle q{‘a
rotor of an AC notor or a DC notor which drives a door in an autonatic door
systemin order7&0 EOBIOol 2802554652 i on of the notor. 2. DeWANGPOCon 166 lithe
Prior Art: In an automatic door system a belt is wound around a drive
pul'ley that is driven by an AC notor or a DC notor and a driven pulley,. a
door is connected to this belt, and opening and cl osi ng operations of the
door are effected by normally or reversely rotating the notor. In order to

control opening and C|OSI or, system
?ﬁc?r?ihng to ? desi rgd %(%H&? %ﬁ& %?W% %jﬁﬂ%&gg %ade EUCh

a e position and spee V. e r can be
al ways detected. In a heret ggﬁ%fc own—amhﬁ g82 i n accordance

with rotation of an encoder

BACKGROUND_OF THE INVENTION

1. _Field of the Invention:

This invention relates to a methdd and apparatus for
determining a rotational angle of a rotary body, and
more pﬁrtidularly to an improved'method-for determining .
a rotational angle of é rotor of an AC motor or a DC
motor which drives é door in an automatic door system in

order to control. the rotation of the motor.
2. Description of the Prior Art:

In an automatic door sysfem, a belt is wound around
a drive pulley that is driven by an AC motor or a DC
motor and a driven pulley, a door is connected to this
belt, and opening and closing operations of the door are

effected by normally or reversely rotating the motor.

In order to control opening and closing of a door in

such an automatic door system according to a desired



nounted to a rotor of a notor, sensing pulses are generated at a
predeterm ned rotational angle interval, and by a count up or count down of
the nunmber of these sensing pul ses dependi ng upon the direction of
rotatign, the distance noved of the door and hence the position of the door
with re™rence. to a given position (for instance, a closing-stop position

- of the door) coul opgraticorrnéded, PEOVE 1 ken npws figbe prade Juehethiabrtheul d be
detected on the basis of a repetition cycle of these sensjng_pul ses

However, in such Bosdthen an@csReed EPOFHLEIYR| PF\neFakiye linefi BRe sdehrt hat
in a pul se series of sensingﬁgulses generated rotgtion of an egcoder

b
upon rotation of $&B R®t3}w dpter ﬁdth%ndﬁo?grﬁﬁg Qe SknED ARbPmREECor
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operation node. Tg{aﬁekéﬁaat aUH"%Egdé@ei‘ﬂiﬁ%o%{:&?wﬁﬂ £%5€8) iR¥brval?

the situation is SO the same ih operation control of other instrunents
driven by a notoran@ngynRrgotfeetp! by, Eblsti 8o@nPbebtRE ficHbBRE b8 TREbeds

e | sensing pulses depending upon the direction of rotation,
the distance moved of the door and hence the position of
the door with reference to a given position (for

instance,.a closing-stop position of the door) could be
determined, and the moving speed of the door could be |

detected on the basis of a repetition cycle of these

sensing pulses.

However, in such a method; there is a possibility of
mal function such thgt in a pulse series of sensing
puiées generatgd by rotation of an encoder upon rotation
of the motor for driving the door, one pulse may drop

— out or 6ne pulse may be excessively added due to
| electrical or mechanical faults. In such cases, errors
would arise in the detected position or moving speed of
the door, and so it becomes impossibie to precisely
control opening and closing of a door in an automatic

door system according to a desired operation mode.

This is not limited to an automatic door sytem, but



detecting a rotational angle or a rotational speed of a rotary body by
means of sensing pul ses as descri bed above. SUMVARY OF THE | NVENTI ON The
present invention has been made in view of the foregoing circunstances, and*
its aimis to provide an inproved nmet hod aRd apparatus for deternlnlgp a
rotational angle of a rotary body, in which errors would not occur irf
detecti on of 8heosatuabdbnahguhdsopthet sameoinaopetrationalcontered @f a
rotary body in the case where a surplus pul se. has been added or drop-out of
a pul se has oothereiinshrameptsedrivenchyi agmptbsesagdnawaeed according to
rotation of an encoder. According to one aspect of the present invention,
there is provgﬁééralﬁﬁtﬁbésoisdétQFﬁPﬁpﬂgCamN§PaFPoH&Fh@ﬂ§I@0§f a rotary
body, conprising the steps of: é generatln according to an encodlng
pattern on andS GSGéPgrét§PtH§iQ?ﬁ hA9E48s fRtakd aBpPesdd Pt

rot ati onal n signals_n the f of n_tr phase
squar e maves gakarge Bpgtgﬂgm Hglﬁé senﬂlﬁﬁl S 88E Bfeggfgéﬂg?

rot ati onal gg AL intervals of 360/(2m), where mis an integer |arger than
n and where n°rs &n integer larger than unity and is an integral divisor of
-m wherein the angular intervals between

SUMMARY OF THE INVENTION

The present invention has been made in view of the &J
foregoing circumstances, and its aim is to provide an
improved method and apparatus for détermining a
rotational angle of a rotary body, in which errors would
not occur in detection of a rotational angular position
or a rotational speed of a rotary body in fhe case where
a surplus pulse has been added or drop-out of a pulse
has occurred in a series of senéing pulses generated
according to rotation of an encoder.

Cd

According to one aspect of the present invention,
there is prdvided a method'of determining a rotational

angle of a rotary body, comprising the steps of: -

(a) generating, according to an encoding pattern on
an encoder rotating synchronously with the rotary body,
rotational angular position signals in the form of n

- trains of n-phase square waves, and generating sensing



successi ve changes of |evel of each square wave are n(360/2m[err]; there
bei ng a phase-shift, between each said train of square waves and at | east
one ofher said train of square waves, of +/- (£.360/2n)[err] respectively,
wher e p*is an integer between 1. and (n-1) incltsive; each said sensing
pul se B®¥ng generated inmediately after a change of |evel of one or other
of said trains ofpslpes catapredetdiniredcrotationat argubar| intevnelstofig
of the respective instantaneous |levels of said n trains of square waves, in
response to each 38RLE2M] Ve woers iy bril e ineg9eHrl 5L pEhRanoR and c¥ReFSe
sensi ng pul ses, conparing the set of levels of said n trains of_ s

; uar e
waves obtai ned i 2risppmskntegerclarger tham; weity and 44 ag *EF%&E% e
pattern and deriving two alternative, expected sets

. f Ieveis f_,said n
trains of square HaVEROF P BF oFHRFYHFo %?i%ﬂ%? §fe§n5ﬁ v _%agﬁﬁg?an
rotational step resggg%%¥§%¥éPé€é?é0éfegg?afﬁ$¥ ggcﬁug S8 VEasENska

g
pul ses, conparing®® ral NS of square waves

ul ses, c . hs o ¢ ._
oxpected sots of BLTarLzh ‘L FSRE, BETAL"E, PUASE 4l Bl blriflnTipphnabins

expected sets pf 2 n-trarn uare waves; _
conpari son indical g3 ANoAbPRLARL! hives Nah@ahtt DEasel oRE bEMEESs@iaserdin
trains of square waves _
| of square waves, of +/- (p. 360/2m)° respectively, where
p is an integer between 1 and (n-1) inclusive; each said

sensing pulse being generated immediately after a change

of level of one or other of said trains of square waves;

(b) detecting a set of levels, consisting of the
respective instantaneous levels of said n trains of
square waves, in response to each successive sensing

pulse;

(c) for each ﬁair of successive sensing puises,
comparing the set of levels.of said n trains of squafe
— waves obtained in response to the first sensing pulse
with a reference pattern and deriving two alternative
expected sets of levels of said n trains of square waves
for a forward rotational step and a backward rotational

step respectively;

(d) for each pair of successive sensing pulses,

comparing the set of levels of said n trains of square



obtained in response to the second sensing pul se accords with neither of
said two alternative expected sets of |evels of said n trains of square,
waves, generating an abnormality alarmsigpal; and (f) in the event of no
abnormality, adding (+1) or .(-1) to a rotatiional step counter for each
forward or backward rotatignal step indicated by the _conparison to h¥%e
occurred. PreF@ves| pbtained gﬁer§éE9Pﬁ§.E8I§§§ é@ﬁ@P&té&“&éSﬁr@Pﬁgeto an
encodi ng pattern.on_a ncoder _are _not sinpl ccunul ated as.is the case
with the prioFLER; Sabfl EWReaLERRRAATPORTBECERE SETEI RS AEVELE O
evaluating a ¢ t .0 ngl.g i fe only in the case where it has
been checked ﬁgkﬁegnggé?ﬁ%-SgaéguS%Pag%gggr angul ar position signals
whet her or not the sensing pulses are pulses generated correctly at a
predeterm ned rotational angle interval and they have been proved to be

correct sensing pykess @heOED %}?‘i@oﬂoinaﬁ.iciﬁ ggyhh;ab%&%&% otjgf i onal

m e

angle and 6 rotational speed of the rotary bo n the eve f that a

faulty sensingnpel efehaetbeen1debtst 8¢ gaidr aPt2Hingl oF BYUNrR0 wAWene has

been detected, an abnormal alarmsignal is génerated and control is

‘interrupted sobtainedain despohsectiootheBsiecond sensing pulse accords.
with neither of said two alternative expected sets of
levels of said n trains of square waves, generating an

abnormality alarm signal; and

(£f) in the event of no abnormality, adding (+1) or
(-1) to a rotational step counter for each forward or
backward rotational step indicated by the comparison to

have occurred.

Preferably, since the sensing pulses generated
according to an encoding pattern on an encoder are not
simply accumulated as is the case with the prior art,
but the accuﬁulation of the sensing pulses for
evaluating a rotational angle is effected only in the
case where it has been checked by means of n-phase
rotational angular po;itipn signals whether or not the
sensing pulses aie pulses generated correctly at a
predetermined rotational angle interval and they have
been proved to be correct sensing pulses, errors would

not arise in the detected rotational angle and

¥



.
even in such cases, if necessary, it is possible to add a subsequent
sensing pulse or elimnate a subsequent sensing pulse in response to the
abnor el al arm signal for continuing correct control. According to another
aspect of the present invention, there is prcw§ded an apparatus for

deterni ™ng a rotational angle of a rotary -body, conprising:- (a) an
encoder adapted amtaticenajednesd bhitthewetahdd¥ with the rotating body
for generating, according to an encoding pattern on said encoder,
~rotational angular position signals in the formof n trains of n-phase
square waves, and for_generatin sensingspulses at redﬁégi Eid r,ot ati onal

J m

angul ar interval s of B&0M®§VeRherhatm§ fait tht 199, RS ¢ HARF PERY
where n is an integer larger than unity_and is an integr iyisor of m
wher ei n t he angul 2FEFHE v%?s&’f)%?T/\%‘éF‘n éﬁc%e%%’?%n%k%‘h]g%%%?gl%%éeﬁ of each
square wave are n{360/2m[err]. bei - shi b en
each said train o e%%ﬁ%%%’wéée%béégﬁé} %%%%Tq%ﬁga%ﬁﬁé$ éé?%r?$%?n§% square
vaves, of /- (P 200¢ 20 [ IntE2PRGLa Ay adEd Cavoid Ml tkOLEnDeBYEeN 1
and (n-1) inclusiVe; each salﬁ sensi ng pul se being generated i medi ately
after a change ofg{gyelnofudnecRied) hEt Récessary, it is possible to add

a subsequent.sensing pulse or eliminate a subsequent

sensing pulse in response to the abnormal alarm signal

for continuing correct control.

According to another aspect of the present
invention, there is provided an apparatus for
determining a rotational angle of a rotary bedy,

comprising: -

(a) an encoder adapted and.arranged to rotate
synchronously with the rotating body for generating,
according to an encoding pattern on said encoder,

— rotational angular posifion signals in the form of n
trains of n-phase square waves, and for generating
sensing pulees at predetermined rotational angular
intervals of 360/(2m)°, where m is an integer larger
than n and where n is an integer larger than unity and
is an integral divisor of m; wherein the angular
.intervals between successive changes of level of each

sguare wave are 3(350/22)'; there being a phase-shift,



said trains of square waves;

-

trains of square waves by, for each pair of successive sensing ulségf
sackisaid 2

conparing t heP&eiesn

response to t
two alternati
waves for a f
respectively;
n trains of

square waves;

signal if the conparison indicates an abnornmality in that the set. of

of said n trad4pd otr&imdr 6f Veyaarébiraveesd i n response to the second sensing
pul se accords with neither of said two alternative expected sets of

L5 4P 10T 1 SEVRT O WRY R PR sl 8

d n trains of
inmeabatEEy ATEEE & OEh&RGE' 8fi DEvED GDNGhEBLE! YtRL2' BE

-of said n trains of square waves; and

(b) detection means for detecting a set of levels,
consisting of the respective instantaneous levels of
said n trains of square waves, in response to each

successive sensing pulse;

(c).idéntificatioﬁ means for identifying the
expected sets of levels of said n trains of square waves
by, for each pair of successive sensing pulses,
comparinglthe set of levels of said n trains of square
waves obtained in response to the first sensing pulse
with a reference pattern, and deriving two alternative
said expected sets of levels of said n trains of squafe
waves for a forward rotational step and a backward

rotational step respectively;

(d) comparison means for comparing the set of levels
of said n trains of square waves obtained in response to

the second sensing pulse with said two alternative

expected sets of levels of said n trains of square waves;

(e) signal means for generating an abnormality alarm

(b) detection neans for detecting a set of
| evel s, consisting of the respective instantaneous |evels of said n trains
of square waves, in response to each successive sensing pul se; (c) ' .
identification neans for identifying the expected sets of |levels of said n

R | P8 in

reh i ERHY 8K S0te dr SO0 MRy Bh a8y qlar e

RIEEEL IRy, Spexd BP&Nn L BECHIB Bebdoh! S8RaCLER) (i g
Es VGYESebh 2% 868 & End £3§0PSEs b Opb) ggggﬁaﬁaésasing pul se

with said two alternative expected sets Of levels o
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| evel s

| evel s
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(f) a rotational step counter to which, in the event of no abnormality,

(+1) or (-1)-is added for each forward or backward rotational step
hespectlvely i ndi cated by the conparison neans to have occurred. Preferably
sai d coffpari ng neans further conprises neans for conparing a variation
pattern“éf a conbination of detected n levels wth a previously stored

vari ation patteraighad édnisheaccspastspasindicatesdan adpormadidy iim t hey
are identical with each other, generatln% an abnor mal, al arm si gnal .
Preferably sai-d §bAér &hen§elelfs le¥eisaptedaisd SeldRins §§|G%§§Hﬁ YEVSS ses

at an interval of 30, degrees %HFG) of thg%Jotatl of sai d encoder, é%ﬁ
3- phase rectanguPQFa%&F 3% F§°ﬁﬁ|cﬁ “0&r R&EC ﬁgﬁglgghp 5% €&°°

mAII be descri be exanple h e nce to “Fhe acconpanylng
drawi ngs, wherein like references refer to |like parts unless the context
requi res otherw se. BRI EF DESCRI PTI ON OF THE DRAW NGS

(f) a rotational step counter to which, in the event
of no abnormality, (+1) or (-1) is added for each
forward or backward rotational step respectively

indicated by the comparison means to have occurred.

Preferably said comparing means further comprises
means for comparing a variation pattern of a combination
of detected n levels with a previously stored variation
pattern of a combination of last detected n levels and,
if they are identical with each other, generating an

abnormal alarm Signal.

Preferably said generating means is adapted to
— generate said sensing pulses at an interval of 30
degrees (m=6) of the.rotation of said encoder, and
3-phase rectangular wavelsignals which alternately take
a high level and a low level at an interval of 90
degrees that is three times 30 degrees and which are
phase-shifted by 60 or 30 degrees with-:espect to one
~another, are éenerated as rotational angular position

signals.



In the acconpanying drawngs: Fig. 1 is a block diagram of an apparatus for
perform ng determ nation of a rotational angle of a notor by practicing the
met hod according to the present invention; Fig. 2 is a diagramshow ng, as.~’
a function of a rotational angle, sensing pul ses and 3-phase rotatiqnal
angul ar position signals, [err] out of phase at a predeterm ned rotatf onal
angl e to one anothgré, inbhenbionewibhebet @dsbyiBedi bpavageder akampaecor di ng
to an encoding pattern of an encoder; and Fig. 3 is a flow chart
representi ng withcatfepenaei vasthacasctenpanyihgedsawingg, pwheesiand t he
3-phase rotational angular position signals in a controller shown in Fig.

1. DETAI LED DESGRI pFfereuresHEe PREFERREDKENBEEESENELess | Bhpnchngext, a
known encoder 4 which is, for exanple, disc-shaped is integrally nounted to
and synchr onct@@yiree aetBerFifea rotor of an AC notor or a DC mptor 1
serving as a drive source for performng, for instance, opening and cl osing
operations of a door in an automatic door system and when the rotor

rotates, 3- phase rOtatiOngklgggﬁkgéaggiibhansEﬂﬂab§A§}NG§2 and P3 (See

In the accompanying drawings:

Fig. 1 is a block diagram of an apparatus for - g;
performing determination of a rotational angle of a
motor by pfactibing the method according to the present

invention;

Fig.” 2 is a diagram showing, as a function of a
rotational angle, sensing pulses and 3-phase rotational
angular position signals, 60° out of phase at a
predetermined rotational angle to one another, which are
generated by a signal generator according to an encoding

Q;J:

pattern of an encoder; and

Fig. 3 is a flow chart representing logical
operations executed for the sensing pulses and the
3-phase rotational angular position signals in a
controller shown in Fig. 1.

DETAILED DESCRIPTION OF THE

PREFERRED EMBODIMENT
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Fig. 2), out of phase at a predeterm ned rotational angle to one another
and sensing pul se series SP are generated by an optical or magnetic signal
generator 2 opposed to a circunferential portion of an encoder 4 according
to an opfical or magneti c encoding pattern pret®t along the circunference
of the eMcoder. These three-phase rotational angular position signals P1,

P2 and P3 and sensi ngIpuF:@. séri@skmpwarencedesnt t vedchrbm t ferseyaunple,
generator 2 to a controller_3,where the pulse series and_the signals are
subj ected to Iog|€%§°0§€?3?¢oh§ %gt%HF?lﬁé BRpnEeAcko | And heyrehrenpugly As
shown in Fig. 2 in the éo m of veforn1d|a ram taking a_ rotational angle

of thF encoder 4 3?5%53 wéﬁgc?sg °fh%f3a5h% ?F?ﬁt?ﬁn%lnﬁnﬂﬂFaF bosi tion
P1, P2 P3

Syanal o PL P2 angold s8nsk oh L s ABEes SRR BRLEL YRGS ﬁerefyaﬁaaﬁa:

o Level (et el 1obeRlng hh@Tc2oUPhY bobEYELdnd' ol ShSEVEL O LSEbhaLiE!

is equal to thre [err] coOrre e ro ona

interval of the 5&8§£“§y@%€ﬁesan&“9h&ﬁ'Eﬁea£8tBPa§€t§@é§teg ?%aﬁérr] W th

respect to one anot OF course,a repetition frequency o ese
rectangul ar wavesrgt&€i §R&D"BAgHL &P gési‘ﬂ.esoﬁ%ﬁghamlppj bﬁeaﬁacmle(séels

I ncreased, but the relationship between
Fig. 2), out of phase at a predetermined rotational

~ angle to one another and sensing pulse series SP are
generated by an optical or magnetic signal generator 2

. opposed to a circumferential portion of an encoder 4
according to an optical or magnetic encoding pattern
preseﬁ along the circumference of the encoder. These
three-phase rotational angular position signals Pl, P2
énd P3 and sensing pulse series SP are transmitted from
the signal generator 2 to a controller 3,where the pulse

series and the signals are subjected to logical

operations as will be explained in the following.

As shown in Fig. 2 in the form of a waveform diagram
taking a rotational angle of the encoder 4 along an
abséissa, the 3-phase rotational angular position
signals P1, P2 and P3 consist of 3-phase rectangular
waves, which alternately repeat a high level
(hereinafter called simply H-level) and a low level
(hereinafter called simply L-level) at an interval of

90°-that is equal to three times 30° corresponding



¥

the rotational angular position of the encoder and the output |levels of the
three signals is always fixed independently of the rotational speed, as
indicated in Fig. 2. In nore particular, in one revolution (=[err]) of the, «
encoder 4, the first phase rotational angullak position signal Pl is a
rectangul ar wave signal which takes Hlevel in the intervals of 90- 180 and
[err] ~360 and do |t rotativndintaigiad simtfeHirdd) ofckHS érdl ng heussesond
phase rotational angular position-signal P2 is rectangul ar wave si gnal

whi ch takes Hdmlathiich tdwe iphage sl £fed dvy |6QU40vickil fespded cto | cmand
L-level in the intervals of 60-150 and 240-330, and the third phase

rotati onal anqnabhemsiQf towrsma repetitioncizequeney vel/cthesgmal which
takes Hlevel in the interval of 30-120 and [err]~300 and L-level in the
interval s of KERELENTWRK [¥AT9S-[25q begprnef iFferanhithe ¥okatiorahepul se

series SPis a 12 | se. series consisting of. narrow sensin ul ses SP1,
SP2, SP3, . tne ged tedt i %W%%%%g-ofb‘?%et*m{!%]ﬁ%w@ng HERED at
an interval ofy | eridetiShal Saffif 8 38 £l N%# 0L WALBad SE41 dng" the
' output levels of the three signals is always fixed

independently of the rotational speed, as indicated in

Fig. 2,

In more particular, in one revolution (=360°) of
the encoder 4, the first phase rotational angular
position signal Pl is a rectangular wave signal which
takes H-level in the intervals of 909f1800 and
270°~360° and L-level in the intervals of
0°-90° and 180°-270° the second phase
rotational angular position signal P2 is a rectangular
wave signal which takes H-level in the intervals of
150°-240° and 330°-60° and L-level in the

intervals of 60°-150° and 240°-330°, and the

third phase rotational angular position signal P3 is a
rectangular wave signal which takes H-level in the
interval of 30°-120° and 210°-300° and

L-level in the intervals of 120°-210° ana

300°-30°.

On the other hand, the sensing pulse series SP is a



repetition frequency of this pul se series becomes high as the rotational
speed of the rotor, and hence, of the encoder 4 is increased. Now, the

l;ogi cal operations for precisely determ ning the rotational angul ar
posi ti om*of the encoder 4 by neans of the abovi? descri bed sensing pul se
series SP and the 3-phase rotational angular position signals P1, P2 and P3
in the control |l erp@senigerins cagnsdistddavath narrawe f_Ning mulisesy $krge in
Fig. 3. At first, the sensing pulses SP1, SP2,SP3 ...... are generat ed,
in turn, just beliBR t$B3r-espectdaneratad, dibrides ¥se RE Lhmddel ysdizatiethal

angul ar position signals P1, P2 and P3 so that fhe l.evels, of the respective
ones of the 3- phBAPYBUEVoNAT Yy e TR t‘?‘{)r?%i dﬂ’ﬁ"l"g“ P P alr?{f‘?fg can

be detected (Fig. :10)._1f the si 2 ge.

tﬁesg regt gt i f)niallg f prbesﬁ'?]l%k-rf'e %Srlf 3{%%" gl,egrla?tzé}g%aezﬁdco aeﬁzglt‘{’%e sérleﬁg's?trlgspul se
: 4 | . !

series Sp accor 'z[d&oé% Nort e RA LS £ tséjrbéﬁeeserﬁ@rgﬁ%sg’rtx%&gh;f

they are not dist e uri ng e period en ey are transm

controller 3, th %{(ﬁ"{t & sped® dHLWOILNBL dnd hedncd,NSf the

conbi nation of the levels e rotational angular position signals Pl, P2
and P3 detected ighdSSPPNE6id Ol eedaddd.t he sensing pul ses SP1,

Now, the logical operations for precisely.

determining the rotational angular position of the

~ - encoder 4 by means of the above described sensing pulse
series_SP and the 3-phase fotational angular position
signals P1, P2 and P3 in the controller 3, will be
explained with reference to the flow charge in Fig. 3.

At first, the sensing pulses SP1,

SP2,SP3,........ are generated, in turn; just behind the
respective level changes of the 3-phase rotational
angular position signals P1, P2 and P3 so that the

Y | levels of the respective ones of the 3-phase rotational

angular position signals P1, P2 and P3 can be detected
(Fig. 3:10). If the signal generétor 2 correctly
generates these rotational angle position signals P1, P2
and P3 and the sensing pulse seiies SP according to an
encoding pattern preset on the encoder 4, and if they
are not disturbed during the period'when they are

transmitted to the controller 3, then as indicated at



SP2, SP3...... must be cyclically varied according to the foll ow ng
variation pattern (1) (this being called "reference variation pattern"):

(L, H L) f[err] (L, H H [err] (L, L, H [err]

[err] (H H L) [err] - (H, L, H @whereinit is a matter of.
course that if the notor is reversed in rotation and the encoder 4 r¥étates
in the rever séhedbokdiomowt Fig.| @veltheoelombpimadd onowid the dyemelsalds varied
according to a reversed pattern as indicated by dotted |line arrows). As a
first step of thgedOtagimmalhangdd agoPosiddensisgeaad spPl. PP PP and t he
sensing pul se series SP are correct ones, a conbination of signal |evels

det ect ed by tRetesdedsdfsine§RARSSe toh f2ash Ofhithe: SERed % iRy SR /s

detected by t t ' I d wih t her, dit

s dot or i med St BER-or -not TS B SHIGTALLY AFLEE RARHAT S 3 11,

12). As will . f . - ' d f i,at

vat tern, " nat uihe Fatien g YRR A bRl 1] (R Mhe MY

each ot her, am@éﬂéren 4akﬂﬂ%€¥6ii4¥¥ﬁéfﬁﬁ"it shoul d be determ ned that
aul t.

mal f uncti on has "occure ue to any or instance if it is assuned
‘that the | ast sensing pul se was SP2,

(L, H, L)m(L, H, 'H)-.---on-'. .

(L, L, H)

(1)

veesscolp

“..-

(H' H, L)Do.-o~oon-, (H, L' L)..o-'...o.. -) (H’ L' H)

(wherein it is a matter of course that if the motor is
reversed in rotation and the encoder 4 rotates in the
reversed direction, the level combination would be
cyclically varied according to a reversed pattern as
indicated by dotted line arrows).

As a first step of checking whether or not these
signals P1, P2 and P3 and the sensing pulse series SP
are correct ones, a combination of signal levels
detected by the last sensing pulse and a combination of
signal levels detected by the present sensing pulse are
compaied with each other, and it is determined whether
or not they are identical to each other (Fig. 3: 11,
12). As will be apparent from the above-mentioned
reference variation pattern, naturally these two level

combinations should be different from eéch other, and if



then the conbination of the signal |evels detected in response to that
sensing pulse is (L,-H H. In the event that the pul se deened as the
present sensing pulse is not correctly the next sensing pulse SP2 but a
pul se SP™ (indicated by a dotted line in Fig. 3 m xed as result of noi se,
the connation of the signal levels now detected in response to this noise

pul se SP' is al s&hdy ate Hdertdcal, dax aHRAd thefdeWMbMSDEhdt | S
determ ned that the both | evel conbinations are identical. Therefore, in

t he event that | malswhettdran e tdratundie\dws eco danyt ifimallt.arFabnicigtdndd ar m
signal is generated (Fig. 3: 13), and consequently a buzzer is nmade to
sound (Fig. 3: 14f it ishassumed tthat ithddadeeensding mulee tvag ISP
present conbination of the detected levels and the | ast conbination of the
“detected | evel s fhendithreconbimaihan@f dhesiand destsdsdenratad gm

- proceeds to a second step. In_the second checking step, a |level conbiantion
derived by shift5f§RIES &8 Y@t ssReing Auismishd-ofl,(flly. £n e by one
predeterm ned rotati n%! 3n lLe [err] forwards according to the reference
variation patter r?v(efﬂ%g. ha %é’aﬁ St 9%8M8e 35 Ghe RECHSRE |SRASIRHBWARS on

LIZ t él(; t eg, | l(;?/él aggﬁﬁbr%oﬁ:\;ﬁog%@@l@t‘éh%n nextlssedneé’iiﬁ/ge%ﬂ%es *Bﬂé Ihntﬂ: tah ep\.ltlasset
SP! (indicated by a dotted line in Fig. 2) mixed as
result of noise, the combination of the signal levels

W, now detected in response to this noise pulse SP’ is also
(L, H, H),and so, as a result of comparison, it is
determined that the both level combinations are
identical. Therefore, in the event that it is determined
that they are identical, an abnormal alarm signal is

generated (Fig. 3: 13), and consequently a buzzer is

made to sound (Fig. 3: 14).

In the event that it has been determined that the
‘present combination of tbe detected levels and the last
combination of the detected levels are different from |
each other, the checking operation proceeds to a second
-stép. In the second checking step, a level combiantion
derived by shifting the last detected level conbination
(Fig. 3: 16c) by one predetermined rotational angle
(30°) forwards according to the reference'variation
pattern (Fig. 3: 16a), that is, (L, L, H), if the last

combination is (L, H, H), and a level combination



(Fig. 3: 16¢c) by one predermined rotational angle [err] backwards according
to the reference variation pattern (Fig. 3: 16b), that is, (L, H L), if
the last conbination is (L, H H), are respectively conpared with the now
detected | evel conbination (Fig. 3: 15). Asl® result, if the now det ect ed

| evel conbination coincides with either one of the above-described tvwe
conbi nati ons (Aerfived) bynghdlftibg lthe illasits deteotedhdievidle cornitgiyse
series SP and the 3-phase rotational angular position signals P1, P2 and P3
are being corr éE&By B¢ ad$eilt byd one pPredsomineld aotdtiomalhangiw rary, if
the now detected lbevel conbination does not coincide with either one of the
above- nentioneg @Gﬁﬁﬁﬁé@?oﬁ§°qrﬁl§ﬁbﬁpdt@@ Fefenensed viaritatimn unct i on

has occurred due,to _any f aul stan in_the case where the | ast
sensi ng pul se R/ﬁé—'gﬁ? 46d 9 na: c&%ﬁﬂ) t"’ﬁ"@'ﬁ a8t K& sHgndi) .| dfeltheddiasdt ed in

dth h t
Sensing pul so_ ERABRRERIABLAR] G, i o ke mepmagil VAL ComRALed e Bow
observed sensi RgoPULSE a8 5%%%@9&@%e&°c 3§ %ggg A%H§bc3§gﬁ tha§ﬁ|s | ocat ed

one pul se i nterval ey on the sensing p

conbi nation of rbgﬁl%' gaffl £h3" o dSkRCka 14veSBANRI R ALY P! se

woul d be (H, L, Thi's I'evel combination’is determ ne

with eit uer Loneieh bﬂ%h%bo\éﬁed%ic Ftheeﬁb%%f-a%%h%dc‘E%arc'o'i&:lln@tio'us H)
and (L )-(L, L, H) and (L, H, L), it is known that the sensing
pulse series SP and the 3-phase rotational anéular
position signals Pl, P2 and P3 are being correctly
transmitted to the controller 3. On the contrary, if the
now detecfed level combination does not coincide with
e;ther one of the abovefmentioned two combinations, it
‘'should be determined that malfunction has occurred due
to any fault. For instance, in the case where the last
sensing pulse was SP2 and the combination of the signal
levels detected in respone to that sensing pulse is (L,
H, H), if it is assumed that the next sensing pulse SP3
has dropped out due to any circuit fault, then the now
observed sensing pulse corresponds to the sensing pulse
SP4 that is located one pulse interval beyond the
sensing pulse SP3,and accordigg, thé combination of the
signal levels detected in response to that sensing pulse
~would be (H, L, H). This level combination is determined
not to coincide with either one of the above-described

contrasts of comparison (L, L, H) and (L, H, L).



16 Therefore, in the event that a presently detected | evel conbi nation does
not coincide with either one of the above-nentioned two conbinations (L, L,
HW) and (L, H, L) and hence it has been determ ned that the detected | evel
conbi natTon does not coincide with the referent® variation pattern, an
abnor maMal arm signal is generated (Fig. 3: 13), and consequently, a buzzer
is mde to sound ThepefSre,ldin €hetéeenti thattai pdeserplpfdéhectbackenglf or
the conbination of the detected | evels of the rotational angul ar-position
signals P1, P2 anciomBinationhedeennothaoinbideretbht eytherconedofetbe
conbi nation coincides with the reference variation pattern, it is
det er mi ned whet hedbevie-peationed tueceombinatitengohbi nhii Bh £84di §bnt Heaklto
a | evel conbination derived b% shiftin& the | ast detected | eve

o}

L, L,
conbi nation (L, Fﬁn¢éhﬁ9°6nggppéﬂeP%?ﬂ1 etermiaed ohapt ahRPcdpERPEeRoL YRS
di to th f Lati | ' ' L, H
) “deri ved by sni FOPRLARRECY ARoE, BRCopt BELAS, HEFRAERD: SPFBRARCENgl ¢ ferr]
backwards (Fi g Syadfaes bR pRELERHTShnCRRRorRATCE1ADG EPHRATA1LOBeREb0R,
signal levels is varyrng actording'to the rererence varratron pattern O

forvard travel |inge(gol sl Lone ghaoubnsbguertly! e baeas' 19 ARRLCES (1)),

It is determned e encoder S rotating 1 n the norma
direction, and sogégha (Pigdded t@ya

U Further, in a third step of the checking for the
combination of the detected levels of the rotational
‘angular-position signals P1, P2 and P3, in the eveht .

. that the presently detected level combination coincideé
with the reference variation pattern, it is determined
whether the presently detected level combination is
identical to a level combination (L, L, H) derived by
shifting the last detected level combination (L, H, H)
by one predetermined rotational angle (30°) forwards
‘according to the reference variation pattern or a level
combination (L, H, L) derived by shifting the same by
one predetermined rotational angle (30°) backwards
(Fig. 3: 17). In the former case, since the combination
of the signal levels is varying according to the
reference variation pattern of fbrward travelling (solid
line arrows shown in the foregoing pattern (I)), it is
determined that the encoder 4 (motor 1) is rotating in

the normal direction, and so, (+1) is added to a



17 rotational angle counter equipped in the controller 3 so as to count up

by one predeterm ned rotational angle [err]. In the latter case, it is
determ ned that the encoder 4 (notor 1) is rotating in the reverse .
direction, and so, (-1) is added to the ro#dtional angle counter so és to
count down by one predetermned rotational angle [err]. If the

above- nent i onedtaptoationsgieecoithterecdquippeficinotael ocoalttraddler Gogt er i S
al ways reserved an accunul ated value of a rotational angle taking [err] as
one unit, anda@ BOsreupt P A¥ganevpredesershnedspotationeic angdeder 4 can
be al so known frgmthe repetition frequency of the count pul ses for

counting up of3fodnt FRgtBBwhatkernraseet At dRafekrgmineduthat the s to be

noted that while the sensing pulses are ner at e by way of exanple, at an
i nterval of [QPFPaFﬁaﬁ R§°§§Gaﬁ)tbsoﬁ8tfgipﬁ op gh@ &YS*8€ on (=[err]), and

th tatignal I i ti ' | 93,3 RN |
Shanars whi cnonreebhdtel pofoBgar (naieda) aned BRCTEe PRy, Hsls
that i ti t t ' : ' I i nt | of
the sensing pEFUBSeEnauARGNCa P e Saten o, oe5p-RRRLEAIARY L0 Che
‘another are gegeLaiffdalNahlye@3ySydescribed preferred enbodi nent,

If the above-mentioned operations are effécted, in
the rotational angle counter is always reserved an
accumulated value of a rotational ‘angle taking 30° ae
one unit, and a positive or negative rotational speed of
the'encoder 4 can be also known from the repetition
frequency of the count pulses for counting up or

counting down in this rotational angle counter. .

It is to be noted that while the sensing pulses are
generated, by way of example, at an interval of 30°
that is equal to one 12-th of one revolution
(=360°), and as the rotational'angular position
signals, 3-phase rectangular wave signals which
alternately repeat H-level and L-level at an interval of
90° that is three times the predetermined rotational
angular interval of the sensing pulses and which are
phase-shifted by 60° with respect to one another are
generated in the ahove-describéd preferred embodiment,

generally, if the predetermined rotational angular



denerally, if the predeterm ned rotational angular 18 interval of the

sensing pulses is selected to be an even nunber (2m fraction of [err], and

as the rotational angular position signals, n-phase rectangul ar wave

signal s=hich alternately repeat H1level and 119 evel at an interval equal

ton tihds the predeterm ned rotational angular interval (360/2m[err] of

t he sensing pul séqtEervadi mf £he sewing Qujaes ldn sediadgtedbito)beran iveh

are phase-shifted by (p.360/2m[err] with regspect 'to one another (where

1[ err] p[ err] (n- LruwReydfdtatfs@ e tiih etHdinAnoRsorthe XtRtARAL angl e

and a rotational speed of the encoder can be effected in .a simlar manner

Lo the above- des ATIBRRR MARH SR SLEPYS HPRIRR RRSHARTHRR R | | ed | 1

“the art. It is, therefare, .pqssi.hle faqr .the recta | ar ve. sl ghal s to be
phase-shifted by s[1eqrnrﬁl.S I"fhlvﬁq} Ialté:eera é;coelayppraerpeenatt t alﬂtevfslmﬁ%d ;ﬂfglong% i hed
rotational angul 4 e [ LSS dS AR AR by sel ecting

t he above-referr ?CP ilﬁt%%lmﬁ%é%erﬁf@?n%%%t er mﬂnr}’t I on I'gir%' control of the

angul ar position %%1:% Vahiég?/ﬁgha,} fiﬂg&mseﬁ y@@;fm)tmeoﬂor@q@rggﬁmg

rotational angular 1n e sensing pulseis [err], 1 n another nore

sinplified enbodigiBfes 2 PNesind af t@INGIE G, Vieasege tadrd Wikl 6, abt einaded y

repeat H | evel and L-level at an

- which are phase-shifted by (2.360/Zg)° with respect to
one another (where 1g p ¢ (n-1) are generated, then
determination of a rotational angle and a rotational
speed of the encoder 4 can be effected in a similar
manner.to the above-described embodiment, as will be
obvious for those skilled in the art. It is, therefore,
possible for the rectangular wave signals to be
phase-shifted by 30°. It will be also apparent that as
the predetermined rotational angular interval of the
sensing pulses is decreased by selecting the

above-referred integer m larger, finer determination and

control of the angular position can be achieved.

" If the case where the predermined rotational angular
interval of the sensing pulse is 30°, in another more
simplified embodiment, 2-phase rectangular wave signals
which alternately repeat H-level and L-level at an
interval of 60° and which are phase-shifted by 30°
can be employed as the rotational angular position
signals by selected n=2. In.thié case, a reference

variation pattern for the combination of the signal



interval of [err] and which are phase-shifted by [err] can be enpl oyed as
the rotational .angul ar position signals by selected n=2. In this case, a
reference variation pattern for the conbination of the signal 19 level s
is as follows: (L, H [err] (L, LJ[err](H I®[err](H H [err] Wile a
principle of the present invention has been described above in conne¥fion
to one preferlevdlentedasedibldbwshe i nvention, all matter contained in the
above description and shown in the acconpanying draw ngs shall be

interpretated to be illustrative and not in a limting sense. 20 d ai ns:

1. A nethod of determ ning_a rotational angle of a rotary body, conprising
the steps of:- (& glderairig, &dEBFE§H§:tg)Eﬁ=3#3 i pattern on an
encoder rotating nghronously with the rotary body® rptational angul ar
position signals iIn Ble-Hormieok cmeicteaids. .0 iic.phasaisqliare waves, and
gener ating sensing

.ﬁiile a principlé of the present invehtion has been
described above in connection to one preferrerd
embodiment of the invention, all matter contained@ in the
above description and shown in the accompanying drawings
shall be interpretated to be illustrative and not in a

limiting sense.

.
’

L



pul ses at predeternined rotational angular intervals of 360/& ﬂ.err]

where mis an integer larger than n and where n is an intege mﬂum”mu”m

gnity'and is an integral divisor of m wherein the angul ar
bet ween~successi ve changes of |evel of each sqtre wave are n(360/ 2m fler £ ;*
. there bé&¥ng a phase-shift, between each said train of square waves and at
~ |l east one other Gldlmsa|n of square waves, of +/- (p.360/2m[err]
respectively, where p is an integer bet ween 1 and (n-1) inclusive; each
sai d sensing pul se being generated inmedi ately after a change of |evel of

one or other of said trains of square waves; (b) detecting a set of |evels,
consi sting of thelresbeEFFbedlﬁgtﬁﬁ?ﬁﬁ@bﬂén9e§eF§tBFi€ﬁFﬁgﬁn9}ﬁlﬂg

square waves, in response to each syucg¢essive sensin ul se; (c) for each
pair of successi vEOERF¥i R 35§u|§8§9r181§$ BﬁpﬁgPﬂﬁ 8ﬁg set og ?evels of

said n trains of square waves obtained in response to the first sensing
pulse with a reference pattern and deriving two alternative expected sets

of levels of said n trggraeggr§g§ﬁégcp@ ?diﬂ%deofgﬁmﬁﬁg QEatbQFQBrﬁtEB

and a backward rotatlé Ires eac parr
successive sensingnpdhagderC 2BRALLRG EQﬁcﬁﬁBn@Bsh?VﬁthOEhSakthryrQbﬂ%,Of

square

! rotational angular p051t10n signals in the form of n
trains of n-phase square waves, and generating sensing
pulseé at predetermined rotational angulér intervals of
360/(2m)°, where m is an integer larger than n and where
n is an'integer larger than unity and is an integral
divisor of m; wherein the angular intervals between
successive changes of level of each square wave are
n(360/2m)°; there being a phase-shift, between each said
train of square waves and at least one othar said train
of square waves, of +/- (p.360/2m)’ respectively, where
p is an integer between 1 and (n-1) inclusive; each said

sensing pulse being generated immediately after a change

/ of level of one or other of said trains of square waves;

(b) detedting a set of levels, consisting of the
respective instantaneous levels of said n trains of
square waves, in response to each successive sensing

pulse;

(c) for each pair of successive sensing pulses,



e
waves obtained in response to the second sensing pulse with said two

“‘“H‘Mﬂllmmﬂmct ed sets of levels of said n trains of square waves; (e)

|‘ i"on i ndicates an abnornmality, in that the set of |evels of
said rr tMai ds of square waves obtained in Résponse to the second sensing
pul se accords with neither of said two alternative expected sets oférﬁvels
of said n tratompariaguahe setesf jewmelat bfigsabdabnbrednst pwfakanare gnal ;
and (f) in the event of no abnormality, adding (+1) or (-1) to a rotational
step count er wavegaohtadnedr dinorebnokremr dor shet fomak sesgingdpudsed by the
conparison to have occurred. 2. A nethod of determning a rotational angle
of a rotary bBdfh BowpfrsPnget RatseEpsapf: deriviag( kyogap&eanadd veaccor di ng
to an encoding pattern on an _encoder rotatiagazénchronously with the rotary

body, rotati oRfZPeSkEEI 8PLEoSE 18VeipyRE 8ol rpins, Of Faupxen¥yages

n- phase square _waves, _and_.generating.sensin ul ses._at pr.edetermne
rotational an3fFaf %ﬂf@?ﬁ&l§°§F%§86362ﬁffgrsfa ﬁhSPgiﬁi'g §ﬁgﬁﬁgb | ar ger
than n and wh n_l ' er larger than unity and is an integra

di vi sor of n1S&§BrEF§P%&§k§%§ far intervals between successive changes of

-level of each square wave are

(d) for each pair of successive sensing pulses,
comparing the set of levels of said n trains of square
waves obtained in response to the second sensing pulse o
with said two alternative expected sets of levels of

said n trains of square waves;

(e) if the comparison indicates an ahnormality, in
that the set of levels of said n tﬁains of square w;ves
obtained in response to the second sensing pulse accords
with neither of said two alternative expected sets of
levels of said n trains of square waves, generating an

abnormality alarm signal; and

(f) in the event of no abnormality, adding (+1) or
(-1) to a rotational step counter for each forward or
backward rotational step indicated by the cdmparison to

have occurred.

2. A method of determining a rotational angle of a

rotary bédy, comprising the steps of: -



n(360/2n) ; there being a phase-shift, between each said t{Rim

waves and at |east one other said train of square waves, omllnlmlum @,ﬂ““, '
4%/ -(360/2m[err] respectively; each said sensing pul se being generateds +

i n'tredi ately after a change of level of one or 2@t her of said trains of
square weves; (b) detecting a set of levels, consisting of the respective
i nst ant aneous | evel s (af) geng@ratingi naceordingr §onaneenciodings patdenm avach
- successi ve sensing pulse; (c) for each pair of successive sensing pul ses,
conpari-ng the segnofencoders rotatiing § YNCHLORONElyqWALE FRee FOSRETY hodyin

response to the first sensing pulse with a reference patterrn and deriving
two alternative EofetioMmade @Ryl areposd tdons gignals, é‘tinné‘&f r%&ﬂ'a Raves

for a forward rotational step.,and a backward rotational

respectively; (dfFedmSedh aN28s 8&3@5@5&’\7@3%@%@%”?&%‘%9@%%‘591% t he
Second seni ng pRGESH A PERNRIIN e bciarek dTRHANS 34,
SR S Of AR gl e W SRR 30Boe RS Hha, wnore
n is an integer larger than unity and is an integral
divisor of m; wherein the angular intervals between
successive changes of level of each square waQe are
n(360/2m)°; there being a phase-shift, between each said
train of square waves and at least one other said train

of square waves, of +/—(360/2m)° respectively; each

said sensing pulse being generated immediately after a

change of level of one or other of said trains of square

waves;

(b) detecting a set of levels, consisting of the
respective instantaneous levels of said n trains of
square waves, in response to each successive sensing

N pulse;

(c) for each pair of successive sensing pulses,
comparing the set of levels of said n trains of square
waves obtained in response to the first sensing pulse
with a referénce pattern and deriving two alternative
expected sets of levels of said n trains of square waves

for a forward rotational stép and a backward rotational



|G

- '—/—‘————_ )
obtained in reﬁﬁonse to the second sensing pul se accords with neither of

e

tive expected sets of levels of said n trains of square

g an abnormality alarmsignal; and (f) in the event of no
abnérnhli?y, adding (+1) or (-1) to a rotagBonal step counter for each
forward or backward rotational step indicated by the conparison to Rve
occurred. 3. étepthedpe&tﬂeagﬁnining a rotational angle of a rotary body,
conprising the steps of:- (a) generating, according to an encodi ng pattern
on an encoder rotating synchronously with the rotary body, rotational
angul ar position signals in the formof n trains of n-phase square waves,
and generating seféd)nfor eaghpphissofit spcedesivei aeusiogaprudaes, angul ar
intervals of 360/(2m, where mis an integer larger than n and where n is
an integer | afguparhng thet§etnafi sednlsneégsailddpytsaingf of s@4arei n t he
angul ar interval s between successive changes_of |evel of each square wave
are n(360/ 2m YaVes$; obkaiBedeiRgresBRAE.- §Rj Fhe BRFPABENSEREADGAPYLELAI n of
square waves and. at | east one ,other.said train_of uare_waves, qf +/-2
(3607 2m) [ orr] VL EBCRaLS BWORALFREALAZE BEPRGESENEPERAT: ARCALE: Oy after a

-change of Ievggiafgpge or og?egqggraabgvgg?lns of square waves;

rains

(e) if the comparison indicaﬁes an abnormality, in
that the set of levels of said n trains of square waves
obtained in response to the second sensing pulse accords
with neither of said two alternative expected sets of
levels of said n trains of square waves, generating an

abnormality alarm signal; and

(f) in the event of no abnormality, adding (+1) or
(-1) to a rotational step counter for each forward or
backward rotational step indicated by the comparison to

have occurred.

3. A method of determining a rotational angle of a

rotary body, comprising the steps of: -

(a) generating, according to an encoding pattern on
~an encoder rotating synchronously with the rotary body,
rotational angular position signals in the form of n

trains of n-phase sqguare waves, and generating sensing



(b) detecting a set of |levels, consisting of the respective instantaneous
| evel s of said n trains of square waves, in response to each successive
sensing. pulse; (c) for each pair of successive, sensing pul ses, conparing
~the set "'of levels of said n trains of square Yes obtained in response to
the fir®¥ sensing pulse with a reference pattern and derjving two
“alternative expe@®@ekBemtat Pre¢qieanined srotatierahsargukartntopvaksfef a

forward rotational step apd a backward rotational step respectively; (d)
for each pair of %‘i&éé&? ve ERPES Nl ’p%l%’ésl,n*ﬁ%%%’ér%?@g?ﬁet 28 5fa1‘%v‘éﬁ‘§rﬁf

said n trains of sggare waves obtfined In response to.the secp ?esen I ng

pul se 25 with Ba¥ ?ﬁnﬁﬁyf%ﬁﬁa TV Expett s .sa%ﬁ *%v%?sl% Y n
trains of square yayes..(g¢ 4f &Q%r&fﬂpéﬁ Sgg%ﬁfgfCfﬁ@ér%%%@bﬂ@%@?%hty’ In

that the set of |Ievelrs of sard n trarns o are waves ai ne

response 10 the SEconds 5081 SaflibsCoRCEAEE Ut el §Sir8! wkdh labyo

alternative expected sets of I's of said n trains of square waves,
generating an abng(s8bjix) & 2EResé Upéingaddphasdelidhi Fe, cHEtire®h H8ch said

abnormality, addiTig (+1)Tor (-1) to a rotational step counter for each

forward or train of square waves and at least one other said train
of square waves, of +/-2 (360/255°; each said sensing
pulse being generated immediately after a change of

level of one or other of said trains of square waves;

(b) detecting é set of levels, consisting of the
respective instantaneous levels of said n trains of
square waves, in response to each successive sensing .

pulse;

(c) for each pair of successive sensing pulses,
comparing the set of levels of said n trains of square
waves obtained in response to the first sensing pulse

< with a reference pattern and deriving two alternative
expected sets of levels.of said n trains of square waves
for a.forward rotational step and a backward rotational

step respectively;

(d) for each pair of successive sensing pulses,
comparing the set of levels of said n trains of square

waves obtained in response to the second sensing pulse



backmarﬁw‘il nal step indi~cated by the conparison to have occurred. 4. A

“ | Ining a rotational angle of a rotary body as claimed in any
wherein said conparing step further conprises a step of '

conparing a variation pattern of a conbi naggon of detected n Ievels*mnth a’
previously stored variation pattern of a conbination of |ast detectt

| evel s and, '&ﬁﬁeya@aeweeaitseha\eme sﬁﬁeceeaeaetseaer %beﬂ?aefabnorm'
alarn15|gnal 5. A nethod of determning a rotational angle of a rotary

body as clalngglannctgaﬂhg o2, sQuagkaavédsgependent upon claim1l or 2;

wherei n sai d sensing pul ses 2 6 are generated at an interval of 30 . :
degrees (n¥6) of the rotation of said encoder, and 3-phase rectangular wave |
signals which alternately take a high | evel and a low | evel at an interva

of 90 degrees thafledsifhtbe tomperggodcindicatesd ahi ehnarmaphiye- ¢hi fted by

30 degrees with respect to one another, are generated as rotational angular
posi tion signthat &! eAﬁﬁﬁtnﬁdlsveéétQﬁnﬁﬁiﬂgnatréia§|Qﬁaﬁquﬁgbewbwea rotary

body as clainmed in claim1, 3, or. claim4 dependent upon claim1 or
wher ei n sai d Qbﬁéiﬁgdpﬁps€§539§3§eﬁ8r§Pédsaﬁ°éﬁ FﬁPéFF&IPHFSSanéeﬁﬁés

(e f th
(mee) of the with neither of said two alternative expected sets of

levels of said n trains of square waves, generating an

abnormality alarm signal; and

(f) in the event of no abnormality, adding (+1) or
(-1) to a rotational step counter for each forward or
backward rotational step indicated by the comparison to

have occurred.

4. A method of determining a rotational angle of a
rotary body as claimed in any preceding claim, wherein
éaid comparihg step further comprises a step of
comparing a variation pattern of a combination of
detected n levels with é previously stored variation
pattern of a combination of last detected n levels and,
if they are identical with each dther, generating an

abnormal alarm signal.

5. A method of determining a rotational angle of a
rotary body as claimed in claim 1, 2, or claim 4

‘dependent upon claim 1 or 2; wherein said sensing pulses



rotation of said encoder, and 3-phase rectangul ar wave si
alternately take a high IeveI and a low level at an inter @ Wm &fm
that is three times 30 degrees and which are phase shifted+ yc

with respact to one another, are generated as Bt at i onal angul ar p03|t|on
si gnal s™7. An appar at us f or determning a rotational angle of a rotary

- body, conprising:areayenaraheddat adapntervall afrafgdegreesof{mes) of the
ssynchronously with the rotating body for generatin according to an '
~encodi ng pattern Batagianeftosaid PBF@@PBnaﬁnﬁnéupgﬁsﬁo§¢FFBﬁgglgnaW§VEn

the formof n trains o£ ﬁgase fguare ves, and for generatlng
sensing pul ses atShPBRALE VAT B2} BEERREALY BAKE| arhighet §%pL 8P 3BO;PZn) ,

ﬁﬂ?[i et o an" FRER HRE 3R 48 Qa?afn S5na . indrngs aﬂge.{:‘afg-eﬁp%‘%%g {ne?"
; i v Y 2 ;
D T noc eS| ¥ 80°8R8PERs Mhnayhl B 2E8 PnaBYELR1 BRLE BL°8 deGraTL o )
| east one other saj gyt Laggeeé gsuaas LRYEher? afg ?éﬂﬁg@é&";;e%kamﬁal

respectively, where p eger ween ncl usi ve,
sai d sensing pulsgngglgg gggfggggdsigagggately after a change of |evel of
of

one or ot her
6. A method of determining a rotational angle of a
rotary body as claimed in claim 1, 3, or claim 4
dependent upon claim 1 or 3; wherein said sensing pulses
are generated at an interval of 30 degrees (m=6) of the
rotation of said encoder, and 3-phase rectangular wave
signals which alternately take a high level and a low
level at an interval of 90 degrees that is three times

- 30 degrees and which are phase-shifted by 60 degrees
with respect to one another, are generated as rotational

angular position signals.

N 7. An apparatus for determining a rotational angle of a

rotary body, comprising: -

(a) . an encoder adapted and arranged to rotate
synchronously with the rotating body for generating,
according to an encoding pattern on said encoder,
rotational angular position signals in the form of n

trains of n-phase sgquare waves, and for generating



" said tralns of guare waves; (b) detection neans for detecting a set of
mﬁm “&I“W@!ﬁ!ﬁng of the respective instantaneous |evels of said n trains
in response to each successive sensing pul se; (c)
|deﬁt|¥|cat|on means for identifying the eXpected sets of levels of£8aid n
trains of square waves by, for each pair of successive sensing puIs%S“
conparing thesewinf pelsts af predetermined oétatienal wvangslabt ai ned in
response to the first sensing se with a reference pattern, and deriving
two alternat ihntexval xpicl e/ &ﬂls ofvhexe|m ¥ anjintegeni hargérsquare
waves for a forward rotational step and a backward rotational step
respectivel y;than s agg mrﬂnbs reRnshEegeE ohpEgeRgthae dRityfandvel s of
said n trains, of square obtalne i n re onse to the second sensing

pul se with sai®l 3ot BFIEF F%‘i’be‘& B s‘é‘? n|the | angrlanid n trains of
T The compartaEtETHER e a%i %@%%giié‘f{?;éﬁ%%?b : eg%i eteaehi s O
a1 a1 e 0GR A D) BB LS ER PRy BRRESRALeEE T
of said n tra\ds,oin SE4EH 6 ¥PY CErafilof square waves and at least one
other said train of square waves, of +/- (p.360/2m)°
respectively, where p is an integer between 1 and (n-1)
inclusive; each said sensing pulse being generated
immediately after a change of level of one or other of

said trains of square waves;

(b) detection means for detecting a set of levels,
consisting of the respective instantaneous levels df
said n trains of square waves, in response to each

successive sehsing pulse;

(c) identification means for identifying the
expected sets of levels of said g't:ains of square waves
by, for each pair of successive sensing pulses,
comparing the set of levels of said n trains of square
waves obtained in response to the first sensing pulse
with a reference pattern, and deriving two alternative
said expected sets of levels of said n trains of square
waves for a forward rdtational step and a backward

rotational step respectively;

L



(f) a rotational step counter to which, in the event of no
(+1) or (-1) is added for each forward or backward rotation mﬁgull”ml"l“l
nespeétively i ndi cated by the conparison nmeans, gt 0 have occurre

apparatis for determining a rotational angle OP a rotary body, conprising:-

‘ercod d d.and d h s|
Lot ating body T or aé,’éﬁer SePRg=ziodomaPRg £0tas 3%3%&%%3% kel ok, Lagegs
encoder, rotation ul ar, 05|t| n SI nals in_th m.of, _n _trains of
o hace square WBTeESIEng FFALRE,SEaP §reeﬁ’a*'ﬁ5 Sheeln 1y resBotae e
rotational ~angul af o BLELKY e%tn%]%%&&@u Sith WIQ" €Y a3 t¥RdaiGQer |arger

than n and where n.is$ an n eger er than unity and is an 1 ntegral

di visor of m Wfl%&gsb%trehe sR2gu 1@%&@@:5 sRERCR XA HECDF SR Vv ed;
| evel of each squafe wave are n(360/2 ; there Peing a phase-shift,

bet ween each said train of square maves and at | east.one other said train
of square waves, of +/- (360/2m[err] respectively; each said sensing pul se

bei ng generated i Mmediedt ghiyynalt GleansC fH10Yetiedatitly @n @bhovmaliifter alfarami d
trains of square waves; (b) detection neans for detecting a set of |evels,

consi sting of thcirgam[led.tﬂ the roimpaiziseoy d ndd\walteso fans akharmalditys iof
square waves, in response to each
that the set of levels of said n trains of square waves
obtained in response to the second sensing pulse accords
with neither of said two alternative expected sets of

levels of said n trains of square waves; and

(f) a rotational step counter to which, in the event
of no abnormality, (+1) or (-1) is added for each
forward or backward rotational step respectively

indicated by the comparison means to have occurred.

8. An apparatus for determining a rotational angle of a

rotary body, comprising: -

(a) an encoder adapted and arranged to rotate
synchronoﬁsly with the rotating body for generating,
according to an encoding pattern on said encoder,
rotational angular position signals in the form of n
trains of n-phase square waves, and for generating
sensing pulses at predetermined rotational angular

intervals of 360/(2m)°*, where m is an integer larger



successi ve sensing pul se; (c)- identification neans for identifying the

| evel s of said n trains of square waves by, for each pair

H ﬂﬂ“ml{gﬂ{m nsing pul ses, conparing the set of levels of said n trains,
ef squard@ waved obtained in response to th@9%irst sensing pulse with a
reference pattern, and deriving two alternative said expected sets &t
| evel s of sai ¢hant naend whezquar éswancintegexr Llargerdthamatinminy atidep and a
backward rotational step respectively; (d) conparing neans for conparing
the set of |euel an ingegralsdigisorr aifng: oWwhegeine they engsdaai ned in
response to the second sensing pulse with said two alternative expected
sets of |evel $nspryalg Retwaenssyrceggave whenges(Of dieyed ofemesh or
generating an abnormality alarm_signal ,if the conparison indicates an

abnormal ity i RIUAXE WRAYSsEFeR(BEMLRR)oF Lhege beiggnd phasqrshd ffaves
obtained in rﬁsgonse to the gggggﬁ.sen ingipulse accord mﬁtg nei.t her of
said two Sl E](ca REVPPE ER5 lls@ t 8 e FEVE TS VEI°E ﬁt &t eglstfs(ﬁ%ﬁ'e
waves; an ro 40 r ich, .i evento of no
abnormality, %$%frb%%?§1?§5%%a§§e%%ﬁ%%%egé%e Or%ng/gr Eg%ké%pd rotationa
step respecti ygbyebRdieaisd dhbnt B5150 TR Y RS el P RS IS

immediately after a change of level of one or other of

said trains of square waves;

(b) detection means for detecting a set of levéls,
consisting of the respective instantaneous levels of
said n trains of square waves, in response to each

successive sensing pulse;

(¢) identification means for identifying the
expected sets of levels of said n trains of square waves
by, for each pair of successive sensing pulses, |
comparing the set of levels of said n trains of square
waves obtained in response to the first sensing pulse
with a reference pattern, and deriving two alternative
said expected sets of levels of said n trains of square
waves for a forward rotational step and a backward

rotational step respectively;

(d) comparing means for comparing the set of levels



g. An apparatus for determning a rotational angle of a rotar bod
conprising:- (a) an encoder adapted and arranged to rotate s m mjﬂm‘! l”“‘
with the rotating body for generating, according to an encodl

said entoder, rotational angular position sigréfls in the formof n trains

of n- pheee square waves, and for generating sensing pul ses at predeterm ned

rotational angul ajf igdid \tltraiins3 @Y (s4fQd s Maveshrralned am i REsAURisd afger
than n and where n is anTnteger |larger than unity and 31 is an integral

di visor of m wheghsd nsddondarsrising mwrse v tietasdeh two cassamatoihsages of

| evel of each square wave are n(360/2m[err]; there being a phase-shift,

bet ween each sai cexpedtedfsetpiak exeds afl said gudiraims haquarel wavesy -
of square waves, of +/- 2(360/2m[err]; where p is an integer between 1 and
(n-1) inclusive; each said sensing pulse being generated i medi ately after

a change of level of one or other of sald trai ns of square waves; .éb

det ection means for de@kAiRpl Reans IR ganerating & rﬁ}”&ﬂr‘?ﬂé“? s%’é?:ﬂ‘ve

i NSt ant aneous Ievels f sai n trains, of s uar e waves, i,n res e Io each
successi ve sensi ritf OJseiP(% © | RNRITHEOR tRE A aRpeRT #‘yir

that the set of levels of said n trains of square waves
obtained in response to the second sensing pulse accords
with neither of said two alternative expected sets of

levels of said n trains of square waves; and

(£) a rotational step counter to which, in the event
of no abnormality, (+1) or (-1) is added for each
forward or backward rotational step respectively

indicated by the comparison means to have occurred.

9. An apparatus for determining a rotational angle of a

rotary body, comprising: -

(a) an'eﬁcoder adapted and arranged to rotate
synchronously with the rotating bodf for generating,
according to an encoding pattern on said encoder,
rotational angular position signals in the form of n
trains of g-phase square waves, and for generating '
sensing pulses at predetermined rotational angular
intervals of 360/(2m)°, where m is an integer larger

than n and where n is an integer larger than unity and



i

reference pattern, and deriving two alternative said expected sets of .

| evel s of said n trains of square waves for a forward rotational st&®and a

| evel s of said n trains of square waves by, for each pair
sing pul ses, conparing the set of levels of said n trains
btai ned in response to the first sensing pulse with a’

backward rotajsogal iategraesaseisyel ¥r ) we€PRLAI BHe"BAGALEPr conparing

the set of

| evel s of said n trains of sGuare waves obtained in response to

the second sepAtegvals Sbetwéénsgudcesdiabt ehangeycofxpevebdosebachl | evels
of said n trains of square waves; (e) signal neans for generating an

abnornmal ity atquareigame atet h¢360/Pm) sobhendi bairg anphaserghiifty in t hat

the set of |evels
t he second sehetwgepueschasabddtrainhofiesghareowavesdandoatl Leaatt one
expected sets of
rotati onal stephesufetf tzakni ef sauarpevaves: of mé~aRhdpR¥RmMIY; (+1) or

(-1

i's added for

of said n trains of square waves obtained in. response to
| evel s of said n trains of square waves; and Sf) a

each forward or backward rotational step_respectively

i ndi cat ed by YReXeoBpkfi 8BniREager: BeRUeeN L cARRAR-1). 1 ABPHFAVES for

det er mi ni ti ogal le of t bod laimed in claim?7, 8 or
9. wher ei n saPBCBoRALA: REARLAAsPREFeLBRI g BPPeratad daneaialelyaring a

after a change of level of one or other of said trains

of square waves;

(b) detection means for detectihg a set of'levels,

consisting of the respective instantaneous levels of

saiad

n trains of square waves, in response to each

successive sensing pulse;

(c) identification means for identifying the

expected sets of levels of said n trains of square waves

by, for each pair of successive sensing pulses,

comparing the set of levels of said n trains of square

waves obtained in response to the fi:st sensing pulse

with
saia

a reference pattern, and deriving two alternative

expected sets of levels of said a trains of square

waves for a forward rotational step and a backward

rotational step respectively;

(d) comparing means for comparing the set of levels

of said n trains of square waves obtained in response to

4



variation pattern of a conbination of detected m |evels &;;EQE‘EFEVTBE§TV‘-
stored variation pattern of a conbination of |ast detecte?”wmuﬂ Lf
they are identical with each other, generating an abnornmalis W"mmr!”"l
11. Apparatus for determining a rotational anglpe of .a rotary body as s " &
cl ai medwn claim 7, 8, or-claim10 dependent upon claim?7 or 8; wherein

said generati ng +neMeaabea® IR phil SUCHAH Bl LwaCBIEAGAIthGRS al an

i nterval of 30 degrees (nN¥6) rotation o enco 3- phase

rectangul ar wave g3l Rdled Wahsh ol 1@vaACIoE saka & RirdlnsCbd s A0 WalvRls!
at an interval of 90 degrees that is three tinesT30 degrees and which are

phase-shifted by 30 degrees with respect to one another, are generated as
rotational angular position signals. 12. Apparatus for determ ning a

rotational angle of Fe)odghaloteans FTod FRherating @Hn/ abhormalitsl aLALk)
dependent upon claim7 or 9; wherein said generating nmeans is adapted to
generate sai d sesdigmplpulfs eheatcompariseny dindifcat@sdagy adbnorm@l idly time
rotation of said encoder, and 3-phase rectangul ar wave signals which
alternately takethat dhe oedl afndeveds ofclsadid an tingdasy 9f siquadred wawass
that is three tines 30 degrees and which are phase-shifted by 60 degrees
with respect = obtained in response to the second sensing pulse accords
with neither of said two alternative expected sets of

levels of said n trains of square waves; and

(f) a rotational step counter to which, in the event
of no abnormality, (+1) or (-1) is added for each
forward or backward rotational step respectively

indicated by the comparison means to have occurred.

10. Apparatus for determining a rotational angle of a
rotary body as claimed in claim 7, 8 or 9; wherein said
comparing meané'further comprises means for comparing a
variation pattern of a combination of detected n levels
with a previously stored variétion pattern of a |
'combinatiﬁn of last detected n levels and, if they are
identical with each other, generating an abnormal alarm

signal.

11. Apparatus for determining a rotational angle of a
rotary body as claimed in claim 7, 8, or claim 10

dependent upon claim 7 or 8; wherein said generating



i

for determ ni
descri bed he

are generated.as rotational angular position signals. 13. A

'ning a rotational angle of a rotary body substantially as
rekn with reference to the acconpanying draw ngs. 14. Apparatus
ing a rotational angle of a rotzgy body substantially as,
rein with ref'erence to the acconpanyi ng drawi ngs: QJ

means is adapted to generate said sensing pulses at an
interval of 30'degrees (m=6) of the rotation of said
encoder, and 3-bhase rectangular wave signals which
alternatély'take a high level and low levél at an
interval of 90 degrees that is three times 30 degrees
and which are phase-shifted by 30 degrees with respect
to one another, are generated as rotational angular

position signals.

12. Apparatus for determining a rotational angle of a g;,

rotary body as claimed in claim 7 or 9, or claim 10
dependent upon claim 7 or 9; wherein said generating'
means is adapted to generate said sensing pulses at an
interval of 30 degree {(m=6) of the rotation of said
encoder, and 3-phase redtangular wave signals which
alternately take a high level and low level at an
interval of 90 degrees that is three times 30 degrees
and which are phase-shifted bf 60 degrees with respect
to one another, are generated as rotational angular

position signals.

13. A method of determining a rotational angle of a
rotary body substantially as described herein with

reference to the accompanying drawings.

14. Apparatus for determining a rotational angle of a
rotary body substantially as described herein with

reference to the accompanying draﬁings.

|



