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This invention relates to a signal processing
apparatus for generating an interpolation signal of
resolution higher than the period of a periodic signal
and a position detecﬁing apparatus using the same, and
more particularly to a signal interpolation apparatus
using sine and cosine wave signals generated iﬁ
conformity with displacement from an encoder or the
like to obtain resolution higher than the period
thereof, in other words, shorter than the fundamental
pericd, and can be well aéplied particularly in—fhe
field of precise position measurement énd precise
position control. |
Related Background Art

An.example of the conventional art'is shown in
Figure 1 of the acéompanying drawings. In Figure 1,
sine and cosine wave signals generated in conformity
with'displacement from an encoder or the iike are -
con&erted into a rectangular wave of a frequency higher '
than the fundamental period of the sine wave signal by
the use of a phase digitizer 21 for quantizing the sine
and cosine wave signals in conformity with the phase

angles thereof. From this signal, a count up pulse and

—
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to'a.signal I nt er pol ati on apparatus using sine and cosSine wave signals
generated in accorddance with the displacenent by an encoder or the like to
obtain a resol ution higher than <-the period, t her eof ,-«i n-et her words,
shorter than the fundanentah perlodr Thi sr paraius canrbe used in the
fields of precise position measurenment: and .precise posrtan control.
Rel at ed Background Art '

a count down pulse are produced by an up/down pulse

output circuit 22, and these are integrated by an

up/down counter circuit 23, whéreby a positional signal

is outputted. As the phase digitizer 21, use can be

5 made of one having a construction as shown, for
example, in Figure 2 of the accompanying drawings.
As another example of the prior art, the

construction described in Japanese Laid-Open Patent

Application No. 54-19773 is shown in Figure 3 of the

LR

10 accompanying drawings. In Figure 3, sine and cosine
signals are first intrdduced as digital values into a
microprocessor 34 by an A/D converter 31, the ratio
between the wvalues is found and the inverse tangent
value thereof is calculated, and an interpolatiqq

15 process for_ finding the phase angie of the sine wave is
carried out. Also, in parallel with this process, the

' sine and cosine signals are compared with OV by a
comparator 32 and are thereby converted into a
rectangular wave, whereafter as in Figure 1, é count up

20 pulse and a count down pulse are prﬁducéd by an up/down
pulse output circuit 33, and these are integrated by an
up/down counter circuit 35, and the fundamental wave
frequency of the sine wave sigpal is counted.. These
are synthesized by a microprocessor 34 to thereby

25 obtain positional information.

In the conventional art shown in Figure 1, when

particularly the interpolation number is great and
-__FT
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An-exartpl’e of the conventional art is shown in Figure 1, of the
acconpanying drawings. In Figure 1, sine and cosine wave signals generated
i n accordance with displacement by amr enceoder or ther-kikerare converted
into a rect-angul ar wave hauviing a freqqency-hqgher thaanhe f undanent al
frequency of the sine wayve signaf. by the bge of a ph@ge Q|g|t|zer 21 for
quanti zing the sine and cosi ne wave signals in accordance with the phase
angl es thereof. From

highly accurate position detection is tq'be effected,
the circuit scale of the phase digitizer.becomes great
inwproportion to the interpolation number. For
example, in the construction of Figure 2, the same
5 number of comparators as the interpolation number
becoﬁes necessary and particularly, it is not realistic
to digitize to 1/100 or smaller. Even if this problem
is solved at all, the maximum response frequency of the
up/down countér in the post stage of the phase
10 qigitizer is limited and therefore, i£ becomes
impossible to highly accurately find the position of an
object which is moving at a high speed.
The example of the prior art shown in Figure 3
intends to solve the above-noted problem to a certain
15 degree, and an interpolation portion and a fundamental
wave frequency‘counting portioh are separated from each
other to thereby provide pqrallel conééfuctions,
whereby even if the interpolation number is great, the
S circuit construcfion can be made small aﬁq moreover,
20 the positiéon of an object moving at a high speed can be
detected highly accurately.

- In the construction of Figure 3, however, Fhe A/D
converting portion. and the phase digitizing portion
operate in parallel and therefore, their operations

25 ‘must be executed completely in synchronism with each
other, and even when only slight shift in time has

occurred, there has been the possibility that mismatch
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t hi-s sianal, a count up pulse and - -2- a count down pul se are produced by
an up/down pul se output circuit 22, and these are integrated by an up/down
counter circuit 23, whereby a position signal s outputted. As for
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occurs to positioned information obtained from each
portion. In such cése, there is the possibility that
positional information momentafily having a great error
is outputted and for example, in a case wﬁere a servo

5 system is constructed by the use of the detected
positional information, momentarily gréat disturbance
is applied to the servo system, and this has resulted

in the possibility that a fatal problem such as the

collision of a moving object arises. Further, when the

-

e

10 sine wave signal has noise, a similar problem arises and

it has been impossible to obviate this.
Also, it is ideal that the sine and cosine wave

signals obtained from the encoder or the like have
equal amplitudes, but the amplitudes often fluctuate

15 depending on position. Particularly when highly
accurate detection is necessary, such amplitude
fluctuation makes accurate interpolation calculation

impossible, for example, in a portion for finding

S

inverse tangent and therefore, in the aforedescribed

20 éited example, there is proposed a method of correcting
this in a software-like fashion by the microprocessor
34. However, particularly, amplitude correction '
generally involves multiplying and dividing_processes-
and therefore, the load of the microprocessor applied

25 thereto is great, and for example, when the same
pfocessor is used for the control calculation of the

-
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t he phdse digitizer 21, use can be.nmade of one having a construction as
shown, for exanple, in Figure 2 of the-acconpanying draw ngs. As anot her
exanple of the prior art;. the constructi op descr.i bedfprdapanese Lai d- Open
Patent Application No. 54-- 19773 ‘st shewh; i Figure’3, pf-the acconpanyi ng
drawings. In Figure 3, sinetand. gqsine signdl s .are copverted into digital
val ues by an A/D converter 31 and input into a

servo system, this becomes an overhead and it becomes
impossible to secure the control period short. It is
poséible to prepare a table or the like and curtail the
amount of muitiplication and division, but in such

5 case, the greater is the interpolation number, the
larger becomes the capacity of the table, and it

becomes impossible to effectively utilize a memory.

f'"- SUMMARY OF THE INVENTION
) 10 In view of the above-noted disadvantage peculiar
to the conventional art; it is an object of the present
invention to provide a highly reliable signal
processing apparatus, a position detecting apparatus
and a driving device which can make a circuit
15. construction small even if the interpolation number is
great, and whicﬁ'can detect a periodic signal highly
accurately and can further prevent thé occurrencé-of an
error resulfing from the influences of the mismatch,
L noise, etc. of information.
20 It is a further object of the present invention to
provide an apparatus which can easily correct any
amplitude fluctuation without increasing the load of a
processor or the like.
It is still a further object of the present
25 invention to provide an apparatus which can’ confirm
that the operation of a phase digitizer is normal.

One form of the signal proéessing apparatus of the
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m cr oprocessor 34, wherein the ratio between the values is found and the-
I nverse tangent val ue thereof is calculated, and an interpol ation process
for finding the phase angl e, of the si-ne Vave | 5« carrled out,. Also, in
parallel with this processr the Slﬂe and .cosirne signal & are compared with
OV by a conparator 32 and arg thereby converfed into avrectangular wave.
Thereafter, as in Figure "1, a counf up pul Sé and“a countdown pul se are
produced by an up/down

present invention for aéhieving thé above objects is a
signal processing apparatus for processing first and
second periodic analog signals having the same pefiod
and having a fixed phase relation therebetween,

S5 characterized by digitizing means for converting the
first and second periodic analog signals into first and
second digital signals in conformity with the
respective amplitudes thereof, signal generatiﬁg means

;;5 responsive to the first and second periodic analog
10 signals to generate a signal having a period shorter.
than the period of the first periodié analog signal,
means for outputting the periodicity of the first
periodic analog signal and first phase information of
the first periocdic analog signal from the signal from
15 the signal generating means and processing means for
producing second phase information of the first
periodic analog.signal from the first and second
digital signals from the digitizing means, and
"~ correcting the periodicity from the outpﬁt'means on the
20 basis of the first phase information and the second
phase information.

A preferred form of the resolution of thghfirst.
phase information is characterized in that it is iower
than that of the second phase information.

25 | A preferred form of said processing means is
characterized by means for comparing the firsf phase

information and said second phase information with each

—_—
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pul se output circuit 33. These are integrated by an up/down counter circuit
35, and the frequency of the sine wave signal is counted,
which is synthesized by-a nlcropwocessor 34 to obt ai-n _pesktional
information. In the convenblonal.ast.shﬁmn in #igun i,--when the

I nt er pol ati on nunber is. great and Thh Is the replacenent sheet Date: 2 8

JUL 1997 reoe
other.
A preferred form of said processing means is

characterized by means for synthesizing said corrected
periodigity and said second phase information.

5 Further, a preferred form of said signal
processing apparatus is characterized by means for
adjusting the amplitudes of said first and second
periodic analog signals on the basis of said first and

- second digital signals.

o 10 One form of the displacement detecting apparatus
of the present inventioﬁ is an apparatus for detécting
the displacement of an object by thé use of first and
second periodic analog signals generated by the
displacement 6f the object, having the same period and

15° having a fixed phase relation therebetween, i
characterized by:
digitizing means for converting séid first and
second periodic énalog signals into first and second

G digital signals in conformity with the respective

20 amplitudes thereof, éignal generating means responsive
to said first and second periodic analog signals to
generate a signal having a period shorter than the
period of said first periodic analog signal, means for
outputting the periodicity of the first periodic analog

25 signal and first phase information of first periodic

analog signal from the signal from the signal

generating means and processing means having means for
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-3, highly accurate position detection is required the circuit scale of the

phase digitizer increases in proportion to the interpolation nunber. For

exanple, in the construction of ftgure 2, the sape nurher--of conparators as
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producing second éhase information of the first

periodic analog signal from the first and second
diéital signals from the digitizing means, ana
correcting the periodicity from said output means on

5 the basis of the first phase information and the second
phase informatioh, and means for synthesizing said
corrected periodicity and the second phase informafion

and outputting the displacement information of an

o object.

o
o

10 A preferred form of the resolution of the first
phase information is chéracterized in that it is lower
than that of the second phase information.

A preferred form of said prodessing means is
characterized by means for comparing said first phase

15 information and the second phase ;nformation with each
other.

Further, a preferred form of the displacement
detecting apparatus is char§cterized by means for
adjusting the amplitudes of the first and second

20 periodic analog signals on the basis of said first and
second digital signals.

A preferred form of the processing means is-
characterized by means for detecting the monotonicity
of the first phase information sequentially inputted.

25 The signal processing apparatus of the present
invention and a displacement detecting apparatus using

the same will hereinafter be described in detail with
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i Nt er pol ati on nunmber becomes necessary and parthuIarIy, It I's not
realistic to digitize to 1/100 or smal'ler. Even if this problemis sol ved,
t he maxi-num r esponse fnequency of t-he uphdown counter t#-4he post stage of
the phase digitizer is Ii-Atted. and therg{one i t beponesflnp033|ble to
detect highly accurately tﬁe p05|h|on ofe an object mh1ch 1S nmoving at a
hi gh speed. The exanpl € of "the" pfi 6f art Shown 'in Flgure 3 intends

respect to some embodiments thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an illustration of an example of the
5 prior art.
Figure 2 is an illustration of an-example of the
prior art.
Figure 3 is an illustration of an example of the
prior art.
10 | Figuré 4 shows a first embodiment of the present
invention.
Figure 5 is a chart illustrating the first
embodiment of the present invention.
Figure 6 is a diagram illustrating a second
15 embodiment of the present invention.

Figure 7 is a diagram illustrating a third

~
AY

embodiment of the present invention.

Lo :

DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 A first embodiment of the present invention is
shown in Figure 4. 1In Figure 4, the reference numeral
1 designates.an A/D converter with high resolution for
converting an analog signal obtained from an encoder 35
and recéiving as an input an analog signal varying in a

25  sine and cosine wave fashion for the displacement of an
object into a digital signal. The A/D converter 1 is

of resolution of 12 bits and attaches importance to
—_—
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.t0.solve the above-noted problemio a certain degree, and the interpol ation
portion and the fundanental frequency counting portion are separated from
each other to provide, parallel construction, whereby-even-if the

i nterpol ati on nunber is great the CI rrcuu, C’OI’IStI’UCt’I on fcan be nmade snal |
and noreover, the position ef an: obg ect noving at a h| gh §peed can be

det ect ed hlghly accurately. I'n the construction of Flgure 3, however, the
A'D

accuracy and resolution, and operates at a relatively
low spééd and does not respond to an input signal of a
hiéh frequency. The reference numeral 2 denotes a
phase digitizer which, like the A/D converter 1,
5 receives as inputs sine and cosine wave analog signals
obtained from the encoder 5, but attaches importance to
a high speed and is of low resolution. The phase
digitizer 2 is of resolution of 3 bits, and the period
o of the output signal thereof is shorter than the period
? 10 of the signal inputted thereto. The reference numeral
3 designates a high speed signal processing portion
which has the output of the phase digitizer 2 as an
input and outputs the periodicity of the sine wave
signal, i.e., the number of the fundamental waves of
15 the sine wave, and a logical signal which becomes 1
within a range of 0° to 180° of the phase of the sine
wave and becomes 0 within a range'of 180° to 3601. The
reference numeral 4 denotes a signal p;ocessing portion
- for receiving the outputs of the A/D converter 1 and
20 the high speed signal processing portion 3 and
effecting the signal processing of producing final
positional information. A digital signal processor
(DSP) is used as the signal processing portion 4 to
realize high speed processing. Also, an incremental
25 type encodei is used as the encoder 5 which outputs
sine and cosine waves in ¢conformity with position.

The procedure of these operations will hereinafter
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converting portion and the phase digitizing portion operate in parallel and
therefore, their operations nust be executed' conpletely in synchroni sm

w th each other, and even when only sl ighf-=shjft in_tipe-has occured There
is a. pOSSIbI|Ity t hat nlsnatch Thls rslhhe'replaceneﬂa sheet

r EAER r~ e r- re trr‘

be described in succession.
The sine and cosine wave signals outputted from
the encoder 5 are first inputtéd to the A/D converter 1
and are outputted as digital values SINX and COSX of 12
5 bite each. At the same time, these sine and cosine
wave signals are inputted to the phase digitizer 2,
which thus outputs digital data M of 3 bits which
become 0 when the phase angle of the sine wave signal
ﬁ}; is 0 and which increases by 1 auring each 1/8 of the
10 period of the sine wave signal. That is, 360° of one
period is divided into eight areas, and phase data
digitized in the order of 0, 1, 2 counter-clockwisely
from the first quadrant are allotted thereto. The high
speed signal processing portion 3 receives this output
15 é, and integrates +1 when M varies from 7 to O, and
integrates -1 when M varies from O to.7, and outputs
the periodicity N of the obtained sine wave signal. At
the same time, it outputs a logical signal PH which
" becomes 1 when M is within a range of O tb_é, and
20 becomes 0 when M is within a range of 4 to 7.

Such a construction in which the portion for
counting the periodicity of the fundamental wave is
endowed with redundancy to thereby obviate wrong
counting caused by pulse noise or the like is a feature

25 of the present invention.
In the DSP 4, by the use of SINX, COSX, N and PH.

obtained by the above-described procedure, positional
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-4- occurs between position information obtained fromeach portion. In
such case, there is the pOSSIbI|Ity t.hat positional |nformation nmonmentarily
having a great error is:- @ut utt édc -For exanpl€, -in & case where a servo
Systemis constructed to use the- detee{éé p93|t|ona1r4mfornat|on and a
nonentarily great disturbanee i-s-apptied t@ the-servo -

information is produced by a procedure shown in the
flow chart of Figure 5. That, the phase angle ¢ of the
siﬂé wave signal is first calcﬁlated from SINX and
COSX. This can be obtained by calculating the ratio
5 between the two values, and referring to an inverse
tangent table prepared in advance by-the use of the
obtained value. Next, if ¢ exists in a range of 180°
to 360  and moreover the logical signal PH from the
£ high speed signal processing portion 3 is O, that is,
10 indicates that it is 180" to 360°, it is judged that
mismatch has occurred bétween the data obtained from
the A/D converter 1 and the data obtained by way of the
phase digitizer 2. That is, the judgment standard is
always considered to be the A/D converter 1 side and it
15 can be judged that the wvalue N which ought to increase
by 1 in the high speed signal process;ng portion 3 is
an yet actually incremented and accordingly, in ordgr
to eliminate this mismatch, the%correcting process of
increasing N by-l to thereby provide N' = N + 1 is
20 carried out within the DSP 4. If conversely to this
case, ¢ exists in a range of 180° to 360° and moreover
the logical signal PH from the high speed signal
processing portion 3 is 1, that is, indicates that it
is from 0° to 180", it is judged that 1 more has been
25 integrated in the high.séeéd signal processing portion,
and N is subtracted by 1 to thereby provide N' = N - 1.

__________~______.—
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system there is possibility that a fatal problemsuch as the cdllision of
a noving object. Further, when the sine wave signal has noise, a simlar
probl em arises and it has. héen jmposvwi.bl e .tq obviate-thitsr-Also, It is

i deal that the sine and Tasithe mave:stgnﬁés_mbtaiqed,ttonrthe‘encoder or
the |i ke have equal anplitudes, _ huytesheiramplitudes, pften fluctuate
dependi ng on position. Particularly when highly accurate detection is
necessary, :

When these two conditions do not apply, there is no
migpatch between the data obtained fiom the A/D
converter 1 and the data obtaiﬁed by way of the phase
digitizer 2 and therefore, the correction as described

5 above is not necessary and N' = N is provided.
Thereafter, the obtained N' and the phase angle ¢ can
be added to thereby obtain final positional
information.

. By providing the correcting means as described

10 above, there can be constructed-a highly accurate .
position detecting apparatus in which the mismatch
between the data obtained from the signal processing-
portions provided in parallel can be prevénted to
thereby eliminate any momentary detéctiop error and

15 which is stable and moreover can cope with high speed
motion. |

A second embodiment of the present invention is

shown in Figure 6. This embodiment is one which a

-~

/‘...-._.
o,
Neal”

multiplication type D/Alconverter 6 for correcting the
20 amplitudes of the signais from the encoder 5 is added
to the'first embodiment shown in Figure 4;

This embodiment is similar in the basic processing
procedure to the first embodiment, but in this
embodiment, by the utilization of the fact that the

25 digital data obtained from the A/D converter 1 are
always introduced into the DSP 4, the maximum values

and minimum values of the A/D converted data SINX and
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sdch?anplitude fluctuate nmakes accurate interpol ation cal culation
i npossi ble, for exanple, in a portion for finding the inverse tangent.
Therefore, in the aforedesgribed exanple, there, is progéséd a nethod of
correcting this in a softwgre-|ikesfgshizgn-py the mM.cLoprocessor 34,
However, anplitude correctiton genetal'ly rpyolves multFplying and dividing
processes and therefore, the load of the mcroprocessor is high. |If the
samne

COSX of the sine and cosine wave signals are held

within the DSP 4. Further, each time the signals from

the-encoder 5 are A/D—converted, these maximum values

and minimum values are successively renewed to thereby

5 hold optimum maximum and minimum wvalues at all times.

The amplitudes of the sine wave and cosine wave signals

are then calculated and a correction signal is

outputted to the multiplication type D/A converter 6 so
ety that they become equal to each other, whereby the data
o 10 aré set and the correction of the amplitudes of the:

signals from the encodef 5 is effected.

By providing such gain correcting means, any error
included in the phase angle data ¢ due to the unbalance
of the gain can be eliminated to thereby enhance the

15 linear?ty thereof particularlglwhen the calculation for
 finding the inverse tangent shown in the flow chart of
Figure 5 is effected. The signals from the encoder 5
can also be set to as great as possible amplltudes in

Qii the A/D converter 1 and phase digitizer 2 in conformity

20 with their maximum input voltages énd theérefore, the
influence of a quantization error occurring when the
signals from the encoder 5 become small can be
minimized. When the input voltage widths of the A/D.
converter 1 and phase digitizer 2 differ from each

25 other, multiplication type D/A converters can be

prepared discretely or the signals can be suitably

attenuated after they have passed through the D/A
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converter 6.

Further, a digital filter is preparéd within the
DSP 4 and high frequency noise which may be included in
the signals from the encoder 5 is attenuated to a
sufficiently negligible level by filter calculation.
Since the digital filter processihg by software is
possible, there can be provided a filter having a
desired cut-off/phase characteristic, such as an FIR
filter of linear phase.

;n the above-described embodiment, a phase
digitizer of at least 1 bit is used with the portion
for counting the periodicity of the fundamental wave to
give redundancy, thereby improving resistance to
disturbance. Also, provision is made of a wvariable
gain amplifier positively utilizing the phase
information obtained in the phase digitizer portion to
effect correctionlor error detection when the
information obtained on the interpolation side and the
periodicity of the fundermental wave are synthesized,
and further corrééting the amplitudes of the sine and
cosine wave signals.

"As a third embodiment of the present invention,. -
there is shown the construction of Figure 7 in which an
electromagnetic motor 7 and a motor driver 8 are added
as an actuator to the construction of Figure 6 to
thereby provide a positioning servo system. The angle

of the motor is highly accurately detected by the
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servo system this high Ioéd becones overhead and it becoesinpossible to

secure a short control period. It is possible to prepare a | ook up table or

the l'ike and curtail the angpunt, of, yultiplicatiqn apd-division, but in such
case, the greater the interpol atlon; ngbeg dgs, tchg Farper-the | ook up
table, and it beconmes di‘ffi¢ult.tq Store tn.e Iabl e ip.meppry effectively.

SUMMARY OF THE | NVENTI ON

procedure shown in the above-déscribed embodiment to
thereby construct such a contrél system that this
coincides with a desired target position. Cbntrol
calculation constituting an appropriate compensator on

S the basis of the detected angle data is effected within |
the DSP 4 and a current reference value to the motor
obtained as a result is given to the motor driver 8,
whereby the highly accurate positioning of the motor

{“j becomes possible.

10 At this time,_the redundancy realized by the phase
digitizer 2 is utiiized-more positively. That is, a
logical signal ERR which becomes U as long as the
phase-digitized value M increases by 1 each or
decreases by 1 each and which becomes 1 when M varies

15 to 2 or greater at a time, that is, when the
monotonicity of M becomes null is generated by the high
spggd signal processing portion and is introduced"into
the DSP 4. When the logical signal ERR has become 1,
it is judged that some sudden disturbance has been

20 inputfed from a mechanical system, and for example, the
output current of the driver 8 is rendered 0 to thereby
once stop the servo opg;gtion, thus informing the
operator that abnormality has happened. Thereby, a
problem that the servo system is destroyed by an

25 abnormal operation due to a great detection error,

disturbance or the like can be obviated, and a highly

reliable servo system can be constructed.
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lL.n view of the above-noted disadvahtage peculirar to the conventional art,
It ﬂhsﬂﬁa@bg B&h RMflact1e Present invention to provide a highly reliable

‘S|gn pparatus, -a positi-on detectjng apparatus-and a driving
deV| ke a 0|rcu|t cons¢ructf?n sa 4 evenrvﬁrthe i -
|nterpo ris greab and whi ch can detect a perlodlc si gha

hi ghly accurately and can further pr event the occurrence of an error
resulting fromthe influences of

The invention may be embodied in other'specific
forms without departing from the spirit or essential
cgaracteristics thereof. The ébove-described
embodiments are thereby to be considered in all

5 respects as illustrative and not restrictive, the scope
of the invention being inﬁicated by the appended claims
rather than by the foregoing description, and all
changes which come within the meaning and range of

{5 equivalency of the claims are fherefore intended to be

10 embraced therein.

This specification'discloses a signal processing
apparatus for processing first and second periodic
analdg signals having the same period and having a
fixed phase relation therebetween and having digitizing
means for converting the first and second periodic
analog signals-into first and-secoﬂd digital signals in
conformity with the respective amplitﬁdes thereof,
signal generating means responéive_to the first and

second periodic analog signals to geﬁerate a signal

-2

having a period shorter than the period of the first
periodic analog signal, means for outputting the
periodicity of the first periodic analog signal and
-first phase information of the firét periodic analog
signal from the éignal from the signal generating méans
and processing means fof producing second phase
information of the first pepiodic analog signal from
the first and second digital signals from the
digitizing means, and correcting the periodicity from
the output means on the basis of the first phase

information and the second phase information.



the n1snatch n0|se etc. of information. It is a further object of the

I nv an appar at us whi ch can easily correct any anpl i tude
fluct i ncteasi ng.the.foad qf "a,processor. orthe like. It yi/_,)
still ect Of the pre$Sént-i ngenti on“tp Mr.@vi‘de an appar at us

whi ch can confirmthat the operati6n of &.phase.digiti®zer.'i s normal.

WHAT IS CLAIMED 1IS:

1. A signal processing apparatus for processing
fir;t and second periodic analdg signals having the
same period and having a fixed phase relation

5 therebetween, comprising:
digitizing means for converting said first and -
second periodic analbg signals into first and second
digital signals in conformity with the respective
amplitudes thereof;

10 signal generating means responsive to said first
and second periodic analog signals to generate a signal
having a period shorter than the period of said first
periodic analog signal;

means for outputting the periodicity of said first
1§ periodic analog signal and first phase information of
said first periodic analog signal from the signal from
said signal generating means; and |

processing means for producing second phase

information of said first periodic analog signal from
20 said first and second digital signals from said .

digitizing means, and correcting the periodicity from

said output means on the basis of said first phase

information and said second phase information.

25 2. The aﬁparatus of Claim 1, wherein the
resolution of said first phase information is lower

than that of said second phase information.
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One Le#m—of——rﬁé’ﬁ’ﬁﬁgl#processi ng apparatus of the This is the repl acenent
atsdvention for achieving the above objects is a signal

. r 1
pr oces'g}‘\s‘mﬁﬁ%“ﬁ“‘mﬁ“ or iprpcessing,first and, ~,
' . A s S

sheet - 6-

3. The apparatus of
processing means has means
phase information and said
with each other.

4.

The apparatus of

processing means has means

-r crer.

.~

e LR

Claim 1, wherein said
for comparing said first

second phase information

Claim 1, wherein said

for synthesizing said

corrected periodicity and said second phase
informétion.
10 |
5. The apparatus.of Claim 1, further compfising
means for adjusting the amplitudes of said first and
second periodic analog signals on the basis of said
first and second digital.signals. |
15 )
6. An apparatus for detecting the displacement
of an object by the use of first and éecond periodic
analog signals generated by the displacement of the
ffﬁ object, having the same period and ﬁaving a fixed phase
20 relation therebetween; having.:
digitizing means for converting said first and
- second periodic analog signals into firgt and second
digital signals in conformity with thé.respective
amplitudes thereof;-
25 signal generating means responsive to said first

and second periodic analog signals to generate a signal

having a périod shorter than the period of said first

A




Secon perlodlc anal og S|gnals havi ng the sane perlod and having a fixed

phas 8t ween, characterized by digitizing means for
conver i andlsecOnd,ﬁénLgch apfefl.og ‘si gnals, knto first and
second i s id ¢ofif orm.ty. wt ROl k€ respectjyve-anplitudes

t her eof , signal generatiﬁg méans. ;r esponsi ve. ito. .t he fiﬁst,gnd second
periodic anal og signals to generate a signal having a period shorter

periodic analog signal;

means for outputting the periodicity of said first
periodic analog signal and first phase information of
said first periodic analog signal from the signal from

5 said signal generating means; and

processing means having means for producing second
phase information of said first.periodic analog signal
from said first and second digital signals from said

o digitizing means, and correcting the periodicity from
10 séid output means on the basis of said first phase

information and said second phase information, and
means for synthesizing said corrected periodicity and
said second phase information and outputting the
displacement information of the object.

18
7. The apparatus of Claim 6; wherein the
resolution of said first phase information is lower

than that of said second phase information.

20 8. The apparatus of Claim 6, wherein said -
processing means has means for comparing said first
phase information and said second phase information

with each other.

25 9. The apparatus of Claim 6, further comprising
means for adjusting the amplitudes of said first and

second periodic analog signals on the basis of said

A



t*han “the perloa of the f| rst perlod-lc anal og signal, neans for outputting
the pe 19§k& R edflrst periodi ¢ anal og signal and first phase

i nf or n& st pericodi ¢ anal'Qg signal from_the«srgnal fromthe
si gnal S and processing =#redmps- T or pr.oduct g second phase
|nfornat st perifodi c. amal og sfgrfal] fromthe first and second

rrr

digital S|gnals fronlthe digitizing neans, and

first and second digital signals.

10. The apparatus of Claim 6, wherein said
processing means has means for detecting the
5 monotonicity of said first phase information

sequentially inputted.
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‘correcting the perioedicity fromthe output nmeans on the basis of the fir
phase i nformation and the second phase information. A preferred form of

resolution of the first phage ipforpation_ ts characterized-in that it is
| ower than that of the second phage i nf qaeti on.- A preferred form of sai
processing neans is characterized by nmeans,_for- conparing the first phase

ABSTRACT OF THE DISCLOSURE
This specification discloses a signal procéssing
apéératus for processing first and second periodic
analog signals having %he same period and having a
5 fixed phase relation therebetween and having digitizing
means for converting the first and second periodic
analog signals into first and second digital signals in
conformity with the respective amplitudes thereof,
(o signél generating means responsive to the first and
10 second pericdic.analog signals to generate a signal
having a period shorter.than the period of the first
periodic analog signal, means for outputting the
periodicity of the first periodic analog signal and
first phase information of the first periodic analog
15 signal from the signal from the signal generating méans
~ and p;ocessing means for producing second phase
information of thg first pe;iodic analog signal. from
the first and second digital signals from the
L ' digitizing means, and correctiné the periodicity from
20 thie output means on the basis of thé first phase

information and the second phase information.
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characterized by means for synthesizing said corrected periodicity and said

second phase information.
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of” the*present invention is an apparatus for detecting the displacenent of
an object by the use of first and second periodic anal og signals generated
by the%isbﬁtﬁiséimﬁeﬂwmef obj ect, havi-ng the same peried and having a

fixed p t her ebet-ween, - charaet éri-zed-by: “di-gi'ti zi ng means for
convert and- second-peri odi ¢ anal og-signaks into first and
second

374
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digit'af_signals—ina—eonformty with the respective anpli tudes t her eof,
signal generating _nean éasponsi ve to said first and second periodi ¢ anal og

"
signal s fTbis \gnak - havifig -a”peridd.shdrter-than the period of
said fi rstu i l og'stgnal ;. rreahs-for .out-putting the periodicity of
the first g signal-.and -first”ghase-i nformation of first

periodi ¢ anal og signal fromthe si gnaL/Zrom t he signal
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SIGNAL PROCESSING 'APPARATUS AN

DISPLACEMENT DETECTING APPARATUS USING THE SAME

BACKGROUND OF THE INVENTION
Field of the Invention

This invention relates to a signal processing
apparatus for generating an interpolation signal of
resolution higher than t@e_period of a periodic signal
and a position detecting apéaratus using the same, and
more particularly to a signal interpolation apparatus
using sine and cosine wave signals generated iﬁ
conformity with displacement from an encoder or the
like to obtain resolution higher than the period
lthereof, in other words, shorter than the fundamental
period, and can be well aéplied particularly in-fhe
field of precise position measurement énd precise
position contrpl. |
Related Bgckground Art

An example of the conventional art is shown in
Figure 1 of the acéompanying drawings. In Figure 1,
sine and cosine wave signals generated in conformity
with displacement from an encoder or the like are -
coﬁverted into a rectangular wave oOf a_frequency higher
than the fundamental period of the sine wave signal by
the use of a phase digitizer 21 for quantizing the sine

and cosine wave signals in conformify with the phase

angles thereof. From this signal, a count up pulse and

mwmmmmemmmwt
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d} gital signals fromthe digitizing means, and correcting the periodicity
from said output neans on the basis of the first phase information and the
second phase information, and neans for synthesizing said corrected
periodicity and the second phase information and outputting the _
di spl acenent information of an object. -A2referred form of 1 he resol ution
of the first
a count down pulse are producea by an up/down pulse
output circuit 52, and these are integrated by an
up/down counter circuit 23, whéreby-a positional signal
is outputted. As the phase digitizer 21, use can be
made of one having a construction as shown, for
exémple, in Figure 2 of the accompanying drawings.
As another example of the prior art, the
construction described in Japanese Laid-Open Patent
Application No. 54-19773 is shown in Figure.3 of the
accompanying drawings. In Figure 3, sine and cosine
signals are first introduced as digital values into a
microprocessor 34 by an A/D converter 31, the ratio
between the values is found and the ;nvefse tangent
value thereof is calculated, and an interpolgtiqp
process for finding the phase angle of the sine wave is
carried out. Also, in parallel with thisfprocess, the
sine and cosine signals are compared with OV'by a
comparator 32 and are thereby converted into a
rectangular wave, whereafter as in Figure_l, é count up
pulse and a count down pulse are prbducéd by an up/down
pulse output circuit 33, and these are integrated by an
up/down counter circuit 35, and the fundamental wave
frequency of the sine wave signal is counted. These
are synthesized by a microprocessor 34 to thereby
obtain positional informafion.
In the conventional art shown in Figure 1, when

particularly the interpolation number is great'and

This is the replacement sheet
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phase information is characterized in that it is [ower than that of the
second phase information. A preferred formof said processing neans is
characterized by nmeans for conparing said first phase information and the
second phase information with each other. Further, a preferred formof the
di spl acenent detecting apparatus is characterized by means for

highly accurate position detecfion is to be effected,
the circuit scale of the phase digitizer becomes great
in proportion to the interpolation number. For
exémple, in the construction of Figure 2, the same
number of comparators as the interpolation number
becomes necessary and particularly, it is not realistic
to digitize to 1/100 or smaller. Even if this problem
is solved at all, the maximum response frequency of the
up/down countér in the post stage of the phase
gigitizer is limited and therefore, it becomes
impossible to highly accurately find the position of an
object which is moving at a high speed.

The example of the prior art shown in Figure 3
intends to solve the above-noted problem to a certain
degree, and an interpolation portion and a fundamental
wave frequency:counting portion are separated from each
other to thereby provide pérallel constructions,
whereby even if the interpolation number is great, the
circuit construcfion can be made small aﬁ@ moreover,
the positidén of an object moving at a high speed can be
detected highly accurately.

In the construction of Figure 3, however, Fhe A/D
converting portion and the phase digitizing portion
operate in parallel and therefore, their operations
‘must be executed completely in synchronism with each
other, and even when only slight shift in time has

occurred, there has been the possibility that mismatch
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adjusting the anplitudes of the first and second periodic anal og signals on
the basis of said first and .second digital signals. A preferred formof the
processi ng neans is characterized by nmeans for detecting the nonotonicity
of the first phase information sequentially inputted. The signal processing
apparatus of the present invention and-a4di-spl acenent detecti ng apparat us
usi ng

occurs to positioned information obtained from each
portion. In such case, there is the possibility that
positional information momentafily having a great error
is outputted and for example, in a case where a servo
system is constructed by the use of the detected
positional information, momentarily great disturbance
is applied to the servo system, and this has resulted
in the possibility that a fatal problem such as the
collision of a moving object arises. Further, when the
sine wave signal has noise, a similar problem arises and
it has been impossible to obviafe this.

Also, it is ideal that the sine and cosine wave
signals obtained from the encoder or the like have
edual amplitudes, but the amplitudes often fluctuate
depending on position. Particularly when highly
accurate detection is necessary, such amplitude
fluctuation makes accurate interpolation calculation
impossible, for example, in a portion for finding
inverse-tangent and therefore, in the afo;edescribed
cited example, there is proposed a method of correcting
this in a softwape-like fashion by the microprocessor
34. However, particularly, amplitude correction °
generally involves multiplying and dividing.prqcesses-
and therefore, the load of the microprocessor applied
thereto is great, and for example, when the same

processor is used for the control calculation of the

I

eet Has Been Reﬁaced

TN

pate: 2 9 NOV 1936



the sane will hereinafter be described in detail with This is the
repl acenent sheet -9- respect to sone enbodi nents thereof. BRI EF
DESCRI PTI ON OF THE DRAW NGS

servo system, this becomes an overhead and it becomes
impossible to secure the control period short. It is
possible to prepare a table or the like and curtail the
amount of multiplication and diwvision, but in such
case, the greater is the interpolation number, the
larger becomes the capacity of the table, and it

becomes impossible to effectively utilize a memory.

SUMMARY OF THE INVENTION

In view of the above-noted disadvantage peculiar
to the conventional art; it is an object of the present
invention to provide a highly reliable signal
processing apparatus, a position detecting apparatus
and a driving device which can make a circuit
cahstruction small even if the intefpolation number is
great, and which“can detect a periodic signal highly
accurately and can further prevent thé occurrencé-of an
error resulting from the influences of the mismatch,
noise, etc. of infbrmation.

It is a further object of the present invéntion to
provide an apparatus which can easily correct any
amplitude fluctuation without increasing the load of a
processor or the like.

It is still a further object of the present
invention to provide an apparatus which can’ confirm
that the operation of a phase digitizer is normal.

One form of the signal processing apparatus of the

This Sheet Has Been Replaced
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Figure 1 is an illustration of an exanple of the prior art. Figure 2 is an
illustration of an exanple of the prior art. Figure 3 is an illustration of
an exanple of the prior art. Figure 4 shows a first enbodi nents of the
present invention.

- 6 -

present invention for achieviﬁg the above objects is a
signal processing apparatus for processing first and
second periodic analog signals having the same period
and having a fixed phase relation therebetween,
characterized by digitizing means for’converting the
first and second periodic analog signals into first and
second digital signals in conformity with the
respective amplitudes thereof, signal generating means
résponsive to the first and second periodic analog
signals to generate a signal having a period shorter
than the period of the first periodic analog signal,
means for outpﬁtting the periodicity of the first
periodic analog signal and first phasé information of
the first periodic analog signal from the signal from
the signal generating means and processing means for
producing second phase information of the first
periodic analog'signal from the first and second
digital signals from the digitizing means, and
correcting the periodicity from the outpﬁt'means on the
basis of the first phase information and the second
phase information.

| A preferred form of the resolution of the first
phase information is characterized in that it is iower
than that of the second phase information.

A preferred form of said processing means is

characterized by means for comparing the firsf phase

information and said second phase information with each

This is the replacement sheet
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Figure 5 is a chart illustrating the first enbodi nent of the present
I nvention. Figure 6 is a diagramillustrating a second enbodi nent of the

present invention.

Figure 7 is a diagramillustrating a third enbodi nent of

the present invention. DESCRI PTION OF THE PREFERRED EMBODI MENTS A first
enbodi ment of the present invention is -skhown

other.

A preferred form of said processing means is

‘characterized by means for synthesizing said corrected

periodicity and said second phase information.

Further, a preferred form of said signal

processing apparatus is characterized by means for

adjusting the amplitudes of said first and second

periodic analog signals on the basis of said first and

second digital signals.

One form of the displacement detecting apparatus

of the present invention is an apparatus for detecting

the displacement of an object by the use of first and

second periodic analog signals generated by the

displacement of the object, having the same period and

having a fixed phase relation therebetween,

characterized by:

digitizing means for converting said first and

second periodic analog signals into first and second

digital signéls in conformity with the respective

amplitudes thereof, éignal generating means responsive

to said first and second periodic analog signals to

generate a signal hqving a period shorter than the

period of said first periodic analog signal, means for

outputting the periodicity of the first periodic analog

signal and first phase information of first periodic

analog signal from the signal from the signal

generating means and processing means having means for

This is the replacement sheet
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in Figure 4. In Figure 4, the reference nuneral 1 designates an A/D
converter with high resolution for converting into a digital signal, an
anal og signal obtained froman encoder 5 signal varying in a sine and
cosi ne wave fashion in accordance with the displacenent of.an object. The
A/ D converter 1 has a resolution of 12 bhi&8ss. i.e.,attaches inportance to
This is the replacenent sheet

producing second phase informétion of the first
periodic analog signal frqm fhe first and second
digital signals from the digitizing means, and
correcting the periodicity from said output means on
the basis of the first phase information and the second
phase informatioh, and means for synthesizing said
corrected periodicity and the second phase information
and outputting the displacement information of an
object.

A preferred form of the resolution of the first
phase information is chéracterized in that it is lower
than that of the second phase iﬁformation.

A preferred form of said prodessing means is
characterized by means for comparing said first phase
information and the second phase information with each
other.

Further, a preferred form of the displacement
detecting apparatus is chargcterized by means for
adjusting the amplitudes of the first and second
periodic analog signals on the basis of said first and
second digital signals.

A preferred form of the processing means is
characterized by means for detecting the monotonicity
of the first phase information sequentially inputted.

The signal processing apparatus of the present
invention and a displacement detecting apparatus using

the same will hereinafter be described in detail with

This is the replacement sheet
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- 10- accuracy resolution, operates at a relatively | ow speed and does not
respond to an input signal of a high frequency. The reference nuneral 2

denot es%ﬂb@ﬂ%ﬁ&ﬂk&ﬁl@r which, lTike the A/D converter 1, receives as

1]

respect to some embodiments thereof.

-9 -

BRIEF DESCRIPTION OF THE DRAWINGS i

Figure 1 is an illustration of an example of the
prior art.

Figure 2 is an illustration of an.example of the
prior art.

Figure 3 is an illustration of an example of the
prior art.

Figure 4 shows a first embodiment of the present
invention.

Figure 5 is a chart illustrating the first
embodiment of the present inwvention.

Figure 6 is a diagram illustrating a second

embodiment of the present invention.

Figure 7 is a diagram illustrating a third

-~
~

embodiment of the present invention. N
DESCRIPTION OF THE PREFERRED EMBODIMENTS

A first embodiment of the present invention is
shown in Figure 4. In Figure 4, thg reference numeral
1 designates.an A/D converter with high resolution for
converting an analog signal obtained from an encoder 5
and reéeiving as an input an analog signal varying in a
sine and cosine wave fashion for the displacement of an

object into a digital signal. The A/D converter 1 is

of resolution of 12 bits and attaches importance to

This is the replacement sheet
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anal

obtained fromthe encoder 5, but operates at a high speed
and i.S of Iom/resolutlon. The phase digitizer 2 has a resolution of 3 bits,
and tHhES HMBmamf output signal thereof is shorter than the period of
t he si ereto ‘The reference nuneral 3 designates a high
speed |ng portion which hak0the output of the phase digitizer
2 as an |nput a tputs the periodicity N of the sine wave signal, i.e.,
t he nunber of the

accuracy and resolution, and operates at a relatively
low spééd and does not respond to an input signal of a
high frequency. The reference numeral 2 denotes a
phase digitizer which, like the A/D converter 1,
receives as inputs sine and cosine wave analog signals
obtained from the encoder 5, but attaches importance to
a high speed and is of low resolution. The phase
digitizer 2 is of resolution of 3 b;ts, and the period
of the output signal thereof is shorter than the period
of the signal ingutted thereto. The reference numeral
3 designates a high spéed signal processing portion
which has the output of the phase digitizer 2 as an
input and outputs the periodicity of the sine wave
signal, i.e., the number of the fundamental waves of
the sine wave, and a logical signal which becomes 1
within a range of 0" to 180° of the phase-bf the sine
wave and becomes 0 within a range'of 180" to 3601. The
reference numeral 4 denotes a signal p:ocessing portion
for receiving the outputs of the A/D converter 1 and
the high speed signal processing’portion'S and
effecting the signal processing of producing final
positional information. A digital signal processor
(DSP) is used as the signal processing portion 4 to
realize high speed processing. Also, an incremental
type encodef is used as the encoder 5 which outputs
sine and cosine waves in conformity with position.

The procedure of these operations will hereinafter

This is the replacement sheet
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fundanental waves of the sine wave, and a logical signal PH which is 1
wi t hi n dlhissthepeHBelY Bpiadeqt © 180[ err] of the phase of the sine wave and is O
within a rr] to 360[err]. The reference nuneral 4 denotes a
signal pr F (ﬂ'f@ﬂon for receiving the outputs of the A/D converter 1
and the high spee al processing perttion 3 and effecting the signal --
processi ng of producing final positional information. A digital signal
processor (DSP) is used as the signal

be described in succession.

The sine and cosine wave signals outputted_from
the encoder S5 are first inputtéd to the A/D converter 1
and are outputted as digital values SINX and COSX of 12
bits each. At the same time, these sine and cosine
wave signals are inputted to the phase digitizer 2,
which thus outputs digital data M of 3 bits which
become 0 when thg phase angle of the sine wave'signal
is 0 and which increases by 1 during each 1/8 of the
period of the sine wave signal. That is, 360° of one
period is divided into eight areas, and phase data
digitized in the order of 0, 1, 2 counter-clockwisely
from the first quadrant are allotted thereto. The high
speed signal processing portion 3 receives this output
M, and integrates +1 when M varies from 7 to 0, and
integrates ~1 when M varies from b to'7, and outputs
the periodicify N of the obtained sine wave signal. At
the same time, it outputs a logical signal PH which
becomes 1 when M is within a range of 0 to é, and
becomes 0 when M is within a range of 4 to 7.

Such a construction in which the portion for
counting the periodicity of the fundamental wave is
endowed with redundancy to thereby obviate wrong
counting caused by pulse noise or the like is a feature
of the present invention.

In the DSP 4, by the use of SINX, COSX, N and PH

obtained by the above-described procedure, positional

This is the replacement sheet
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procm*p‘dr"ﬁm%r eal i ze high speed processing. Al so an increnental
type amgqﬂggfgéﬁ used as the encoder 5 which outputs sine and cosi he waves

in acco it i on. The procedure of these operations will
her ei n mm# Is he repl acenent sheet

- 12 -

information is produced by a procedure shown in the
flow chart of Figure 5. That, the phase aﬁgle ¢ of the
sine wave signal is first calculated from SINX and
COSX. This can be obtained by calculating the ratio
between the two values, and referring to an inverse
tangent table prepared in advance by the use of the
obtained value. Next, if ¢ exists in a range qf 180°
to 360° and moreover the logical signal PH from the
high speed signal processing portion 3 is 0, that is,
indicates that it is 180" to 360°, it is judged that
mismatch has occurred bétween the data obtained from
the A/D converter 1 and the data obtained by way of the
phase digitizer 2. That is, the judgment standard is
always considered to be the A/D converter 1 side and it
can be judged that the wvalue N which ought to increase
by 1 in the high speed signal processing portion 3 is
no# yet actually incremented and accordingly, in ordgr
to eliminate this mismatch, the correcting process of
increasing N by.l to thereby provide N' = N + 1 is
_carried out within the DSP 4. If converéely to this
case, ¢ exists in a range of 180° to 360° and moreover
the logical_signal PH from the high speed signal
processing portion 3 is 1, that is, indicates that it
is from 0° to 180", it is judged that 1 more has.been
integrated in the high speéd signal processing portion,

and N is subtracted by 1 to thereby provide N' = N - 1.

This is the replacement sheet
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be described in succession. The sine and cosine wave signals outputted from
the encoder 5 are first inputted to the A/D converter 1 and are outputted
as digital values SINX and COSX of 12 bits each. At the sane tine, these
sine and cosine wave signals are inputted to the phase digitizer 2, which
outputs digital data Mof 3 bits. Mis-0ldhen the phase angle of the sine
wave signal is 0 and increases by 1 during each 1/8 of the

When these two conditions dd not apply, there is no
mismatch between the data obtained f}om the A/D
converter 1 and the data obtaiﬁed by way of the phase
digitizer 2 and therefore, the correction as described
above is not necessary and N' = N is provided.
Thereafter, the obtained N' and the phase angle ¢ can
be added to thereby obtain final positional
information.

By providing the correcting means as described
above, there can be constructed a highly accurate
position detecting apparatus in which the mismatch
between the data obtained from the signal processing
portions provided in parallel can be prevénted to
thereby eliminate any momentary_detection error and
which is stable and moreover can cope with high speed
motion.

A second embodiment of the present invention is
shown in Figure 6. This embodiment is one which a
multiplication type D/A converter 6 for correcting the
amplitudes of the signais from the encoder 5 is added
to the first embpdiment shown in Figure 4.

This embodiment is similar in the basic processing
procedure to the first embodiment, but in this |
embodiment, by the utilization of the fact that the
digital data obtained from the A/D converter i are
always introduced into the DSP 4, the maximum values

and minimum values of the A/D converted data SINX and

R laced .
Sheet Has Been This is the replacement sheet
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period of the sine wave signal. That is, 360[err] of one period is divided
i nto ei ght phase segnents, and phase data is digitized in the order of O,
1; 2 counter-clockwi se fromthe first quadrant. The hi gh speed signal
processing portion 3 receives this output increments N by 1" when M changes
from7 to 0, and outputs the periodicityld of the obtained sine wave
signal. At the sane tine, it outputs a logical signal PH which becones 1
when Mis 0, 1, 2, or 3, and is O when

COSX of the sine and cosine wa&e signals are held

within the DSP 4. Further, each time the signals from

the encoder 5 are A/D-converted, these maximum values

and minimum values are successively renewed to thereby

hold optimum maximum and minimum wvalues at all times.

The amplitudes of the sine wave and cosine wave signals

are then calculated and a correction signal is

outputted to the multiplication type D/A converter 6 so

that they become equél to each other, whereby the data

are set and the correction of the amplitudes of the

signals from the encodef 5 is effected.

By providing such gain correcting means, any error
included in the phase angle data ¢ due to the unbalance
of the gain can be eliminated to thereby enhance the
linea;;ty thereof particularl§ when the calculation for
finding the inverse tangent shown in the flow chart of
Figure 5 is effected. The signals from the encoder 5
can also be set to as great as possible amplitudes in
the A/D’converter 1 and phase digitizer 2 in conformity
with their maximum input voltages and therefore, the
influence of a quantization error occurring when the
signals from the encoder 5 become small can be
minimized. When the input voltage widths of the A/D-
converter 1 and phase digitizer 2 differ from each
other, multiplication type D/A converters can be

prepared discretely or the signals can be suitably

attenuated after they have passed through the D/A

This ‘Sheet Has Been Replaced o
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Mis 4, 5, 6 or 7. The portion for counting the periodicity of the
fundanent al wave generates redundant data N and PH obviate wong counti ng
caused by pul se noise or the like as follows. In the DSP 4, by the use of
SINX, COsX, N and PH obtai ned. by the above-described procedure, positional
This is the replacenent sheet - 15 -

convefter 6.

Further, a digital filter is prepared within the
DSP 4 and high frequency noise which may be included in
the signals from the encoder 5 is attenuated to a
sufficiently negligible level by filter calculation;
Since the digital filter processing by software is
possible, there can be provided a filter haviqg a
desired cut-off/phase characteristic, such as an FIR
filter of linear phase.

;n the above-described émbodiment, a phase
digitizer of at least 1 bit is used with the portion
for counting the periodicity of the fundamental wave to
give redundancy, thereby improving resistance to
disturbance. Also, provision is made of a wvariable
gain amplifier positively utilizing the phase
information obtained in the phase digitizer portion to
a2ffect correction.or error detection when the
information obtained on the interpolation side and the
veriodicity of the fundermental wave are synthesized,
and further corrébting the amplitudes of the sine and
cosine wave signals.

As a third embodiment of the present invention,.
there is éhown the construction of Figure 7 in which an
alectromagnetic motor 7 and a motor driver 8 are added
as an actuator to the construction of Figure 6 to
thereby provide a positioning servo system. The angle

_ of the motor is highly accurately detected by the
- T

—
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-12- information is produced by a procedure shown in the flow chart of

Figure 5. The phase angle [err] of the sine wave signal is first calculated

from SINX and COSX. The phase angle is obtained by calculating the ratio of

SINX to COSX, and applying that ratio to an inverse tangent |ook up table
- 16 -

procedure shown in the above-déscribed embodiment to
thereby construct éuch a control system that this
coincides with a desired targef position.. Control
calculation constituting an appropriate compensator on
the basis of the detected angle data is effected within
the DSP 4 and a current reférence value to the motor
obtained as a result is given to the motor driver 8,
whereby the highly accurate pqsitioning of the motor
becomes possible.

At this time,fthe redundancy realized by the phase
digitizer 2 is utilized.more positively. That is, a
logical signal ERR which becomes U as long as the
phase-digitized value M increases by 1 each or
decreases by 1 each and which becomes 1 when M varies
to 2 or greater at a time, that is, when the
monotonicity of M becomes null is generated by the high
spggd signal processing portion and is introduced into
the DSP 4. When the logical signal ERR has become 1,
it is judged that-some sudden disturbance has been
inputted from a mechanical system, and for example, the
output current of the driver 8 is rendered 0 to thereby
once stop the servo opgrgtion, thus informing the
operator that abnormality has happened. Thereby, a
problem that the servo system is destroyed by an
abnormal operation due to a great détection error,
disturbance or the like can be obviated, and a highly

reliable servo system can be constructed.

_— T
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prepared in advance. Next, if [err] is conputed to be in range of O[err]
to 180[err] and the | ogical signal PH fromthe high speed signal processing

portion 3 is O,

i ndi cating the phase angle to be between 1800 to 360[err],

DSP 4 determines that a mismatch has. occurred between the data obtai ned
fromthe A/D converter 1 and the data ebtaifned by way of the phase *
digitizer 2. The phase angle conputed fromthe digital signals output from
the A/D converter 1 is always consi dered

The invention may be embodied in other specific
forms without departing from the spirit or essential
characteristics thereof. The above-described
embodiments are thereby to be considered in all
respects as illustrative and not restrictive, the scope
of the invention being indicated by the appended claims
rather than by the foregoing description,. and all
changes which come within the meaning and range of
equivalency of the claims are thefefore intended to be

embraced therein.
This specification discloses a signal processing

apparatus for processing first and second periodic
analog signals having the same period and having a
fixed phase relation therebetween and having digitizing
means for converting the first and second periodic
analog signals.into first and sécoﬂd digital signals in
conformity with the respective amplitudes thereof,
signal generating means responéive to the first and
second periodic_analog signals to geﬁerate a signal
having a period shorter than the period of the first.
periodic analog signal, means for outputting the.
periodicity bf the first periodic analog signal and
first phase information of the firét periodic analog
signal from the signal from the signal generating méans
and processing means fof producing second phase
information of the Ffirst pe;iodic analog signal from
the first and second digital signals from the
digitizing means, and correcting the periodicity from
the output means on the basis of the first phase

information and the second phase information.
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tobe the correct phase angle. In 'this case, the value N shoul d have
I ncr %ﬁﬁgﬁﬁ% ﬂ”§$g&@ the sine wave passed through O[err] as indicated by

the PhageL utpd fromthe digital values output fromthe A/ D
conve Eﬁmw “ﬂﬂ!l;o’t! because of an error. Accordingly, in order to
elim , a correcting proees8 of increasing N by 1 to provide
Nferr] = N+ 1 is carried out by the DSP 4. If conversely , [err] is

computed to be in a range of 180[err] to 360[err] and processing

WHAT IS CLAIMED IS:

1. A signal processing apparatus for processing
first and second periodic analdg signals having the
same period and having a fixed phase relation
therebetween, comprising:

digitizing means for converting said first and
second periodic analog signals into first and second
digital signals in conformity with the respective
amplitudes thereof; |

signal generating means responsive to said first
and second periodic anaiog signals to generate a signal
having a period shorter than the period of said first
periodic analog signal;

means for outputting the periodicity of said first
periodic analog signal and first phase information of
said first periodic analog signal from the signal from
said signal generating means; and

processing means for producing second phase
information of said first periodic analog signal from-
said first and second dfgital signals from said
digitizing means, and correcting the periodicity from
said output means on the basis of said first phase

‘information and said second phase information.

2. The aﬁparatus of Claim 1, wherein the
resolution of said first phase information is lower

than that of said second phase information.

(s
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portlon éﬁ_ | t he phase angle to be between 0 and 180[err],
DSP 4 has been incorrectly increnented by 1 too many is'
fron100 j dged that 1 nore has been in the high speed signa
pr ocessi ] Is corected by subtractingby 1 to thereby
provide Nerr] = N - 1 This is the replagenent sheet

3. The appafatus of Claim 1, wherein said
processing means has means for comparing said first
phase information and said second phase information

with each other.

4.  The apparatus of Claim 1, wherein said
processing means has means for synthesizing said
corrected periodicity and said second phase

information.

5. The apparatus'of Claim 1, further comprising
means for adjusting the amplitudes of said first and
second periodic analog signals on the basis of said

first and second digital signals.

6. An apparatus for detecting the displacement
of an object by the use of first and éecond periodic
analog signals generated by the displacement of the
object, ﬁaving the same period and having a fixed phase
relation therebetween; having: |

digitizing means for converting s$aid first and
second periodic analog .signals into firgt and second
digital signals in conformity with thé respective
amplitudes thereof;

signal generating means responsive to said first
and second periodic analog signals to generate a signal

having a period shorter than the period of said first

* (4 L N S *
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Wien these tTwo condi+ions do not apply, ie, the phase angle conputed from
t henig gt sL.n?Is f the A/D converter correctly matches PH, there is no

ms tfe |dat a obtained fromthe A/D converter 1 and the data
obt gmg t he phase digitizer 2 and therefore, the correction as-
des not necessary and N @Prf= N.-

periodic analog signal;

means for outputting the periodicity of said first
periodic analog signal and first phase information of
said first periodic analog signal from the signal from
said signal generating means; and

processing means having means for producing second
phase information of said first periodic analog signal
from said first and second digital signals from said
digitizing means;.and correcting the periodicity from

.,said output means on the basis of said first phase

information and said second phase information, and
means for synthesizing said corrected periodicity and
said second phase information and outputting the
displacement information of the object.

7. | The apparatus of'Ciaim 6, wherein the
resolution of said first phase informétion is lower

than that of said.second phase information.

8. The apparatus of Claim 6, wherein said : -
processing means has means for comparing said first
phase information and said second phase information

with each other.

9. The apparatus of Claim 6, further comprising
means for adjusting the amplitudes of said first and

second periodic analog signals on the basis of said

* c L M S *
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Thereafter, corrected periodicity Nerr], nultiplied by 2[err], and the
phase-;ﬁiglg{eal_{aggge]mﬂg.aae@dded to thereby obtain final. positional

i nform ding the correcting nmeans as descri bed above, there
can bgﬁ‘mmm& H hi ghly accurate position detecting apparatus in which
the ms the data obtained falom t he signal processing portions
provided in parallel can be prevented to .

first and second digital signals.

10. The apparatus of Claim 6, wherein said
processing means has means for detecting the
monotonicity of said first phase information

sequentially inputted.

, ,!“"c”""LI mﬂ "I'sl " I!l, . o | This is the replacement sheet
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thereby elimnate any nonentary detection error and which is stable and
nor eover can cope with high speed notion. A second enbodi nent of the

pr esent

invention is shown in Figure 6. This enbodi nent is one which a

mul tiplication type D/A converter 6 for correcting the anplitudes of the
signals fromthe encoder 5 is added to-tde first enbodi ment shown in Figure

4.

SIGNAL PROCESSING APPARATUS AND DISPLACEMENT
DETECTING APPARATUS USING THE SAME

ABSTRACT OF THE. DISCLOSURE

This specification discloses a signal processing
apparatus for processing first and second periodic
analog signals having the same period and having a
fixed phase relation therebetween and having digitizing
means for converting the first and second periodic'
analog signals into first and sécond digital signals in
conformity with the respective amplitudes thereof,
signal generating means responsive to the first and
second periodic_énalog signals to generate a signal
having a period shorter-than the period of the first
periodic analog signal, means for outputting the
periodicity of the first periodic analog signal and
first phase information of the first periodic analog
signal from the signal from the signal generating méans
and p;ocessing means for producing second phase
information of thg first pe:iodic analog signal from
the first and second digital signals from the
digitizing means, and correctiné the periodicity ffom
tlie output means on the basis of the first phase

information and the second phase information.

FIGURE 4
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This enmbodiment is simlar in the basic processing procedure to the first
enbodi nent, but in this enbodinent, by the utilization of the fact that the
digital data obtained fromthe A/D converter 1 are always introduced into
the DSP 4, the maxi num val ues and m ni mum val ues of the A/D converted data
SINX and This is the replacenent sheet- 1 -
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-14- COSX of the sine and cosine wave signals are held within the DSP 4.

Further, each tinme the signals fromthe encoder 5 are A/ D-converter, these
maxi mum val ues and m ni num val ues are successively renewed to thereby hold
opt i mum maxi nrum and m ni mrum val ues at all times. The anplitudes of the sine
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and cosine wave signals are then cal culated and a correction signal is
outputted to the nultiplication type DJA converter 6 and applied to the

sl ne wave and cosi ne wave signals so that they becone equal to each other,
and thus, the correction of the anplitudes of the signals fromthe encoder

5 is effected. By providing such gain eoBrecting nmeans, any error included
I n the phase angle data [err] due to the inbal ance of
( START )
h 4
A/D CONVERTER
- SINX
$=tan~' ]
. COSX
, YES
0=¢<180nPH=0 ?-
JYES
180=¢<360NPH=1 ? |
1- h 4
N'=N N'=N-1 N'=N+1
B |
v
0=2nN’+¢
A 4
END
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the gain can be elimnated to thereby enhance the linearity thereof
patticularly when the calculation for finding the inverse tangent shown in
the flow chart.of Figure 5 is effected. The signals fromthe encoder 5 can

al so be set to the nxi mum possible anplitudes in the A/ D converter

1 and

phase digitizer 2 in conformty with thei4 +axi ruminput voltages and
the influence of a quantization error occurring when the signals
fromthe encoder 5

t herefore,
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SIGNAL PROCESSING APPARATUS AND

DISPLACEMENT DETECTING APPARATUS USING THE SAME

BACKGROUND OF THE INVENTION

Field of the invention

This invention relates to a signal processing apparatus
‘for generating an interpolation signal having a resolution
higher than the period of a periodic signal and a position
detecting apparatus using the same, and more particularly
to a signal intérpolation apparatus using sine and cosine
wave signals generated in_acgordance with the displacement

by an encoder or the like to obtain_a resolution higher than

-.-.the period thereof, in other words, shorter than the

fundamental period. This apparatus can be used in the fields

of precise position measurement and precise position

control.

Related Background Art

An example of the conventional art is shown in Figure
-1, of the accompanying drawings. In Figure 1, sine and
cosine wave signals generated in accordance with
displacement by an encoder or the like are converted into
a rectangular wave having a frequency higher than the |
fundamental frequency of the sine wave signal by the use of
a phase digitizer 21 for quantizing the sine and cosine wavé
signals in accordance with the phase angles thereof. From

this signal, a count up pulse and

This is the replacemeri sheet
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rconvérter 6. Further, a digital filter may be inplemented within the OSP 4
and high frequency noi se which may be included in the signals fromthe
encoder 5 is attenuated to a sufficiently negligible level by filter
calculation. Since the digital filter processing by software is possible,
there can be provided a filter having a

-2-

a count down pulse are produced by an up/down pulse output
circuit 22, and these are integrated by an up/down counter
circuit 23, whereby a position signal is outputted. As for
the phase digitizer 21, use can be made of one having a
construction as shown, for example, in Figure 2 of the
accompanying drawings.

As another example of the prior art, the construction
described in Japanese Laid-Open Patent Application No. 54-
19773 is shown in Figure 3 of the accompanying drawings. In
Figure 3, sine and cosine signals are converted into digital

values by an A/D converter 31 and input into a

microprocessor 34, wherein the ratio between the values is
found and the inverse tangent value thereof is calculated,
and an interpolation process for finding the phase angle of
the sine wave is carried out. Also, in parallel with this
process, the sine and cosine signalslare compared with OV
by a comparator 32 and are-thereby.converted into a
rectangular wave. Thereafter, as in Figure 1, a count up
pulse and a count down pulse are produced by an up/down

pulse output circuit 33. These are integrated by an up/down

counter circuit 35, and the fundamental frequencz of the
sine wave signal is counted, which is synthesized by a
microprocessor_34 to obtain positional information.

| In the conventional art shown in Figure 1, when the

interpolation number is great and

This is the replacement sheet
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*'dest red cut-of f/ phase characteristic, such as an FIR filter of |inear
phase. In the above-described enbodi nent, a phase digitizer of at least 1
bit is used with the portion for counting the periodicity of the
fundanmenetal wave to give redundancy, thereby inproving resistance to

di sturbance. Al so, provision is nade of a variable gain anplifier
positively utilizing the phase -3- '

highly accurate position detection is required, the circuit
scale of the-phase digitizer _increases in proportion to the
interpolation number. For example, in the construction of
- figqure 2, the same number of comparators as the
interpolation number becomes necessary and particularly, it
is not realistic to digitize to 1/100 or smaller. Even if
this problem is_solved, the maximum response frequency of
the up/down counter in the post stage of the phase digitizer
is limited and therefore, it becomes impossible_to detect
highly accurately the position of an object which is moving
at a high speed.

The example of the prior art shown in Figure 3 intends
to solve the above-noted problem to a certain degree, and
the interpoiation portion and the fundamental fredquency..
counting portion are separated from each other_to provide,
parallel construction, whereby even if the interpolation
number is great, the circuit construction can be made small

_and moreover, the position of an object moving at a high
speed can be detected highly accurately.

In the construction of Figure 3, however, the A/D
converting portion and the phase digitizing portion operate
in.paraliel and therefore, their operations must be executed’
completely in synchronism with each other, and even when

only slight shift in time arred.

possibility that mismatch
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“inforrmation obtained in the phase digitizer portion to affect correction or
error detection when the information obtained on the interpolation side and
the periodicity of the fundanental wave are synthesized, and for further
correcting the anplitudes of the sine and cosine wave signals. As a third
enbodi mrent of the present invention,. there is shown the construction of
Figure 7 in which an

-4

occurs between Eositionai information obtained from each
portion. In such case, there is the possibility that
positional information momentarily having a great error is
outputted. For example, in a case where a servo system is
constructed to use-the detected positional informationiggg__
a_momentarily great disturbance is applied to the servo
system, there is a possibility that a fatal problem such as
the collision of a moving object. Further, when the ;ine
wave signal has noise, a similar problem arises and it has
been impossible to obviate this.

Also, It is ideal that the sine and cosine wave signals
obtained from the encoder or the like ha&e equal amplitudes,
but their amplitudes often fluctuate depending'on.pOSition.
Particularly when highly accurate detection is necessary,
such amplitude fluctuate makes accurate interpolation
calculation impossible, for example, in a portion for
finding the inverse tangent. Therefore, in the
aforedescribed example, there is proposed a method of

| correcting this in a software~like fashion by the
microprocessor 34, However, amplitude correction generally
involves multiplying and dividing processes and therefore,

the load of the microprocessor is high. If the same

processor is used for the control calculation of the
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" ‘el ectromagnetic notor 7 and a notor driver 8 are added as an actuator to
“the construction of Figure 6 to thereby provide a positioning servo system
The angle of the notor is highly accurately detected by the - 16 -

-5-

servo system, this high load becomes overhead and it

- becomes impossible to 'secure a short control period. It

is possible to prepare a look up table or the like and
curtail the amount of multiplication and division, but in

such case, the greater the interpolation number is, the

larger the look up

_the table in memory effectively.

SU Y OF THE I ION

table, and it becomes difficult to store

'In_view of the ai:ove-noted disadvantage peculiar to the

conventional art, it is an object of the presezit invention -

. to provide a highly reliable signal processing .apparatus,
a position detectin§ apparatus and a driving device which
can make a circuit construétion small evén if the
interpolation number is great, and which can detect a
periodic signél highly accurately and can further prevent
the occurrence of an error resulting from the influences of
the mismatch, noise, etc. of info:;mation.

It is a further object of the invention to provide an
apparatus which can easily correct any amplitude
fluctuation without increasing the load of a processor or
the like. | |

It is still a further object of the present invention
to provide an apparatus which can confirm that the operation
of a phase digitizer is normal.

. One form of the signal processing apparatus of the

" This is the replacemeant sheet
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‘procedure shown in the above-described embodi ment to thereby construct such
a control systemthat this angle coincides with a desired target position.
Control calculation constituting an appropriate conpensator on the basis of
the detected angle data is effected within the DSP 4 and a current
reference value to the notor obtained as a result is given to the notor
driver 8, whereby the highly accurate.gositioning of the notor

respect to some embodiments thereof.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is an illustration of an example of the prior
art. |
Figure 2 is an illustration of an example of the prior
~art.
Figure 3 is an illustration of an example of the prior
art.
Figure 4 shows a first embodiments of the present
invention.
Figure 5 is a chart illustrating the first embodiment
of the present inventi&n.
Figure 6 is a diagram illustrating a second embodiment
of the present invention.
Figure 7 is a diagram illustrating a third embodiment
of the present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
A first embodiment of?;he present invention is shown
in Figure 4. In Figure 4, thé reference numeral 1 designates
an A/D converter with high resolution for converting _intg.

a digital signal, an analog signal obtained from an encoder

5 signal varying in a sine and cosine wave fashion in

accordance with the displacement of.an object. The A/D
converter 1_has a resolution of 12 bits, i.e.. attaches

importance to

This is the replacement sheet
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: ‘bécones possible. At this tine, the redundancy in the phase angle PH
realized by the phase digitizer 2 is utilized nore positively. That is, a

|l ogical signal ERRis 0 as long as the phase-digitized value Mincreases by
1 each tinme interval and which becones 1 when Mvaries by 2 or greater in
the time interval, that is , when the nonotonicity of M becones null, is
generated by the high speed signal

=10~

.accuracy resolution, operates at a relatively low speed and

does not respond to an input signal of a high frequency. The
reference numeral 2 denotes a phase digitizer which, like
the A/D converter 1, receives as inputs sine and cosine wave
analog signals obtained from the encoder 5, but operates at
a high speed and is of low resolution. The phase digitizer
2 has a resolution of 3 bits, and the period of the output
signal thereof is shorter than the period of the signal
inputted thereto. The reference numeral 3 designates a high
speed signal processing portion which has the output of the
phase digitizer 2 as an input and outputs the periodicity
N of the sine wave signal, i.e.,‘%ﬁ; number of the

fundamental waves of the sine wave, and a logical siggal PH

which is 1 within a range of 0° to 180° of the phase of the
sine wave and gg_g‘yithiﬁ a range of 180° to 360°. The
reference numeral 4 denotes a signal'processing'portion for
receiving the outputs of the A/D converter 1 and the high

- speed signal processing portioﬁ 3 and effecting the signal
processing of producing final positional information. A
digital signal processor (DSP) is used as the signal
processing portion 4 to realize high speed processing. Also_'
an incremental type encoder is used as the encoder 5 which'
outputs sine and cosine wa&es in_accordance with position.

The procedure of these operations will hereinafter

This is the replacement sheet
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i"pfocessing portion and is introduced into the DSP 4. Wen the |ogical
signal ERR has becone 1, it is judged that sone sudden di sturbance has been
i nputted froma nechani cal system and for exanple, the output current of
the driver 8 is rendered O to thereby stop the servo operation, thus
I nform ng .the operator that sonme abnormalit has happened. Thereby, a
probl em that the servo systemis destroyed by an abnormal operation due to
a great detection ' '

~11-

be described in succession.

The sine and cosine wave signals outputted from the
encoder 5 are first inputted to the A/D converter 1 and are
outputted as digital values SINX and COSX of 12 bits each.
At the same time, these sine and cosine wave signals are
inputted to the phase digitizer 2, which outputs digital
data M of 3 bits. M is 0 when the phase angle of the sine

wave signal is 0 and increases by 1 durihg each 1/8 of the

period of the sine wave signal. That is, 360° of one period
is divided into eight phase segments, and phase data is

digitized in the order of 0, 1, 2 counter-clockwise from the

first quadrant. The high speed signal processing portion 3
receives thié output increments N by 1" when M changes from
7 to 0, and outputs the périodicity N of the obtained sine
wave signal. At the same time, it outputs a 1ogi¢al signal
PH which becomes 1 when M is 0, 1, 2, or 3, and is 0 when
Mis 4, 5, 6 or 7.

The portion for counting the periodicity of the fundamental
wave generates redundant data N and PH obviate wrong
counting caused by pulse noise or the like as follows.

In the DSP 4, by the use of SINX, COSX, N and PH obtained .

by the above-described procedure, positional
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, rerror, disturbance or the |like can be obviated, and a highly reliable servo
" system can be constructed. This is the replacenent sheet - 17 - The
i nvention may be enbodied in other specific

-12-

information is produced by a procedure shown in the flow
chart of Figure 5. The phase angle @ of the sine wave signal

is first calculated from SINX and COSX. The phase angle is

obtained by calculating the ratio of SINX to COSX, and

applving that ratio to an inverse tangent look up table

prepared ip advance. Next, if ¢ is computed to be in range
of 0° to 180° and the logical signal PH from the high speed

signal processing portion 3 is 0, indicating the phase angle
to be between 180° to 360°, DSP 4 -determines that a mismatch
has occurred between the data obtained from the A/D
convertef 1 and the data obtained by way of the phase
-digitizer 2. The phase angle computed from the digital
signals output from the A/D converter 1 is always considered
" to be the correct phase angle. In this case, the value N
should have increased by 1, since the sine wave passed |
through 0° as indicated by the phase angle compﬁted from the
digital values output from the A/D converter, but did not

because of an error. Accordingly, in order to eliminate this

error, a correcting process of increasing N by 1_to provide
N’ = N + 1 is carried out by the DSP 4. If conversely , g
is computed to be in a range of 180° to 360° and processing
[ . .
portion 3 is 1, indicating the phase angle to be between 0
and 180°, DSP 4 determines that N has been incorrectly

. . . L — N
incremented by 1 too many is from 0° to 180°, it is judged
that 1l more has been in the high speed signal processing

 portion, ‘and N is corrected by subtracting by 1 to thereby

rovide N’ = N - 1.
p 'mmmmemmmmmmsmm
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‘foris Wt hout departing fromthe spirit or essential characteristics

t hereof. The above-descri bed enbodi nents are thereby to be considered in
all respects as illustrative and not restrictive, the scope of the

i nvention being indicated by the appended clains rather than by the
foregoi ng description, and all changegswhich come within the nmeaning and
range of equivalency of the clains are therefore intended to be

When these two conditions do not apply, ie, the phase angle

computed from the digital signals of the A/D converter

correctly matches PH, there is no mismatch between the data

obtained from the A/D converter 1 and the data obtained by
way of the phase digitizer 2 and therefore, the correction
as described above is not neceSsary and_N’ = N.
Thereafter, corrected periodicity N’, multiplie& by 2nr,
and the phase angle § are added to thereby obtain final.

. positional information.
By providing the correcting means as described

above, there can be constructed a2 highly accurate
~position detecting appaﬁatus'in which the mismatch
- between the data obtained from the signel processing
.portions provided in parallel can be prewvented to
thereby eliminate any momentary detection error and
wbich is stable and morecver can cope ;ith high sﬁeed
motion. |

A second embodiment of the present invention is
shown in Figure 6. This embodiment‘is one which a
'ﬁultiplicatioﬁ type D/A converter 6 for correcting the
ampliéudes of the signals f;om the encoder 5 is added
to the first embpdiment shown in Figure 4.

This embodiment is similar in the basic processing
procedure to the first embodiment, but in this
embodiment, by the utilizatién of the fact that the
digital data obtained from the A/D converter 1 are
always introduced into the DSP 4, the maximum values

and minimum values of the A/D converted data SINX and

'mwhmemmmmmmsma
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* énbraced therein. This specification discloses a signal processing
apparatus for processing first and second periodi c anal og signals having
the sane period and having a fixed phase rel ati on therebetween and havi ng
digitizing means for converting the first and second periodi c anal og
signals into first and second digital signals in conformty with the
respective anplitudes thereof, 14—

COSX of the sine and cosine wave signals are held within the
DSP 4. Further, each time the signals from the encoder 5 are
A/D-converter, these maximum values and minimum values are
successively renewed to thereby hold optimum maximum and

minimum values at all times. The amplitudes of the sine wave
and cosine wave signals are then calculated and a correction
signal is outputted to the multiplication type D/A converter

6 and agglied to the sine wave and cosine wave signals so

that they become:equal to each other, and thus, the
correction of thé amplitudes of the signals from the encoder
5 is effected.

By providing suéh gain correcting means, any error
included in the phase angle data ¢ due to the_imbalance of
the gain can be eliminated to thereby enhance the linearity
thereof particularly when the calculation for finding the
inverse tangent shown in the flow chart. of Figure 5 is
effected. The éignals from the encoder 5 can also be set to
the maximum possible amplitudes in the A/D converter 1 and

" phase digitizer 2 in conformity with their maximum input
voltages and therefore, thé influence of a quantization
error occurring when the signals from the encoder Ségég;
small can be minimized. When the input voltage widths of the
A/D converter 1 and phase digitizer 2 differ from each
other, multiplication type D/A converters can be prepared
discretely or'the signals can be suiﬁably attenuated after

they have passed through the D/A.
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-“signal* generating means responsive to the first and second periodic anal og
signals to generate a signal having a period shorter than the period of the
first periodic anal og signal, neans for outputting the periodicity of the
first periodic analog signal and first phase information of the first
periodic anal og signal fromthe signal aggn1the si gnal generating nmeans and
processi ng neans for produci ng second phase

converter 6.

Further, a digital filter may be implemented within the

DSP 4 and high frequency noise which may be included in
the signals from the encoder 5 is attenuated to a
sufficiently negligible level by filter calculation.
Since the digital filter processing by software is
possible, there can be provided a filter having a.
desired cut-off/phase characteristic, such as an FIR
filter of linear phase.

;n the above-described embodiment, a phase
digitizer of at least 1 bit is used with the portion
for counting the periodicity of the fundamental wave to
éive redundancy, thereby improving resistance to

‘disturbagce. Also, provision is made of.a variable
gain amplifier positivély utilizing the phase
information:obtained‘in the phase digitizer portion to.
effect correction or error detection when the

information obtained on the ;n;erpdlation side and the
periodicity of the fundamental are synthesized, and for

further correcting the amplitudes of the sine and cosine

wave signals.

As a third embodiment §f the present invention,.
there is shown the construction of Figure 7 in which an -
2lectromagnetic motor 7 and a motor driver 8 are added N
as an actuator to the consfruction of Figure 6 to
*hefeby provide a positioning servo system. The angle
_ -2f the motor is highly accurately detected by the
-
This Sheet Has Bee;
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“i.:nf oromation of the first periodic analog signal fromthe first and second
digital signals fromthe digitizing neans, and correcting the periodicity
fromthe output nmeans on the basis of the first phase information and the
second phase information. This is the replacenent sheet

- 16 -

procedure shown in the above-described embodiment to
thereby construct such a control system that this angle
coincides with a desired target position. Control
calculation constituting an appropriate compensator on
the basis of the detected angle data is effected within
the DSP .4 and a current reference value to the xrlot‘or
obtained as a result is given to the motor driver- 8,
whereby the highly accurate positioning of the motor

becomes possible.

At this time, the redundancy;in ﬁhe phase angle PH_
realized by the phase digitizer 2 .is utilized more
- positively. That is, a logicél signal ERR_%E__Q;QS long as
the'phase—t.:ligitized value M increases bif 1 each time
inteﬁal and which becomes 1 when M varies by 2 or greater

in the time interval, that is , when the mbnotonicity of M

becomes null, is generated by the high speed signal
p:-r:ocessing porfion and is introduced into the DSP 4. When
_the logical signal ERR has become 1, it is judged

that some sudden disturbance has been inputted from a
mechanical system, and for example, the output current of

the driver 8 is rendered 0 to thereby stop the servo

operation, thus informing the operator that some abnormality -

has happened. Thereby, a problem that the servo system”'is
destroyed by an abnormal operation due to a great detection
error, disturbance or the like can be obviated, and a highly

reliable servo system can be constructed.
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© - 18 - CLAINB 1 -slgnal processi ng apparatus for proce55|ng first and

secorthi S|gnals havi ng the sane period and having a fixed
phase \ ﬂ erebetmeen conpri si ng: dfgigizing nmeans for
conver :

-18-
CLAIMS
1. (Amended} A signal processing apparatus for

processing first and second periodic analog signals having
the same period and having a fixed pbase relationship
. therebetween, comprising:
digitizing means for converting reepective'
amplitudes of the first and second periodic'ana;og signals
nto first and second digital signals; .
signal generating means for generatzng a s;gnal
from the first periodic analog sigmal, the generated signal
baving [a—pewied) an angulax yesolutjon that is (shortar]
larger than the [pewried) ;ggg;g;_;ggg;g;;gg of the first

periodic analog signal;

:irst.processing means for generating, from the

| signal generated by said Eignal'generating means, a _third

gigita; signal representing the periodicity of the first
perlodlc analeg signal and a first ig_g;gg;g;;gg=§;g=g; #.

s and

[phase—information) of the first periodic analoq sigﬁal,
second processing means for producinq g?second
~ ipt i i epresenti o
g;;gg=g;§g;g=g=gg;;gg tphase—inferpation) of the first
periodic analog signal from the first and second digital
signals from said digitizing means, wherein the first

egsolution of the seco inte i sjiona

and—the—second—phasa—information].
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énplitudes_of the first and second periodic analog signals into first and

second digttal—signals; signal generating neans for generating a signal

fromthe /4 i odi ¢ anal og signal, the generated signal having an
angul ar r’ﬂmgﬂﬂﬁ 1”" | arger than the angul ar resolution of the first
periodic cOU ] rst processingl®ans for generating, fromthe
signal generated by said signal generating means, a third

3. (Amended) The apparatus of Claim 1, wherein
said gecond processing means ghandes the third digital sional |
Dy cowparing [compares) the first [phase—information]

intexrpolation gignal with the second jnterpolation signal
[phaso-in:o:nation],

4.  (Amended) The apparatus of Claim 1, wherein
said gecond processing means synthesizes ap_anqular position
from the [¢oxrectad-pexriodicity] changed third signal and the :
second jnterpolation sjomal [phase—ia@o;nation]..

| S. (Amended) The apparatus of Claim 1, further
‘ comprising means for adjusting the regpective ampiitudes of
) “Fsaid}.ggg first and second periodic analocg signals on the
basis of [eaid] ghe first and second digital signals. '

. 6. (Amended) An apparatus for detecting the

displacement of an object by the use of first and second
periodic analog signals generated by the displacement of the

quect and having the same period and having a fixed phase
- relationship therebetween, comprising:
digitizing means for converting respective
amplitudes of the first and second periodic analog signals
into £irst and second digital signals;

_ signal generating means for generating a signal .
from the first periodic analog signal, the generated signal
having fa—peried] an angular yesolution that is [shertax]
larger than the ([pexiod] anqular resolution of the first

periodic analog signal;

fhis is the replacement sheet
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nting the periodicity of the first periodic anal og
S|gn rst i nterpolation signal representing a first interpolation
val u @"ma ml;u of the first periodic analog' signal; and second

pr ocessi producing a second interpolation signal representing a
second |nterpolat|on value within a pey (1od of the first periodic anal og:
signal fromthe first and second digital signals fromsaid

first processing means for generating, from the
signal generated by said signal generating means,-a third

Qigital signal representing the periodicity of the first
periodic analog signal and g first interpolation signal

e i a_interpolation value within a perj (phase

infoxrmation] of the first periodic analog signal; and

second processing means for producing:é_second

within a period [phase—infermatiocn] of the first periodic

analog signal from the first and second digital szgnals from

said di@iﬁizinq means, wherein the first interpolation sigmal

has lutio wary n a an o jo
e d interpol on _signa d changing the
s on the b 's'o he first interpolation signa

and the second intexpolation signal (feor-Correcting-the

infermatien], and for synthesizing the displacement of the
cbject from the fcorrected-pericdicity] changed third digital
Siqnal) and the second interpolation signal [phase—information

7. The apparatus of Claim 6, wherein the resolution of
said first phase information is lower than that of said .
second phase information. '

8 (Amended) The apparatus of Claim 6, wherein
said gscond processing means ghanges the third digital siepal
by comparing (ccmpazes] the first interpolation sienal (phase.
information] with the second interpolatjon sicmal (phase
___infermation).
This Sheet Has B This is.the replacement sheet
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neans ~Wherein the first interpolation signal has angul ar
resol ﬂﬂ ”WH angul ar resolution of the second interpol ation
si gnals, ng the third digital signal on the basis of the first
|nterpolat|on %lgha and the second interpolation signal. 2. The

apparatus  of Claim 1, wherein said segand processing neans changes the
third digital signal by conparing the first interpolation signal with the

second

9. (Amended) The apparatus of Claim 6, further
comprising means for adjusting the respective amplitudes of

feaid] the first and second periodic analog signals on the
basis of fsaid] the first and second digital signals.

10. (Amended) The apparatus of Clainm 6, wherexn

said £ixst processing means detects a chagge a_change of the signal

This Sheet Has Been R : | '
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‘anérbolation si gnal . - 19 - 3. The appar at us of Claim 1, wherein
sai d second processing neans synthesizes dn angul ar position fromthe
changed third signal and the second interpol ation signal.

-22-

SIGNAL PROCESSING APPARATUS AND DISPLACEMENT DETECTING

APPARATUS USING THE SAME

IN THE ABSTRACT =

A signal processing apparatus is provided for
processing first and second periodic analog signals having
the same period and having a fixed phase relationship
therebetween. the apparatus includes an A/D converter for
converting reépective amplitudes of the first and second
periodic analog signals into first and second digital
signals. The apparatus also includes a phase digitizer for
generating a.signal from the first periodic analog signai,
the generated signal having a period that is shorter than

the claims by replacing the claims with the patented claims.

Figure 4
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first processing means fdr generating, from the signal
generated by said signal generating means, a third digital signal
representing the periodicity of the first periodic analog signal
and a first interpolation signal representing a interpolation
value within a period of the first periodic analog signal; and

second processing = means for producing a second
interpolation signal representing an interpolation value within
a period of the first periodic analog signal from the first and
second digital signals from said digitizing means; wherein the

first J.nterpolatJ.on signal has a: angular resolution lower than

a angular resolution of the second interpolation s:l.gnal, and for
changJ.ng the third digital signal on the basis of the first
interpolation s:l.gnal and the second interpolation signal, and for
synthéizing the displacement of the object from the changed third
digital signal and the second interpolation signal.

7. The apparatus of claim 6, wherein said second processing
means changes the third digital signal by comparing the first
interpolation signal with the second interpolation signal.

8. The apparatus of Claim 6, further comprising means for
adjusting the respective amplitudes of the first and second
periodic analog signals on the basis of the first and second
digital signals.

9. The apparatus of Claim 6, wherein said first processing
means detects a change of the signal generated by said signal
generating means.

i 1‘,1:/1:1;7&,5)
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"relzationship therebetween, conprising: digitizing. neans for

converting respective anplitudes of the first and second periodi ¢ anal og
signals into first and second digital signals; signal genertaing neans for
generating a signal fromthe first periodic anal og signal, the generated
signal having an angular resolution that is larger thag ghFEEgn)%. ar

ENT SHEET

resolution of the first periodic anal eg2si~gnal ; REPLACEM

A signal processing apparatus is provided for
processing first ahd second periodic analog signals having
the same'period and having a fixed phase relationship
therebetween. the apparatus includes an A/D converter fof
converting respective amplitudes of the first and seéond
periodic analog signals into first and second digital
signals. The apparatus also includes a phase digitizér for
generating a.signal from the first periodic analog.signai,
the generated signal having a period that is shorter than

the claims by replacing the claims with the patented claims.



first pﬁodeﬁﬁfngfgaané f. ki genecatung, [ron1the si gnal generated by* Bas
R n,hwq1 I ‘signal representing the
periodicityfro ' o

si gnal geneﬁrﬁ:“n--n:_gcgeang, - cg dlt a
ofsh LSLoper “anat og signal and a fi n
signal represepi wpﬁ‘%eggeglntg?% gtlon value within a Bﬁﬁggﬁﬂgggo QﬁZH
periodic analog S|gnar* RdsBcBHE processing neans for ng a

second |nbeLoaLaL{ n SI nal r senul an |nterpolat|on value within a
peri od of Lﬁ‘ ép E%BEl@“@ﬁéﬁ@g signal fromthe first*-and

converter 6.

Further, a digital filter may be implemented within the
0OSPF 4 and high frequency'noise which may be included in
the signals from the encader S is attenuatad to a
sufficiently negligible level by filter calculation.
Since the digital filter grocessing by software is
passible, there can be provided a filter having a'
desired cut-cff/phase characteristic, such as an FIR

N\ £filter of linear phase;

;n the above-described embodiment, a phase
digitizer of at least 1 bit is used with the portion
for counting the periodicitf of the fundamental wave to
é;va redundancy, thereby improviag resistance to
disturbance. Also, provision is made of.a variabls
gain amplifier positively utilizing the phase

__.informaticn.obtaineﬁ.in the phase digitizer portion to
:affect correction or error detection when the

information obtained on the internolatiod side and the

per1od1c1ty of the féndamental _wave are .synthesized, and for
further correctlng the amplxtudes of the sine and cosine

wave signals.

As a thifd embodiment of the present invention,.
there is shown the construction of Figure 7 in which an R
electromagnetic motor 7 and a motor driver 8 are added N
as an actuator to the consfrﬁction of Figure 6 to
thefeby provide a positioning servo system. The angle

of the motor is highly accurately detected by the



secandxzdigital signals fromsaid digitizing means, wherein the first
| ntier pol ati on signa as a angul ar: resol ution Iomer t han a angul ar

oo T et o o1 Pohe 77t ncer poratt on 445 ﬂm&g

second’ i rft etpolfat§ ont si gnal, and for syntheizing the dlspla

obj ect .fromthe changed th|rd digital

si gnal .

CLAIMS :

1. A signal processing apparatus for processing first
and second periodic analog signals having the same period
and having a fixed phase relationship therebetween,
comprising:

digitizing means for converting respective
amplitudes of the first and second periodic analog
signals into first and second digital signals;

signal generating means for generating a signal from
the first periodic analog signal, the generated signal
having an angular resolution that is larger than the
angular resolution of the first periodic analog signal;

first processing means for generating, from the
signal generated by said signal generating means, a third
digital signal representing the periodicity of the first
periodic analog signal and a first interpolation signal
representing a first interpolation value within a perlod
of the first periodic analog signal; and ‘

second processing means for produCLng a second
interpolation signal representing a second interpolation
value within a period of the first periodic analog signal
from the first and second digital signals from said
digitizing means, wherein the first interpolation signal
has andular resolution lower than angular resolution of

the second interpolation signal, and for changing the
third digital signal on the basis of the first
interpolation signal and the second interpolation signal.

2. The apparatus of Claim 1, wherein said second

processing means changes the third digital signal by
comparing the first interpolation signal with the second
interpolation signal.

hTrd

t he

élgnal and the second interpolation
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The apparatus of claim5, wherein said second Rro E E?
chaﬂges ”ﬂlumummyﬁl signal by conparing the first int }3 %‘E@?
si gnal nterpol ation signal. 7. The appara

5, further conpr|5| hg freans for adjusting the respective anplitudes of the
first and second -19 -

3. The apparatus of Claim 1, wherein said second
processing means synthesizes an angular position from the
changed third signal and the second interpolation signal.

4. The apparatus of Claim 1, further comprising means
for adjlusting the respective amplitudes of the first and
second periodic analog signals on the basis of the first
and second digital signals.

S. An apparatus for detecting the displacement of an
\ object by the use of first and second periodic analog
signals generated by the displacement of the object and
having the same period and having a fixed phase
relationship therebetween, comprising:
digitizing means for converting réspective
amplitudes of the first and second periodic analog
signals into first and second digital signals;
signal genertaing means for generating a signal from
the first periodic analog signal, the generated signal
having an angular resolution that is larger than the
angular resolution of the first periodic analog signal;
first processing means for generating, from the signal
generated by said signal generating means, a third digital signal
(N representing the periodicity of the first periodic analog signal
and a first interpolation signal representingadn interpolation
value within a period of the first periodic analog signal; and

second processing means for producing a second
interpolation signal representing an interpolation wvalue within
a period of the first periodic analog signal from the first and
second digital signals from said digitizing means, wherein the
'first interpolation signal has a angular resolution lower than
a angular resalution of the second interpolation signal, and for
changing the third digital signal on the basis of the first
interpolation signal and the second interpoclation signal, and for
syntheizing the displacement of the object from the changed third
digital signal -and the second interpolation signal.



per i odit—amatog—stgnats—on the basis of the first and second digital

si gial g, Yatus of daimb5, wherein said first processin
means ﬂ"l m‘uu of the signal generated by said siBrRIACEMEAH SYE
means. " Lo RS e Y4 WPRE
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6. The apparatus of claim 5, wherein said second processing
means changes the third digital signal by comparing the first
interpolation signal with the second interpolation signal.

I The apparatus of Claim 5, further comprising means for
adjusting the respective amplitudes of the first and second
periodic analog signals on the basis of the first and second
digital signals.

8. The apparatus of Claim 5, wherein said first processing

means detects a change of the signal generated by said signal

generating means. \



