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(54) Interpolation in incremental
measurement

(57) A pair of sinusoidal signais S, and
S,. which, 90° in phase apart, are
produced by a photoelectric scanning
device G when it moves over a
graduated scale M. These signals S,
and S, are converted into square

waves S,’ and S," and complete
period portions of one or the other are
counted forwards or backwards by a
counter Z, the counting direction
depending on which wave S’ or S,
leads, as detected by a direction
detector D. Analog values of the
sinusoidal signals S, and S, are
sampled and held at SP, and SP,
respectively and alternately digitized
by an A-to-D converter U, with an
input switch W. A digital computer R
corrects the digital signals for errors of
symmetry, uniformity of amplitude
and 90° phase displacementin S, and
S, by referring to stored correction
data, and computes interpolated
values for each signal period. The
computed interpolated values are
synthconized with the countin the
counter Z by the computer R and the
final result indicated numerically at an
indicating unit A.
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SPECIFICATION
Interpolation in incremental measurement

The invention relates to methods of interpolating position dependent periodic electrical analog

signals in electrical incremental position measuring apparatus.

As is known, incremental measuring systems, from which the invention starts, supply pulses, the

number of which represents a measure of linear displacement or movement or of angle of rotation.
These pulses are added up as travel or distance elements in an electronic forward/backward counter

and the measured value is indicated numerically.

The resolving power of such measuring systems is limited by the grating constant of the precision

scales which are used. Efforts have already been made to achieve smaller dig
measuring systems, in particular through electronic expedients.

ital steps in incremental

In a known interpolation arrangement — as used most frequently — the analog signals {primary

signals) are displaced in phase with respect to one another and are applied to a resistance chain having

a number of adjustable potentiometers. By tapping the potentiometers, a multiplicity of secondary
signals can be produced, these secondary signals being located between the primary signals and
consequently making interpolation possible (e.g. Swiss Patent Specification No. 407 569).

in practical application, arrangements having resistance networks for producing secondary signals

do not permit a high subdivision factor. The amount of circuitry required for this purpose, which

increases enormously with an increasing subdivision factor, sets limits to any
particular in respect of design, production technique and cost.

wide application, in

A device for determining the angular position between the rotor and the stator of a synchro is

known from U.S. Patent Specification 3,618,073, in which device three analog signals from the stator

which differ in phase with respect to one another by 120° are respectively demodulated and a logic

circuit selects a suitable combination of two analog signals which represents

an angular sector. The

selected analog signals are digitalised by means of an analog-to-digital converter and are fedto a

processor for the calculation of angular values within a segment, which angular values are outputted in

digital form.

However, we have found that, with a high subdivision factor, it is advantageous to carry out

corrections before interpolation.
The object of the invention is to provide a method of interpolating positi

electrical analog signals, which allows accurate subdivision within a signal period even in the case of a

high subdivision factor.
This is essentially achieved, in accordance with the invention, by digitali

ion dependent periodic

sing the analog signal by

means of a converter, by feeding these digital data to a digital computer, by storing, in a memory
associated with the digital computer, previously determined correction values, and by using these

correction values for compensating the signal parameters.

The invention is defined in claim 1 hereinafter, and preferred features thereof are defined in claims

2 to 4.

An embodiment of the invention will now be described with reference to the accompanying
drawing in which the sole figure is a block diagram of an electrical linear incremental measuring

apparatus.

In the drawing, the references G, M indicate a linear incremental measuring system. The reference

G indicates the scanning device, the reference M the grating scale. The above-mentioned parts G, M

may be mounted on the bed and slide of, for example, a processing or working machine or a measuring

machine. The scanning device G and the scale M are movable relative to one
shown by the arrow.

The scanning device G contains a grating scanning plate, an illumination system and photoelectric
cells which transform the light flux modulated at the gratings into sinusoidal electric output signals S,

another in the direction

S, (sin x, cos x) displaced in phase with respect to one another by 90°. The analog signals S,, S, are

supplied through respective amplifiers V,, V, to respective trigger circuits T,, T, and are thus converted
into rectangular signals S,’, S,'. The reference D indicates a direction discriminator and the reference Z
an electronic forward/backwards counter which counts pulses generated by the direction discriminator

D correctly according to sign.

Measuring systems of the above-described type are generally known and therefore do not require

any further description.

A digital computer R is employea for interpolation, i.e., for subdividing each signal period into a

plurality of digital steps. Preferably, a mini- or micro-computer is used as the

computer R.

The count result of the forward/backward counter Z and a binary control signal which is the

rectangular signal S,

', are fed into the computer R. Position values which indicate the relative position

of the scale M and scanning device G at any given time can be read off in numerical form at an

indicating unit A. The computer R moreover produces synchronisation betwe
values of the full signal period and of interpolation values.

en the indication of the

The arrangement shown permits interpolation even during the movement of the measuring

system G, M. To store instantaneous values of the amplified signal S, or S,, a res|

pective sample and hold
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circuit SP,, SP, is connected on the input side of an analog-to-digital converter U,. Additional stores
(digital stores) SP, SP, are also located in the leads between the computer R and the trigger circuit T,
and between the computer R and the forward/backward counter Z, respectively. In the embodiment, the
stores SP,, SP,, SP; and SP,, are controlled by means of the computer R. It is a matter of course that
control of the above-mentioned stores SP,, SP,, SP, and SP, may also take place by means of an
external command.

The arrangement also manages with only one analog-to-digital converter U,. Between the store
SP,, SP, and the converter U, there is provided an electronic switch W which, controlled by means of
the computer R, connects the stores SP, and SP, alternately to the converter U,.

With a high subdivision factor, which can be achieved by means of the computer R, a correction is
moreover advantageously carried out in the digital values before application of the interpolation
algorithm. The digital values formed from the analog signals S,, S, are corrected, preferably for
symmetry, uniformity of amplitude and 90° phase displacement. The correction values are stored in the
computer R as a correction table.

The calculation of the interpolated position values P can take place in the computer R, for example,
in accordance with the formula:

N U
P =-—arctan
27 Ugos

sin
where N is the subdivision factor

if Ugin < Ugos and Ug, and U, are instantaneous values
of the voltages of the output signais.
or

N U
P =—arc cot
27 Ugin

cos

if usin > Ucos

The expert will be familiar with the appropriate programming of the computer R and this therefore
does not require any further explanation.

The method according to the invention is not confined to the analog signals being substantially
sinusoidal, but is also applicable, for example, with triangular signals. The invention is also not limited to
the photo-electric measuring system which has been described and it is obvious that the interpolation
arrangement can also be used in conjunction with inductive, magnetic and capacitive measuring
systems.

CLAIMS

1. A method of interpolating position dependent periodic electrical analog signals in an electrical
incremental position measuring apparatus in which a graduated member is scanned by a scanning
device which produces the said analog signals during a scanning operation, and the said analog signals
are supplied to an evaluation and display unit, the'method including producing for each of a succession
of signal period length signal portions obtained from at least one of the said analog signals
corresponding interpolated values, the said signal period length signal portions, before the forming of
the corresponding interpolated values, being corrected for certain parameter errors, if present, by means
of a correction process including conversion of each of the said signal period length signal portions into
corresponding digital signals, and processing of the corresponding digital signals by digital computing
means, previously determined correction values stored in a store associated with the computing means
being referred to in the execution of the correction process.

2. A method according to claim 1, wherein the conversion of the said signal period length signal
portions includes sampling and holding of values of the said at least one analog signal.

3. A method according to claim 1 or 2, wherein there are two of the said analog signals, the two
analog signals having equal periods and being displaced in phase relative to one another, and the
method including forward or backward counting of signal periods of at least one of the two analog
signals in dependence upon the phase relation thereof, and synchronization with the aid of the digital
computing means of display of measurement values corresponding to the counted signal periods and
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the interpolated values.
4. A method according to claim 3, wherein the correction process corrects for

(a) the presence of a direct-current component in the analog signals,
(b) non-uniformity of amplitude of the analog signals, and
(c) errors in the phase difference between the analog signals. 5
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