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White paper

Safety first - the position determination and checking
algorithms of the RESOLUTE™ true-absolute optical

encoder

Method of position calculation

RESOLUTE is an optical encoder that uses a measuring

scale consisting of dark lines on a bright substrate as shown

in Figure 1. The fundamental scale period is 30 um but
selected lines are missed out in order to encode absolute
position information.

Figure 1: Image of absolute scale

Algorithm 1 calculates position by deceding a single image
without using any information about previous positions. The
first stage of the process is to calculate the phase of the
image; this stage is similar to that performed by incremental
encoders and results in an answer that is some fraction of the
fundamental scale period, i.e. a value between 0 and 30 pm,
with a resolution of better than 1 nm. Each image of the scale
extends approximately 2 mm in the direction of measurement
and the scale is designed such that in any one image there
are sufficient dark lines to calculate phase accurately. This
phase calculation defines the short distance accuracy,
resolution and noise performance of the encoder.

The phase information is used to locate the centre of each
potential line on the scale. A correlation is then performed
on the image at each of these locations to ascertain whether
there is a dark line present or not. This results in a 65-bit

binary number corresponding to the scale pattern directly
below the readhead. Only a quarter of these bits are required
to define a unique position. The remaining bits provide
redundant information so that the correct position can be
ascertained even if some of the scale is obscured. An error
detection and correction algorithm is then used to convert the
bit sequence to the readhead’s coarse absolute position. The
full algorithm 1 position is formed by combining the coarse
position (whole number of scale periods) with the phase
information.

Image sensor %

Detector lens

h— i —
-lsolute scale
T iR o

®

Figure 2: RESOLUTE optical scheme

Algorithm 2 calculates position by linear extrapolation from
the two most recent previous position readings. To do this, it
assumes that the velocity of the encoder since the previous
reading is the same as that measured between the two
previous positions. The error in this calculation is determined
by the time between sequential readings, the accuracy of

the previous readings, any timing uncertainties and the
relative acceleration of the readhead and scale. For a typical
system that requests position every 62.5 ps with a maximum
acceleration between the readhead and scale of 100 m/s?
(10 g), algorithm 2 will have a maximum error of £1.2 um. The
readhead makes sure that there is never more than 75 ps
between images by capturing extra images between requests
if necessary.
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