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Description

Method and system for determining motion parameters

associated with an object

The present invention is related to a method and a system for

determining motion parameters associated with an object.

Various systems are inherently dependent on such technology
that is able to determine the position of one or more movable
objects. Some examples of such systems include various
industrial automation and control systems such as precision
instrumentation, positioning tables, robotics, printers,
plotters, tape drives, machine automation, medical devices,

and so on.

One such method and system is known from US 7,710,553. The
afore-mentioned reference relates to an apparatus that
includes an illumination source that illuminates a reference
surface including a coded sequence of reference markings, a
detector that generates an output indicative of the coded
sequence of reference markings from light reflected from the
reference surface, and an electronics module receiving output
indicative of the coded sequence of reference markings from
the detector, processing the received signal to determine a
width and a centroid location of individual reference
markings in the coded sequence of reference markings, and
deriving angle or position information based on the widths

and centroid locations of the individual reference markings.

The functioning of the detector, among other factors, depends
on the frame rate for capturing the sample frames. This
factor, in turn, influences the threshold speed of the object
below which the object may be satisfactorily tracked to
determine the motion parameters. In order to be able to
satisfactorily track fast motion of the object, a high-frame

rate image acgquisition system is desirable.
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Thus, the system and method for determining the motion
parameters of an object using optical means necessitates
availability of high-frame rate image acgquisition systems for
satisfactory performance. This factor considerably increases

the cost of such systems.

It is an object of the invention to determine one or more
motion parameters associated with an object while obviating
the need of expensive high-frame rate image acquisition

systems.

The object of the present invention is achieved by a method
according to claim 1 and a system according to claim 10.
Further embodiments of the invention are addressed in the

dependent claims.

In lieu of directly increasing the image acquisition frame
rate, the method and system first capture and subsequently,
separate at least two distinct colour channels in each image
of an object corresponding to at least two distinct sampling
periods during which a surface of the object is illuminated
with light of at least two distinct colours, and thereby,
effectively multiply the frame rate. Each colour channel,
thus separated, includes a sample pattern that is indicative
of a position of the object corresponding to the respective
sampling period and hence, facilitates determination of one
or more motion parameters associated with the object. Thus,
the present invention facilitates determination of one or
more motion parameters associated with an object moving at a
high speed through use of light of distinct colours for

illuminating the surface.

In accordance with an embodiment of the present invention,
the distinct sampling periods are intervened by an
intermediate time delay. The intermediate time delay acts as
a separator between the individual sampling periods such that

the distinct sampling periods capture distinct portions of
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the object at varying time instants during its motion in

distinct colour channels.

In accordance with another embodiment of the present
invention, the one or more motion parameters are computed
based on a pattern matching between each sample pattern and
at least a sub-set of reference patterns selected from a set
of reference patterns, wherein each reference pattern
uniquely corresponds to a distinct position of the object.
This technical feature enables identification of a reference
pattern matching to a sample pattern, and thereby,

facilitates determination of a position of the object.

In accordance with another embodiment of the present
invention, the sub-set of reference patterns is selected from
the set of reference patterns based on a predictive motion
analysis, wherein the predictive motion analysis predicts a
range of likely positions of the object corresponding to the
image based on one or more motion parameters determined at a
preceding time instant. Thus, during the real-time
processing, a sample pattern is compared with the sub-set of
reference patterns, thus selected, instead of the set of
reference patterns, and therefore, the real-time processing
speed of the system and method is improved. These technical
features further ensure that the system and method are
implementable without requiring undue amount of computational

resources.

In accordance with another embodiment of the present
invention, a set of optical patterns is defined such that
each optical pattern is distinct, and the set of optical
patterns is disposed on the surface of the object such that
each optical pattern is associated with a distinct portion of
the surface of the object, and such that each sample pattern
comprises at least one optical pattern. The individual
optical patterns, thus disposed, are easily identifiable and
thus, the pattern matching between a sample pattern and a

reference pattern is greatly facilitated. Thus, these
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technical features improve the efficiency of the system and

method of the present invention.

In accordance with another embodiment of the present
invention, each reference pattern is an image of at least a
portion of the surface of the object unigquely corresponding
to a distinct position of the object. As each reference
pattern is associated with a distinct position of the object,
it facilitates retrieving the position information from the

sample pattern through pattern matching.

In accordance with another embodiment of the present
invention, each optical pattern is an encoded symbol
generated based on an encoding criterion, and further wherein
the one or more motion parameters associated with the object
are computed through decoding the encoded symbol extracted
from each sample pattern based on a decoding criterion. Thus,
the position information may be determined from the sample
pattern through pattern decoding, without the necessity of
creating reference patterns and pattern matching between a

sample pattern and multiple reference patterns.

The present invention is further described hereinafter with
reference to illustrated embodiments shown in the

accompanying drawings, in which:

FIG 1 illustrates a system for determining one or more

motion parameters associated with an object,

FIG 2 illustrates a schematic representation of an

image processor based on pattern matching,

FIG 3 illustrates a schematic representation of an

image processor based on pattern decoding,

FIG 4 illustrates an exemplary timing diagram for

illuminating a surface of the object with the
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FIGS 5A-5C

FIGS ©A-6C

FIG 7

FIG 8

FIGS 9A-9E

FIG 10

FIG 11

FIG 12

PCT/EP2011/072725

light of distinct colours and capturing the

light reflected from the surface of the object,

illustrate various exemplary schemes for
disposing a set of optical patterns on a surface

of an object undergoing rotary motion,

illustrate various exemplary schemes for
disposing a set of optical patterns on a surface

of an object undergoing rotary motion,

illustrates various exemplary schemes for
disposing a set of optical patterns on a surface

of an object undergoing linear motion,

illustrates various exemplary schemes for
disposing a set of optical patterns on a surface

of an object undergoing linear motion,

illustrate a schematic representation of various
sets of optical patterns, a colour channel, a

sample pattern, and a set of reference patterns,

illustrates a high-level flow diagram
corresponding to a method for determining one or
more motion parameters associated with an

object,

illustrates a detailed flow diagram
corresponding to a method for determining one or
more motion parameters associated with the

object based on pattern matching, and

illustrates a detailed flow diagram
corresponding to a method for determining one or
more motion parameters associated with the

object based on pattern decoding.
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Various embodiments are described with reference to the
drawings, wherein like reference numerals are used to refer
to like elements throughout. In the following description,
for purpose of explanation, numerous specific details are set
forth in order to provide a thorough understanding of one or
more embodiments. It may be evident that such embodiments may

be practiced without these specific details.

FIG 1 illustrates a schematic representation of a system 100
for determining one or more motion parameters associated with
an object. The system 100 comprises a light source 102 to
illuminate at least a portion of a surface of the object, an
optical sensor 104 to capture light reflected from the
surface and generate an image, and an image processor 106 to
compute one or more motion parameters associated with the

object.

The light source 102 illuminates the surface with light of at
least two distinct colours during distinct sampling periods.
The optical sensor 104 captures light reflected from the
surface to generate an image of the surface. The image
includes at least two distinct colour channels capable of
distinguishing the at least two distinct colours of the
light. The image processor 106 is adapted for retrieving a
sample pattern from each of the at least two distinct colour
channels. Each sample pattern is indicative of a position of
the object. The image processor 106 is further adapted for
computing the one or more motion parameters based on the

sample patterns.

The light source 102 is capable of producing light of at
least two distinct colours. In various embodiments of the
present invention, any suitable light source known in the art
may be used. Various examples include, but are not limited
to, gas-discharge based devices such as xenon flash devices,
light emitting diodes (LEDs) such as high current flash LEDs.
In accordance with an exemplary embodiment of the present

invention, the light source 102 includes multiple coloured
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LEDs to produce light of distinct colours. In accordance with
an alternative exemplary embodiment of the present invention,
the light source 102 includes a white-coloured LED in
combination with multiple wavelength conversion materials
such as phosphors with different excitation and emission
wavelengths such that the colour of light produced from the
light source 102 may be adjusted.

The light source 102 is such that each colour channel
corresponding to the respective distinct colour light is
easily distinguishable from the remaining colour channels in

the image.

This is achieved by selecting a light source in which each
distinct colour is one of the set of primary colours
including, but not limited to, well-known additive primary
colour sets such as RGB (Red, Green, Blue) set and
subtractive primary colour sets such as RYB (Red, Yellow,
Blue) set. Thus, in one example, the at least two distinct
colours produced by the light source 102 are selected from
the set of primary colours including red, green and blue
colours. The present invention shall be explained hereinafter
with reference to the light source 102 producing red, blue
and green colours. However, it should be noted that the
aforementioned colour sets have been specified by way of
example and should not be construed to limit the present
invention. It will be apparent that the present invention
shall work satisfactorily so long as the colour channels in
the image are easily distinguishable. Moreover, it is
possible to implement the present invention using a light
source producing light of two distinct colours instead of

three distinct colours.

The light of each colour is produced during distinct sampling
periods. The distinct sampling periods are intervened by a
predefined time delay such that the sampling periods capture
the surface at varying time instants in distinct colour

channels. In accordance with an embodiment of the present
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invention, the distinct sampling periods initiated based on
predefined time delays with respect to a reference time. This
facilitates accurate timing of the distinct sampling periods
during which the surface of the object is illuminated using
light of distinct colours and the light reflected from the

surface is captured.

The surface of the object reflects the light projected by the
light source 102. For example, the surface illuminated using
the light source 102 producing light of three distinct
colours - red, green and blue during distinct sampling
periods will reflect red colour light, green colour light and

blue colour light during the respective sampling periods.

The optical sensor 104 captures the light reflected from the
surface during each of the sampling periods in which the
light source 102 produces light of distinct colours to
generate one image of at least a portion of the surface of
the object. The image, thus generated, has at least two
distinct colour channels capable of distinguishing the at
least two distinct colours of the light. The number of colour
channels in an image is equivalent to the number of distinct
colours illuminating the surface. Thus, illuminating the
surface with light of distinct colours and exposing the
optical sensor 104 for the entire duration enable capturing
the surface at varying time instants in distinct colour

channels in one image.

It is in order to mention that although the sampling period
refers to a time interval during the surface of the object is
illuminated with light of a distinct colour and the 1light
reflected from the surface of the object is captured
corresponding to one colour channel in an image, the
information embodied in the colour channel itself is
representative of a time instant during the motion of the

object.
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The image processor 106 is adapted for retrieving the sample
pattern, which is indicative of a position of the object,
from each of the at least two distinct colour channels, and
computing the one or more motion parameters based on the
sample patterns. The image processor 106 processes the image
to isolate individual colour channels in the image.
Subsequently, the image processor 106 processes the
individual colour channels using retrieve a sample pattern
from each of the individual colour channels. The image
processor 106 uses the sample patterns, thus retrieved, to
compute the motion parameters associated with the object. The
technical features and functioning of image processor 106
will be further explained in more detail in conjunction with
FIGS 2 and 3.

The present invention, as described herein, is suitable for
determining the motion parameters of an object that is in
relative motion with respect to the system 100, in
particular, the optical sensor 104. In various exemplary
embodiments of the present invention, the system 100 is
static while the object is in motion. Alternatively, the

object is static while the system 100 is in motion.

It is imperative to mention that the present invention is
equally applicable to various possible kinds of motion of the
object relative to the system 100 for determining motion
parameters including, but not limited to, rectilinear motion,
rotational motion, and a combination thereof. Accordingly the
present invention facilitates implementation of linear
encoders used for computation of motion parameters related to
linear motion, such as linear position, linear displacement,
linear velocity, and linear acceleration as well as rotary
encoders used for computation of motion parameters related to
rotary motion, such as rotational position, rotational
displacement, rotational wvelocity, and rotational

acceleration; and a combination thereof.



10

15

20

25

30

35

WO 2012/103982 10 PCT/EP2011/072725

FIG 2 illustrates a schematic representation of the image
processor 106 based on pattern matching. The image processor
106 includes a colour-plane slicing module 202 to isolate
individual colour channels in an image generated by the
optical sensor 104, a pattern matching module 204 to match
each sample pattern retrieved from the distinct colour
channels and at least a sub-set of the reference patterns
selected from a set of reference patterns, a predictive
motion analysis module 206 to select the sub-set of reference
patterns from the set of reference patterns, a memory module
208 to store the set of reference patterns, and a motion
computation module 210 to compute the motion parameters

associated with the object.

In accordance with an embodiment of the present invention,
the system 100 can operate in two distinct modes of
operation, namely, a first mode of operation, which is
referred to as a calibration mode of operation and a second
mode of operation, which is referred to as a tracking mode of

operation.

During the calibration mode of operation, the object is
static. The light source 102 illuminates a surface of the
object during a sampling period. The optical sensor 104
captures the light reflected from the surface of the object
during the sampling period to generate an image of at least a
portion of the surface of the object. The image processor 106
retrieves a reference pattern from the image, associates the
reference pattern with the current position of the object and
stores the reference pattern, along with information
corresponding to the current position of the object. Thus, a
reference pattern corresponding to the current position of
the object is generated. The object is subjected to a
predefined gquantum of, linear or angular, as the case may be,
displacement and steps for generating the reference pattern
are repeated and thus, a reference pattern for the new
position is generated. This process of subjecting the object

to predefined quantum of displacement and generating the
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reference pattern corresponding to the current position is
iteratively performed for the entire range of distinct
positions of the object. Thus, a set of reference patterns is
created during the calibration mode of operation. The set of

reference patterns is stored in the memory module 208.

It should be noted that the size of predefined quantum of
displacement is based on the desired level of resolution with
which the position of the object may be determined. Further,
several variations are possible with regard to light used for
illuminating the object. For example, it is possible to use
white light for generation of the reference patterns.
Alternatively, 1t is possible to use light of one distinct
colour. Further, although the calibration mode of operation
is intended to generate only one set of reference patterns,
it is possible to create separate sets of reference patterns
for each colour channel. All such variations are intended to

be well within the scope of the present invention.

During the tracking mode of operation, the object is dynamic
and undergoes motion within a specified range of operable
speeds depending on a function of the object. The light
source 102 and the optical sensor 104 operate as explained in
conjunction with FIG 1. Thus, the image generated by the
optical sensor 104 includes at least two distinct colour

channels.

The colour-plane slicing module 202 processes the image
including two or more colour channels to isolate the

individual colour channels present in the image.

As explained earlier, during the calibration mode of
operation, a set of reference patterns is generated and is

stored in memory module 208.

The predictive motion analysis module 206 maintains motion-
related data corresponding to expected values of one or more

motion parameters associated with the object. In accordance
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with various embodiments of the present invention, the
motion-related data may be pre-recorded in the predictive
motion analysis module 206 or the motion-related data may be
fetched from the motion computation module 210 during initial
stages of the tracking mode of operation. Further, the
motion-related data stored in the predictive motion analysis
module 206 may be updated during the tracking mode of
operation at regular intervals. The predictive motion
analysis module 206 predicts a range of likely positions of
the object during a given sampling period in accordance with
the motion-related data corresponding to one or more
preceding sampling periods. For example, the information
related to position and velocity of the object during a
preceding sampling period and the information related to the
time elapsed between the preceding sampling period and a
current sampling period may be used to predict the range of
likely positions of the object during the current time
instant. In accordance with the predicted range of likely
positions of the object, a sub-set of reference patterns is
selected from the set of reference patterns in the memory
module 208. It is evident that the reference patterns
included in the sub-set of reference patterns will be

continually changed during the motion of the object.

The pattern matching module 204 retrieves a sample pattern
from each individual colour channel and matches the sample
pattern with the sub-set of reference patterns provided by
predictive motion analysis module 206. The reference pattern
providing the closest match to the sample pattern is
identified and the position of the object corresponding to
the reference pattern is identified as the position of the
object during the sampling period corresponding to the sample
pattern. The pattern matching module 204 provides the
information related to the position of the object as well as
the corresponding time instants to the motion computation
module 210.
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The pattern matching module 204 matches the sample pattern
with one or more reference patterns in the sub-set of
reference patterns based on generating a match-measuring
metric between the sample pattern and the reference pattern.
The match-measuring metric provides an indication as to the
extent of match between the sample and the reference

patterns.

The pattern matching module 204 may use any suitable match-
measuring metric known in the art. The match-measuring
metrics, that may be used in the present invention as
described herewith, broadly correspond to two distinct
approaches namely, feature-based approach and template-based

approach.

The feature-based approach is based on matching one or more
features present in the sample and the reference patterns.
The spatial features that may be used for generating a
feature-based metric include corners, edges, blobs, and

ridges.

The template-based approach uses metrics based on sum or mean
values such as Sum of Absolute Differences (SAD), Sum of
Absolute Transformed Differences (SATD), Sum of Squared
Deviations (SSD). The corresponding mean values based metrics
namely, Mean Absolute Difference (MAD), Mean of Absolute
Transformed Differences (MATD), and Mean Squared Deviations
(MSD), may also be used. In addition, the template-based
approach may use a correlation-based metric. These metrics
are well-known in the art and a detailed description of these

metrics is not being included for sake of brevity.

In order to improve the accuracy, one or more match-measuring
metrics may be combined. The reference pattern that provides
the highest match based on a combination of the match-
measuring metric 1s selected as the second portion for

subsequent processing.
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The motion computation module 210 receives the position of
the object as well as the corresponding time instants from
the pattern matching module 204 and computes various motion
parameters associated with the object based on the position

and time information.

The distance and displacement of the object are computed
based on a first position of the object and a second position
of the object. The speed and the velocity are computed based
on a ratio of distance and the corresponding time period, and
a ratio of distance and the corresponding time period

respectively.

In accordance with an embodiment of the present invention, a
set of optical patterns is defined such that each optical
pattern is distinct and the set of optical patterns is
disposed on the surface of the object such that each optical
pattern is associated with a distinct portion of the surface
of the object. Each reference pattern generated during the
calibration mode of operation includes at least one optical
pattern. Similarly, each sample pattern generated during the
tracking mode of operation includes at least one optical
pattern. Thus, the ease, efficiency, and accuracy of pattern
matching between the sample and the reference patterns are

significantly improved.

FIG 3 illustrates a schematic representation of the image
processor 106 based on pattern decoding. The image processor
106 includes a colour-plane slicing module 302 to isolate
individual colour channels in an image generated by the
optical sensor 104, a pattern decoding module 304 to decode
each sample pattern retrieved from the distinct colour
channels in accordance with a decoding criterion, a memory
module 306 to store the decoding criterion, and a motion
computation module 308 to compute the motion parameters

associated with the object.
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A set of optical patterns is defined such that each optical
pattern is a distinct encoded symbol generated based on an
encoding criterion. The set of optical patterns is disposed
on the surface of the object such that each optical pattern
is associated with a distinct portion of the surface of the
object. Thus, each encoded symbol is associated with a
distinct position of the object. The optical patterns are
such that each sample pattern includes at least one optical
pattern. The decoding criterion corresponding to the encoding
criterion used for generation of encoded symbols is stored in

the memory module 306.

The light source 102 and the optical sensor 104 operate as
explained in conjunction with FIG 1. Thus, the image
generated by the optical sensor 104 includes at least two

distinct colour channels.

The colour-plane slicing module 302 is similar to the colour-
plane slicing module 202, and processes the image including
two or more colour channels to isolate the individual colour

channels present in the image.

As stated earlier, each optical pattern disposed on the
surface of the object is an encoded symbol. The pattern
decoding module 304 retrieves a sample pattern from each
individual colour channel and decodes an encoded symbol
included therein, based on the decoding criterion stored in
the memory module 306 to obtain information related to the

position of the object.

The encoding and decoding is based on any suitable encoding-
decoding technique known in the art. Various examples of such
encoding-decoding techniques include, but are not limited to,

various types of linear bar-codes and matrix bar-codes.

Fach bar-code is a unique encoded symbol and is associated
with a distinct position of the object. Thus, the pattern

decoding module 304 determines the information related to the
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position of the object. The information related to the
position of the object as well as the corresponding time

instants are provided to the motion computation module 308.

The motion computation module 308 is similar to motion
computation module 210, and receives the position of the
object as well as the corresponding time instants from the
pattern decoding module 304 and computes various motion
parameters associated with the object based on the position
and time information in a manner described in conjunction
with FIG 2.

FIG 4 illustrates an exemplary timing diagram for
illuminating a surface of the object with the light of
distinct colours and capturing the light reflected from the
surface of the object. FIG 4 shows a timing signal 402 which
provides a reference time, a timing signal 404 which triggers
the light source 102 to produce light of a first colour, a
timing signal 406 which triggers the light source 102 to
produce light of a second colour, a timing signal 408 which
trigger the light source 102 to produce light of a third
colour, a timing signal 410 which triggers the optical sensor
104 to capture light reflected from the surface. The timing
diagram illustrated is for the light source 102 producing

light of three distinct colours.

As mentioned earlier, the timing signal 402 provides a
reference time to control the remaining timing signals shown
in FIG 4. The timing signals 404, 406, and 408 are such that
the light source is triggered to produce light of the first,
the second and the third colours at a time delay of T:, T,
and T3 respectively from the reference time provided by the
timing signal 402. The sampling periods during which light of
the first, the second and the third colours is produced

correspond to on-times S;, S, and S3; respectively.

The timing signal 410 is such that the optical sensor 104 is

triggered to capture light reflected from the surface
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starting from the reference time provided by the timing
signal 402. The sampling period during which light reflected
from the surface of the object is captured corresponds to on-
time E. Thus, in effect, the timing signal 410 regulates an

exposure time of the optical sensor 104.

As evident from the figure, the timing signals 404 through
410 are controlled such that the on-times S;, S; and S; are
necessarily within the on-time E. This ensures that the light
reflected from the surface in response to illumination by
light of distinct colours produced by the light source 102 is
captured within one exposure time of the optical sensor 104
such that the image includes distinct colour channels that
comprise spatial and temporal information related to the

moving surface at varying time instants.

It should be noted that the duration of illumination by light
source 102 during each sampling period is sufficiently short
such that the surface features, as captured by the optical
sensor 104, are not blurred in the resulting image. Thus, 1in
effect, the illumination by the light source 102 is
equivalent to a light flash used in optical imaging systems.
In order to ensure improved performance of the present
invention, it is preferable to prohibit light from any other
source to illuminate the parts of surface being sampled by
the system of the present invention lest it should distort

the image being captured by the optical sensor 104.

In accordance with another embodiment of the present
invention, the timing signals 404, 406, and 408 are such that
the light source is triggered to produce light of the first
and the second colours at an intervening time delay of Di,
and light of the second and the third colours at an
intervening time delay of D; independent of any reference

time.

In accordance with various embodiments of the present

invention, for a specified exposure time of the optical
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sensor 104 (on-time E), time delays Ti, T2, and Ts or
intervening time delays D: and D, are adjusted based on a
desired operable range of speeds of the object for
determining motion parameters in accordance with the field of
the application. As the maximum value of velocity to be
determined increases, the time delays Ti, T, and T3 are so
adjusted that the intervening time delays Di and D, are
reduced and vice versa. Thus, for determining motion
parameters associated with relatively faster moving surfaces,
the intervening delays are decreased and for determining the
motion parameters associated with relatively slower moving

surfaces, the delays are increased.

FIGS 5A to 5C illustrate various exemplary schemes for
disposing a set of optical patterns on a surface of an object
500 undergoing rotary motion. FIGS 5A to 5C show the object
500 undergoing rotary motion about an axis A-A’. The object
500, as shown in the FIG 5A to 5C, is a cylindrical shaft.

FIG 5A shows an optical pattern 502 is imprinted on the
cylindrical surface of the object 500. Similarly, FIG 5B
shows an optical pattern 504 is imprinted on the planar end
surface of the object 500 perpendicular to the axis A-A’. In
the embodiments shown in FIG 5A and FIG 5B, the light source
102 and the optical sensor 104 are suitably positioned to
image the portion of surface of the object 500 where the
optical patterns 502 and 504 are disposed. FIG 5C shows both
the optical patterns 502 and 504 are disposed on the
cylindrical surface and the planar end surface of the object
500 respectively. In this embodiment, two sets of the light
source 102 and the optical sensor 104 are positioned to image
both the optical patterns 502 and 504. The results obtained
through the two sets the light source 102 and the optical
sensor 104 may be triangulated for improved accuracy.
Alternatively, one set may be used as a fail-safe provision

against the possible failure of the other set.



10

15

20

25

30

35

WO 2012/103982 PCT/EP2011/072725

19

FIGS 6A to 6C illustrate exemplary schemes for disposing
optical patterns on a surface of an object 600 undergoing
rotary motion. FIGS 6A to 6C show an object 600 undergoing
rotary motion about an axis A-A’. The object 600, as shown in
the FIG 6A to 6C, is a cylindrical shaft. FIGS 6A to 6C also
show a cylindrical sleeve 606 mounted on the object 600. It
is also possible to manufacture the object 600 such that the
cylindrical sleeve 606 is an intrinsic part of the object
design instead of being externally mounted on the object. FIG
6A shows an optical pattern 602 is imprinted on the
cylindrical surface of the cylindrical sleeve 606. Similarly,
FIG 6B shows an optical pattern 604 is imprinted on the
planar end surface of the cylindrical sleeve 606
perpendicular to the axis A-A’. In the embodiments shown in
FIG 6A and FIG 6B, the light source 102 and the optical
sensor 104 are suitably positioned to image the portion of
surface of the cylindrical sleeve 606 where the optical
patterns 602 and 604 are disposed. FIG 6C shows both the
optical patterns 602 and 604 are disposed on the cylindrical
surface and the planar end surface of cylindrical sleeve 606
respectively. In this embodiment, two sets of the light
source 102 and the optical sensor 104 are positioned to image
both the optical patterns 602 and 604.

FIG 7 illustrates an exemplary scheme for disposing optical
patterns on a surface of an object 700 undergoing linear
motion. The object 700, as shown in the FIG 7, is in the form
of a cuboid. However, the object 700 may have any geometrical
form factor so long as there is at least one surface on the
object 700 that is amenable to disposing an optical pattern.
An optical pattern 702 is imprinted on one of the surfaces of
the object 700.

FIG 8 illustrates an exemplary scheme for disposing optical
patterns on a surface of an object 800 undergoing linear
motion. FIG 8 also shows a planar strip 804 mounted on the
object 800. An optical pattern 802 is imprinted on the planar

strip. The light source 102 and the optical sensor 104 are
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suitably positioned to image the portion of surface of the

planar strip 804 where the optical pattern 802 is disposed.

FIGS 9A to 9E illustrate a schematic representation of
various optical patterns 902a, 902b, and 902c, a colour
channel 904, a sample pattern 906, and a set of reference
patterns 908. FIG 9A shows the optical pattern 902a suitable
for deposition on a surface of an object in accordance with
exemplary schemes shown in FIGS 5A and ©6A. FIG 9B shows the
optical pattern 902b suitable for deposition on a surface of
an object in accordance with exemplary schemes shown in FIGS
5B and 6B. FIG 9C shows the optical pattern 902c suitable for
deposition on a surface of an object in accordance with
exemplary schemes shown in FIGS 7 and 8. Each optical pattern
902, as used herein, is a set of optical patterns Pi, P2, Ps3,
and so on. Each optical pattern P; through P, is distinct

from the other optical patterns in the set.

FIG 9D shows the colour channel 904 and the sample pattern
906 retrieved from the colour channel 904, as explained in
conjunction with FIG 1, 2, and 3. As shown in FIG 9D, the
sample pattern 906 includes the optical pattern P3;. The size
of optical patterns P; through P, and the size of the colour
channel 904 are so adjusted that each colour channel 904
contains at least one optical pattern. In a limiting case,
the size of the optical patterns P; through P, is same as the

size of the colour channel 904.

FIG 9E shows the set of reference patterns 908 that are
stored in the memory module 208 as described in conjunction
with FIG 2.

FIG 10 illustrates a high-level flow diagram corresponding to
a method for determining one or more motion parameters

associated with an object.

At step 1002, a surface of the object is illuminated with

light of at least two distinct colours during distinct
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sampling periods. The distinct sampling periods are such that

they lie within an exposure time of an optical sensor.

At step 1004, the light reflected from the surface of the
object during the distinct sampling periods is captured to
generate an image of at least a portion of the surface of the
object such that the image includes at least two distinct
colour channels capable of distinguishing the at least two

distinct colours of the light.

At step 1006, a sample pattern is retrieved from each of the
at least two distinct colour channels. EFEach sample pattern is

indicative of a position of the object.

At step 1008, the one or more motion parameters associated

with the object are computed based on the sample pattern.

FIG 11 illustrates a detailed flow diagram corresponding to a
method for determining one or more motion parameters

associated with the object based on pattern matching.

At step 1102, the surface is illuminated with light of at
least two distinct colours during distinct sampling periods.
The distinct sampling periods are such that they lie within

an exposure time of an optical sensor.

At step 1104, the light reflected from the surface during the
distinct sampling periods 1s captured to generate an image of
at least a portion of the surface of the object such that the
image includes at least two distinct colour channels capable
of distinguishing the at least two distinct colours of the
light.

At step 1106, the image is processed to isolate the

individual colour channels in the image.
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At step 1108, a sample pattern is retrieved from each of the
at least two distinct colour channels. EFEach sample pattern is

indicative of a position of the object.

At step 1110, the sample pattern is matched to at least a
sub-set of the reference patterns selected from a set of
reference patterns, wherein each reference pattern uniquely
corresponds to a distinct position of the object. The sub-set
of reference patterns is selected from the set of reference
patterns based on a predictive motion analysis. The
predictive motion analysis provides a range of likely
positions of the object corresponding to the image based on
one or more motion parameters determined at a preceding time
instant. The technical features related to pattern matching
between the sample pattern and the sub-set of reference
patterns have been explained in more detail in conjunction
with FIG 3.

At step 1112, the one or more motion parameters associated
with the object are computed based on the pattern matching
between the sample pattern and the sub-set of reference

patterns.

FIG 12 illustrates a detailed flow diagram corresponding to a
method for determining one or more motion parameters

associated with the object based on pattern decoding.

The steps 1202 through 1208 are same as step 1102 through

1108, which were described in conjunction with FIG 11.

The sample pattern retrieved from the at least two distinct
colour channels includes an encoded symbol which is encoded
using an encoding criterion. Each encoded symbol is

associated with a distinct position of the object.

At step 1210, the encoded symbol is decoded using a decoding
criterion and the information, thus obtained, is used to

ascertain the position of the object.
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At step 1212, the one or more motion parameters associated
with the object are computed based on sample pattern

decoding.

Thus, the embodiments of the present invention, as described
herein, enable determining motion parameters such as
displacement, velocity and acceleration associated with an

object using a relatively less expensive system.

The system and method of the present invention eliminate the
requirement of high speed cameras, which are bulky and need
external cooling systems, for capturing images of the objects
moving at high speeds. In lieu of increasing the image
acquisition frame rate, the present invention utilizes light
of at least two distinct colours to track motion parameters

of a fast moving object.

Owing to the fact that the present invention facilitates the
use of low-frame rate image acquisition systems, the desired
levels of image resolution may be achieved without any
significant cost overheads. Thus, the present invention
facilitates use of high-resolution cameras. As the image
resolution increases, the accuracy and the precision of the

optical encoder is also enhanced.

As the intervening delays between sampling periods
corresponding to an image are easily regulated, the present
invention provides a robust system and method suitable for
determining a large range of motion parameters associated
with the object.

The present invention will be useful for encoder applications
in industrial automation and other similar fields. The
present invention is equally applicable to implementation as
an incremental encoder, an absolute encoder, and a multi-turn

encoder.



10

WO 2012/103982 24 PCT/EP2011/072725

While the present invention has been described in detail with
reference to certain embodiments, it should be appreciated
that the present invention is not limited to those
embodiments. In view of the present disclosure, many
modifications and variations would present themselves, to
those of skill in the art without departing from the scope
and spirit of this invention. The scope of the present
invention is, therefore, indicated by the following claims
rather than by the foregoing description. All changes,
modifications, and variations coming within the meaning and
range of equivalency of the claims are to be considered

within their scope.
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Claims

1. A method for determining one or more motion parameters
associated with an object comprising:

- illuminating a surface of the object with light of at least
two distinct colours during distinct sampling periods,

- capturing light reflected from the surface to generate an
image of at least a portion of the surface of the object, the
image comprising at least two distinct colour channels
capable of distinguishing the at least two distinct colours
of the light,

- retrieving a sample pattern from each of the at least two
distinct colour channels, wherein each sample pattern is
indicative of a position of the object, and

- computing the one or more motion parameters based on the

sample patterns.

2. The method according to claim 1, wherein the distinct
sampling periods are intervened by an intermediate time
delay, wherein the intermediate time delay is determined

based on a specified range of speeds of the object.

3. The method according to claim 1 or 2, wherein the one or
more motion parameters are computed based on a pattern
matching between each sample pattern and at least a sub-set
of reference patterns selected from a set of reference
patterns, wherein each reference pattern uniquely corresponds

to a distinct position of the object.

4. The method according to claim 3, wherein the sub-set of
reference patterns is selected from the set of reference
patterns based on a predictive motion analysis, wherein the
predictive motion analysis predicts a range of likely
positions of the object corresponding to the image based on
one or more motion parameters determined at a preceding time

instant.

5. The method according to claim 3 or 4, further comprising
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- defining a set of optical patterns, wherein each optical
pattern is distinct; and

- disposing the set of optical patterns on the surface of the
object such that each optical pattern is associated with a
distinct portion of the surface of the object, and such that
each reference pattern and each sample pattern comprise at

least one optical pattern.

6. The method according to any of claims 3 to 5 further
comprising recording the set of reference patterns, wherein
each reference pattern is an image of at least a portion of
the surface of the object uniquely corresponding to a

distinct position of the object.

7. The method according to claim 5, wherein each optical
pattern is an encoded symbol generated based on an encoding
criterion, and further wherein the one or more motion
parameters associated with the object are computed through
decoding the encoded symbol extracted from each sample

pattern based on a decoding criterion.

8. The method according to any of claims 1 to 7, wherein the
object is undergoing linear motion, whereby the one or more
motion parameters comprise at least one of a linear position,
a linear displacement, a linear velocity, and a linear

acceleration of the object.

9. The method according to any of claims 1 to 7, wherein the
object is undergoing rotary motion, whereby the one or more
motion parameters comprise at least one of an angular

position, an angular displacement, an angular velocity, and

an angular acceleration of the object.

10. A system for determining one or more motion parameters
associated with an object comprising:

- a light source for illuminating a surface of the object
with light of at least two distinct colours during distinct

sampling periods,
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- an optical sensor for capturing light reflected from the
surface of the object to generate an image of at least a
portion of the surface of the object, the image comprising at
least two distinct colour channels capable of distinguishing
the at least two distinct colours of the light, and

- an image processor adapted for retrieving a sample pattern
from each of the at least two distinct colour channels,
wherein each sample pattern is indicative of a position of
the object, and computing the one or more motion parameters

based on the sample patterns.

11. The system according to claim 10, wherein the image
processor further comprises a pattern matching module for
pattern matching between each sample pattern and at least a
sub-set of the reference patterns selected from a set of
reference patterns, wherein each reference pattern uniquely

corresponds to a distinct position of the object.

12. The system according to claim 11, wherein the image
processor further comprises a predictive motion analysis
module for selecting the sub-set of reference patterns from
the set of reference patterns based on a predictive motion
analysis, wherein the predictive motion analysis predicts a
range of likely positions of the object corresponding to the
image based on one or more motion parameters determined at a

preceding time instant.

13. The system according to any of claims 10 to 12 further
comprising

- an optical pattern generator for defining a set of optical
patterns, wherein each optical pattern is distinct; and

- means for disposing the set of optical patterns on the
surface of the object such that each optical pattern is
associated with a distinct portion of the surface of the
object, and such that each sample pattern comprises at least

one optical pattern.
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14. The system according to any of claims 11 to 13, wherein
the image processor comprises a memory module storing a set
of reference patterns, wherein each reference pattern is an
image of at least a portion of the surface of the object

uniquely corresponding to a distinct position of the object.

15. The system according to claim 13, wherein each optical
pattern is an encoded symbol generated based on an encoding
criterion, further wherein, the image processor comprises a
pattern decoding module for decoding the encoded symbol
extracted from each sample pattern based on a decoding

criterion.

16. The system according to any of the claims 10 to 15,
wherein the system is adapted for performing the method

according to any of the claims 1 to 9.
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