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(54) METHOD AND SYSTEM FOR ANALYZING CUTTINGS COMING FROM A WELLBORE

(57) The disclosure relates to a method for analysing
cuttings exiting a borehole. The method comprises taking
at least an image of a sample of cuttings on a background
surface, obtaining spectra representative of the image in
the (hue, saturation, brightness) coordinate space,
wherein each spectrum is associated to a coordinate and
is representative of the distribution of the values of the

pixels for the coordinate. Based on the spectrum and the
values of each pixel for the associated coordinate, clas-
sifying the pixel in one of a plurality of groups, wherein
each group is representative of a type of objects within
the image, i.e. cuttings and background surface. The
method also comprises determining at least a cuttings
zone in the image based on the classification of the pixels.



EP 3 340 113 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND

[0001] The disclosure relates to a method and system for analysing cuttings coming from a wellbore and obtained
during drilling, as well as to a computer program for analysing cuttings based on an image of a sample of the cuttings
on a background surface
[0002] During the drilling process of an oil well or of a well of another effluent - in particular gas, vapour or, water -,
cuttings are brought to the surface after they have been cut from the formation by drilling mud circulating in the wellbore.
[0003] It is known to carry out analysis of the rock cuttings brought to the surface. Such analysis allows the creation
of a detailed record of the geologic formations of a borehole, in function of the well bore depth and may allow to derive
information for instance concerning the lithology of the formation.
[0004] Among several known analyses, it is common to take at least an image of a sample of cuttings on a background
surface, in particular via a high resolution microscope.
[0005] Generally, this image is analysed by a geologist in order to determine the size of the cuttings, and, if possible
the nature of the cuttings. Such work takes a substantial amount of time and is generally performed in a lab away from
the drilling installation.

SUMMARY

[0006] The disclosure relates to a method for analysing cuttings exiting a borehole. The method comprises taking at
least an image of a sample of cuttings on a background surface, obtaining spectra representative of the image in the
(hue, saturation, brightness) coordinate space, wherein each spectrum is associated to a coordinate and is representative
of the distribution of the values of the pixels for the coordinate. Based on the spectrum and the values of each pixel for
the associated coordinate, classifying the pixel in one of a plurality of groups, wherein each group is representative of
a type of objects within the image, i.e. cuttings and background surface. The method also comprises determining at
least a cuttings zone in the image based on the classification of the pixels.
[0007] It also relates to a system for analyzing cuttings exiting a borehole comprising an imaging device for taking at
least an image of a sample of cuttings on a background surface and a calculator. The calculator is configured, for an
image, to obtain spectra representative of the image in the (hue, saturation, brightness) coordinate space, wherein each
spectrum is associated to a coordinate and is representative of the distribution of the values of the pixels for the coordinate.
It is also configured to classify the pixel in one of a plurality of groups, wherein each group is representative of a type of
objects within the image, i.e. cuttings and background surface, based on the spectrum and the values of each pixel for
the associated coordinate and to determine cuttings zone in the image based on the classification of the pixels.
[0008] The system and method according to the disclosure enable to get accurate information in a minimum amount
of time regarding the imaged cuttings.
[0009] The disclosure also relates to a computer program for analyzing cuttings exiting the wellbore based on an
image of a sample of the cuttings on a background surface. The program comprises machine-readable instructions to
obtain spectra representative of the image in the (hue, saturation, brightness) coordinate space, wherein each spectrum
is associated to a coordinate and is representative of the distribution of the values of the pixels for said coordinate, to
classify the pixel in one of a plurality of groups, wherein each group is representative of a type of objects within the
image, i.e. cuttings and background surface, based on the spectrum and the values of each pixel for the associated
coordinate and to determine cuttings zone in the image based on the classification of the pixels.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Various aspects of this disclosure may be better understood upon reading the following detailed description
and upon reference to the drawings in which:

FIG. 1 is a schematic diagram of a drilling installation comprising a system according an embodiment of the disclosure,

FIG. 2 is a flow diagram of a method according to an embodiment of the disclosure,

FIG. 3 is an image of cuttings exiting the wellbore analyzed as part of the method according to FIG. 2

FIG. 4 is a spectrum of the image of FIG. 3 in the (hue, saturation, brightness) coordinate space, obtained as part
of the method according to FIG. 2,
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FIG. 5 is a processed image showing pixels of the image of FIG. 2 classified according to the method of FIG. 2,

FIG. 6 is a processed image showing contours of cuttings zones in the image of FIG. 3 as obtained in relationship
with the method of FIG. 2

FIG. 7 shows a processed image obtained on the basis of another image than the image of FIG. 3, showing contours
of cuttings zones and splitting line for splitting cuttings zones into subzones, obtained according to the method of
FIG. 2.

FIG. 8 is a flow diagram of a method according to another embodiment of the disclosure,

DETAILED DESCRIPTION

[0011] One or more specific embodiments of the present disclosure will be described below. These described embod-
iments are examples of the presently disclosed techniques. Additionally, in an effort to provide a concise description of
these embodiments, some features of an actual implementation may not be described in the specification. It should be
appreciated that in the development of any such actual implementation, as in any engineering or design project, numerous
implementation-specific decisions may be made to achieve the developers’ specific goals, such as compliance with
system-related and business-related constraints, which may vary from one implementation to another. Moreover, it
should be appreciated that such a development effort might be complex and time consuming, but would still be a routine
undertaking of design, fabrication, and manufacture for those of ordinary skill having the benefit of this disclosure.
[0012] When introducing elements of various embodiments of the present disclosure, the articles "a," "an," and "the"
are intended to mean that there are one or more of the elements. The terms "comprising," "including," and "having" are
intended to be inclusive and mean that there may be additional elements other than the listed elements. Additionally, it
should be understood that references to "one embodiment" or "an embodiment" of the present disclosure are not intended
to be interpreted as excluding the existence of additional embodiments that also incorporate the recited features.
[0013] An installation 12 for drilling a borehole is described on FIG. 1.
[0014] Such an installation 12, comprises a rotary drilling tool 14 drilling a cavity 16 ; a surface installation 18, where
drilling pipes are placed in the cavity 16.
[0015] A borehole 20, delimiting the cavity 16, is formed in the substratum 21 by the rotary drilling tool 14. At the
surface 22, a well head 23 having a discharge pipe 25 closes the borehole 20.
[0016] The drilling tool 14 comprises a drilling head 27, a drill string 29 and a liquid injection head 31.
[0017] The drilling head 27 comprises a drill bit 33 for drilling through the rocks of the substratum 21. It is mounted on
the lower portion of the drill string 29 and is positioned in the bottom of the drilling pipe 20.
[0018] The drill string 29 comprises a set of hollow drilling pipes. These pipes delimit an internal space 35 which makes
it possible to bring a drilling fluid from the surface 22 to the drilling head 27. To this end, the liquid injection head 31 is
screwed onto the upper portion of the drill string 29.
[0019] The drilling fluid is a drilling mud, in particular a water-based or oil-based drilling mud.
[0020] The surface installation 18 comprises a support 41 for supporting the drilling tool 14 and driving it in rotation,
an injector 43 for injecting the drilling fluid and a shale shaker 45.
[0021] The injector 43 is hydraulically connected to the injection head 31 in order to introduce and circulate the drilling
fluid in the inner space 35 of the drill string 29.
[0022] The shale shaker 45 collects the drilling fluid charged with drilling residues, known as cuttings, said drilling fluid
flowing out from the discharge pipe 25. The shale shaker comprises a sieve 46 allowing the separation of the solid drilling
cuttings 47 from the drilling mud. The shale shaker 45 also comprises an outlet 48 for evacuating the drilling cuttings 47.
[0023] Cuttings obtained at the outlet 48 have been cut from the formation when drilling and may be useful in order
to evaluate the formation and characterize one or several of its properties, such as its mineralogy, lithology, porosity,
density, etc. It is known to perform analysis on the cuttings in order to derive at least some of these properties from such
analysis.
[0024] The disclosure relates to a method and system for analysing cuttings exiting the borehole via the outlet 48 for
instance. The system may be situated at the rig site, in the vicinity of the shale shaker 45 as is disclosed on FIG.1 or in
a cabin a few hectometres from the shale shaker or away from the rig site, in a laboratory.
[0025] The system according to the disclosure comprises a sampler for collecting the cuttings at the outlet 48. The
sampler is here a container 49. It also comprises an imaging device 54 for taking at least an image of a sample of cuttings
on a background surface. The imaging device (also called imager in the following of the specification) is for instance an
optical or electronic microscope.
[0026] The system may also comprise a preparation unit 52 for instance for washing, drying, separating, etc. the
cuttings of the sample.
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[0027] In the embodiment shown on FIG.1, the sample of cuttings is automatically sampled, transferred to the prep-
aration device 52 and then to imaging device 54 via a conveyor 50 and atransport device 58. The preparation and/or
imaging may be performed automatically via any appropriate devices commanded via an appropriate sequence of actions
of devices 52, 54. Alternatively, any conveyance device may also be used for transporting the cuttings
[0028] The system also comprises a calculator 56 connected at least to the imager in order to receive images taken
by the imager. The calculator may be a personal computer for instance. It may comprise a storage unit for storing
programs and a processor for executing one or several programs as well as a communication module for communication
at least with the imager. The calculator 56 may comprise an analysis module 59 in order to analyze the image taken by
the imager as will be described below. It may also optionally comprise a control unit 60 for controlling the preparation
and imaging of the sample in which case it is also able to communicate with the conveyor 50, the preparation device
52, the imager 54 and the transport device 58. The calculator may be situated in the vicinity of the imager or remotely
from the imager. It may also comprise several modules situated at different locations, for instance one situated in the
vicinity of the imager and one situated remotely from the imager.
[0029] The installation described above is only exemplary. In another embodiment, the sample may be manually
collected, and transferred by an operator to a cabin and imaged, and optionally prepared, there.
[0030] The method 100 according to an embodiment of the disclosure will now be described in accordance with FIG.
2. The method first comprises collecting a sample of cuttings (block 102) at the outlet 48 of the shale shaker 45. As
indicated earlier, collection may be performed in any manner, manually or automatically, in a bag or in a container, etc.
Then the method comprises preparing the sample for the imaging (block 104). The preparation may comprise sequentially
washing, rinsing, drying, sieving the sample of rocks or at least one of these operations. Preparation is optional.
[0031] Then, the method may comprise placing the prepared sample of rocks on a background surface (block 106).
The background surface may be a surface of any color. A reference background surface may be determined for better
results but the method may as well be performed with several background surfaces having different color properties.
Once the cuttings have been placed on the background surface, the method comprises taking an image of the sample
of cuttings on the background surface (block 108) with the imaging device such as the optical or electronic microscope.
An exemplary image 109 is shown on FIG. 3. On this image a background surface 110 is shown as well as cuttings
112A, 112B distributed on the background surface 110.
[0032] Once the image has been taken, the method comprises the operation of analysing the image (block 113). This
operation is performed by the calculator 56. Its purpose is to separate cuttings zone from background zones in the image.
It will enable to characterize, once the cuttings zone have been identified, one or more properties of the cuttings.
[0033] This operation first comprises collecting the coordinate values of all of the pixels in the image in the (red, blue,
green) space (block 114) and to convert these values in coordinate values in the (hue, saturation, brightness) coordinate
space (block 116). In the following, (hue, saturation, brightness) coordinate space will also be designated by (H,S,B)
space. The (H,S,B) space is a well-known space in the image processing field. Hue is a coordinate representative of
the color itself while saturation is the expression of the color intensity/purity and brightness represents the brilliance.
[0034] Once the values of all the pixels are obtained in the (H,S,B) space, the method comprises building a spectrum
representative of the image in the (H,S,B) space (block 118). It consists in representing, for each coordinate, the distri-
bution of the pixels of the image in view of their values for said coordinate. It comprises plotting the spectrum (block
120). The plotted spectrum represents for instance a number of pixels having a given value of hue, for each hue value
(if the spectrum is a hue spectrum). The coordinate values may be normalized for facilitating its processing, i.e. the
lowest hue value is set to 0 and the highest is set to 1.
[0035] In order to highlight a trend in the spectrum, the method may comprise filtering the spectrum before plotting it
(block 122). In a particular embodiment, filtering the spectrum comprises discretizing the coordinate values of the pixels,
ie defining a finite numbers of values within the value range of all of the pixel of the image (the range being for instance
[0;1] when the coordinates are normalized) and linking each value of each pixel to one of the discrete value, ie the value
to which it is the closest. For instance, discretizing the coordinate values of the pixels comprises the following operation
in a normalized coordinate space in which 11 discrete values are obtained: 

[0036] Of course, this is only an example and any number of discrete values may be chosen to build the spectrum.
The filtering of the spectrum is optional or may also be performed in any other appropriate way.
[0037] The method comprises performing operation 118 for all three coordinates of the (H,S,B) coordinate space i.e.
hue, saturation and brightness, as shown by operations 118A, 118B and 118C on FIG. 2. These operations may be
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performed sequentially or in parallel for the three coordinates. They are represented as performed in parallel on the flow
chart of FIG.2.
[0038] FIG.4 shows a plot 124 representing spectra obtained for the image of FIG. 3 after the operation 118. The plot
124 shows in absciss 126 the normalized value of the coordinates and in ordinate 128 the number of pixels having a
given normalized value (possibly discrete). It also shows the spectrum corresponding to hue in dashed line (130), the
one corresponding to saturation in straight line (132) and the one corresponding to brightness in dotted line (134).
[0039] Once the spectrum for each coordinate has been obtained, peaks are detected in each of the spectrum (blocks
136A, 136B, 136C). Any appropriate peak detection technique may be used to do so.
[0040] Then the method comprises assessing if the coordinate is a reliable indicator for differentiating cuttings from
the background surface (blocks 137A-137C). As shown in relationship with one of the coordinate, this operation comprises
determining if there is more than one peak in the spectrum (block 138) for said coordinate. If the spectrum shows no
peaks or only one peak, the method stops there for the coordinate (block 140). It is indeed considered that the coordinate
is not a reliable indicator for differentiating cuttings from the background surface as the background surface and cuttings
have features too close for the coordinate.
[0041] If the spectrum shows two peaks or more, like on FIG.4, where all the spectra show two distinct peaks, the
method proceeds to assessing if two of the detected peaks overlap is inferior to a predetermined threshold (block 142).
Assessing if two peaks overlap is inferior to a predetermined threshold may be performed by comparing values repre-
sentative of each of the two peaks. Such comparison may for instance include performing one or more tests such as
assessing if the difference of the coordinate value (absciss value) at the maximum of each peak (in ordinate value) is
over a predetermined threshold value. Such assessment is shown on FIG. 4 for the hue coordinate, wherein the maximum
of each peak are designated as 143A, 143B and the distance or difference between two peaks is shown at 145. For the
purpose of the example we will consider that the test here consists in determining if the difference between the coordinate
value of two peaks is over 0.35.
[0042] However, the assessment may also comprise assessing if the number of pixels (ordinate) associated to the
intersection of the peaks is under a predetermined threshold. The assessment may also comprise a comparison test of
a variable including a variance or a standard deviation of each of the peaks to a threshold value, the variable being for
instance a ratio of the distance between the coordinate values of the peak maxima versus the product of the standard
deviation of each peak. A plurality of tests may be also performed for assessing if the peaks overlap is inferior to the
predetermined threshold. If several tests are performed, the method may comprise giving a weight to each of the test
or computing an indicator representative of the combination of the tests.
[0043] If the assessment shows that the two peaks overlap is above the predetermined threshold, like it is the case
for the saturation and brightness in FIG. 4 (difference of the coordinate values of the peak maxima below 0.35), peaks
are gathered and considered as one (block 144). In this case, method goes back to block 138 counting the new number
of peaks and determining if it is greater than one. If not, the coordinate is not considered as forming a reliable indicator
either. In the case of FIG. 4, saturation and brightness would not have been considered as a valid coordinate.
[0044] If the assessed peaks overlap is inferior to a predetermined threshold, which corresponds here to a distance
between two peaks superior to a predetermined threshold, like it is the case for the hue spectra of FIG.4 (distance 145
= 0.4), the method proceeds to test if all the peak combinations have been assessed (block 144), i.e. if the assessment
for all the possible groups of two peaks have been performed. If not, method returns to block 142 in order to assess the
remaining combination of peaks. If it is done, method goes on to block 146.
[0045] Concerning operation 144, all the combinations of peaks do not need to be assessed. Alternatively, the closest
peak to a predetermined peak only is tested.
[0046] At block 146, the method determines at least a value representative of each peak. The determination may for
instance comprise taking the coordinate value (absciss value) at the maximum of the peak (in ordinate) as shown on
the corresponding spectrum, such as hue values 141A, 141B.
[0047] A more complex but more accurate approach may also be selected. Such approach may for instance include
selecting a range of coordinate values (absciss values) corresponding to the peak (for instance the range situated
between the coordinate values at the two minima of the peak). Ranges 147A, 147B are shown on FIG. 4 for the hue
coordinate. The method may then comprise taking the non-filtered coordinate values of all the pixels belonging to this
range for the predetermined coordinate. The value(s) representative of the peak for the predetermined coordinate is
computed based on a statistical indicator representative of this set of pixels. Such indicators may be the mean of the
coordinate value of the pixels situated in the pixel set, standard deviation or variance of coordinate value such set, etc.
[0048] When the values representative of each of the peaks are determined, the method comprises assigning a set
of reference values, corresponding to or derived from the values representative of a peak, to a group representing a
type of object (block 148). The type of objects comprises the background surface and at least one type of cuttings. The
method here seeks at least to differentiate the background surface from the cuttings.
[0049] To do so, the method comprises a calibration operation (block 99) before the operation of assigning the reference
values to the groups. The calibration operation comprises identifying at least a pixel representative of the background
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by clicking on it. It may also comprise clicking on/selecting several pixels representative of the background or taking an
image of the background surface alone. From the obtained pixel coordinate value(s), all representative of the background
surface, one or several calibration background reference values for each coordinate are obtained (for instance, when
several pixels have been considered by obtaining the mean of the coordinate values of such pixels for each coordinate).
The calibration operation has to take place before the assignment of the reference value to each of the groups. Here, it
is shown just before the cuttings collection or after the image has been taken but it can happen any time before the
assignment operation. It can even happen only once for a given type of background surface when the background
surface is standardized and/or re-used. If not, the calibration may be performed for each image but is very short and easy.
[0050] When calibration background reference value(s) are obtained from the calibration, the assignment operation
includes comparing at least a value representative of a peak (for instance, average or maximum) to the calibration
background reference value, for instance by subtracting the reference value of the peak to the calibration background
reference value. It also comprises determining a peak that would correspond to the background surface based on the
comparison of the reference values of each peak to the calibration background reference value. In the example of FIG.4,
the peak associated to the background will be the peak for which the absolute difference between its reference value
and the calibration background reference is the smallest one.
[0051] The reference value assigned to the group corresponding to the background surface group may be either the
calibration background reference value or the reference value of the peak which is the closest to the background calibration
reference value. The reference value of the one or several groups of cuttings may be the reference values of the other
peaks.
[0052] When the reference values have been assigned to each group for each valid coordinate (in the example of
FIG.4 only hue for instance), the method may proceed to the pixel classification (block 150).
[0053] In this embodiment, the classification may be performed by computing a parameter representing the distance
of the pixel compared to the reference values associated to each of the coordinates for a predetermined group. The

classification may for instance be performed based on the following indicator calculating the distance  from a pixel
P to a group Gk: 

[0054] Wherein  is the coordinate value of the pixel for the coordinate i in the (H,S,B) coordinate space

[0055] Wherein  is the mean of the coordinate values for the coordinate i of the group Gk (ie a reference value
of the group Gk for the coordinate i), wherein the group Gk represents the group of pixels corresponding to a predetermined
peak.

[0056] Wherein  is the standard deviation of the coordinate values for the coordinate i of the group Gk (ie another
reference value of the group Gk for the coordinate i)
[0057] Wherein M is the number of valid coordinates for the classification (M≤3).
[0058] The pixel P is classified in group Gj among N groups according to the following equation 

[0059] The classification operation may also comprise plotting the pixels belonging to each group with a different color
as can be seen on the image 149 of FIG.5, in which the cuttings zone, corresponding to the pixels belonging to the
cuttings group is shown in white (151A) while the background zone, corresponding to the pixels belonging to the back-
ground group (151B) is shown in black. The classification operation may also comprise filtering the results of the clas-
sification for instance by removing the clusters of the group that comprise less than a few adjacent pixels.
[0060] Once each of the pixels are classified in each of the group, the method includes delimiting a cuttings zone
(block 152) based on the classification, as can be seen on the image 153 of FIG.6. The cuttings zone may for instance
be delimited by detecting pixels of the cuttings group(s) that are adjacent to pixel from another group. The delimitation
of the cuttings zone may also comprise plotting on the image the contour 155 of the cuttings zone. It can be seen on
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this image 153 that some clusters of small size have been filtered during classification.
[0061] It can be seen that the method as described hereinabove gives very good results with all the cuttings of significant
size being detected as part of a cuttings zone and delimited properly.
[0062] In an optional embodiment, the method may also comprise assessing if a cuttings zone is likely to include a
plurality of pieces of cuttings (block 154), and, if it is, estimating a splitting line within the zone in order to separate the
cuttings zones into a plurality of subzones each corresponding to a cutting (block 156). The assessment operation
includes detecting at least an external acute angle between two segments of the cuttings zone contour. Indeed, it is very
rare to find an external acute angle in the same piece of cuttings while such angle is often a sign of several pieces of
cuttings contacting each other in the same cuttings zone. The estimation of the splitting line that separates two pieces
of cuttings in the same cuttings zone may comprise plotting a splitting line on the image. The line is traced from the
vertex of the angle to the closest point of the contour on the opposite side of the cuttings zone. At block 158, a user may
validate or not the splitting line or add splitting line on the image in view of its visual observation of the cuttings.
[0063] These operations enable an optimized detection particularly useful when the process of preparing the cuttings
is not appropriate and when cuttings are not properly separated.
[0064] To illustrate this embodiment, FIG. 7 shows an image 159 of cuttings in which the classification and delimitation
operation have been performed (blocks 150 & 152). Pixels have been classified in cuttings zone 160A and background
zone 160B and the cuttings zone has been delimiter by contour 161 shown in white. However, as cuttings are contacting
in the cuttings zone, the classification 150 is not sufficient to differentiate each piece of cuttings from the next. Therefore,
the operations 154 and 156 have been applied. The splitting lines 162 as determined automatically by the method are
shown in grey. In this image, the validation operation by the user 158 has not been applied yet but most of the splitting
lines indeed separate the pieces of cuttings.
[0065] When the zones and if necessary subzones have been identified, the method also comprises determining a
parameter relative to each zone or subzone, for instance a dimension, such as a minimal or maximal dimension, an
area, a perimeter, etc. (block 164). This may enable to give information at least on the volume of cuttings exiting the
wellbore and optionally may be used as an indication on the nature of the cuttings released from the formation.
[0066] Once the cuttings are identified, other processing operations it may also be consider to apply other processing
operations in order to get more information on the nature of the piece of cuttings.
[0067] The embodiment of the method that has been described hereinabove is only one exemplary embodiment of
the disclosure.
[0068] For instance, another method 200 according to an embodiment of the disclosure and shown on FIG. 8 may
comprise taking an image of the cuttings on a predetermined background surface directly at the rig site, for instance
when the cuttings are being conveyed on a conveyer or in a container having a predetermined background surface
(block 202). This image is taken without preparation.
[0069] The method 200 then comprises analyzing the image (block 204). The analysis comprises, as explained in
connection with the first embodiment, collecting the coordinate values of all of the pixels in the image in the (red, blue,
green) space (block 206) and to convert these values in coordinate values in the (hue, saturation, brightness) coordinate
space (block 208), as well as building a spectrum representative of one coordinate in the (H, S, B) space, for instance
the hue (block 210). Indeed, the method is more accurate and flexible when taking into account the three coordinates
of the (H, S, B) space but, when the background is chosen appropriately, it may have a values for a predetermined
coordinate that is clearly sufficiently far from the ones of any cuttings for the predetermined coordinate so that the other
coordinates do not need to be analyzed.
[0070] Then, the method comprises peak detection in the spectrum (block 212), determination of a representative
value of a peak (block 214), corresponding for instance to the values for the hue coordinate at the peak maximum or to
a range of hue values between the values of the hue coordinates at both peak minima. It also includes assigning the
peaks to each of the groups (block 216), in particular to the background group, in view of a calibration performed
beforehand by scanning the background surface without cuttings on it. One or both of discretization and peak overlap
assessment may be applied to the method of the second embodiment for obtaining more accurate results before the
peak assignment. Any other filtering technique may be applied to enhance accuracy of the result as part of the peak
detection operation in particular when no discretization of the spectrum has been performed: for instance, a global peak
may also be detected by gathering a plurality of local peaks by determining if the local peak is a local maximum or a
global maximum by comparing it to its neighbors.
[0071] When the peaks have been assigned to the groups, classification (block 218) of the pixels of the image is
performed. In this embodiment, classification may simply include comparing the hue coordinate of each pixel with the
range of each peak for the hue coordinate value. If the hue coordinate of the pixel is in the hue range of the background
surface peak, respectively cuttings peak, it is considered as a pixel belonging to the background zone, respectively
cuttings zone. Based on the classification, cuttings zone is determined and delimited in the image, a zone comprising
a cluster enclosing at least one or several adjacent pixels being classified in a cuttings zone (block 220).
[0072] The method according the disclosure enable to automatically detect and delimit pieces of cuttings in an image
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taken for instance by a microscope in any possible condition and with minimum user input.
[0073] The specific embodiments described above have been shown by way of example, and it should be understood
that these embodiments may be susceptible to various modifications and alternative forms. For instance, the method
has been disclosed in the previous specification with three loads but the number of loads can be any number greater
than one. It should be further understood that the claims are not intended to be limited to the particular forms disclosed,
but rather to cover modifications, equivalents, and alternatives falling within the spirit and scope of this disclosure.
[0074] The disclosure generally relates to a method for analyzing cuttings exiting a borehole comprising
taking at least an image of a sample of cuttings on a background surface
obtaining at least a spectrum representative of the image in the (hue, saturation, brightness) coordinate space, wherein
each spectrum is associated to a coordinate and is representative of the distribution of the values of the pixels for said
coordinate,
based on the at least one spectrum and the values of each pixel for the at least one associated coordinate, classifying
said pixel in one of a plurality of groups, wherein each group is representative of a type of objects within the image, at
least one group being representative of the cuttings while one group is representative of the background surface,
determining at least a cuttings zone in the image based on the classification of the pixels.
[0075] The method may comprise for at least one predetermined coordinate, assigning to each of the groups a set of
reference values relative to the predetermined coordinate, wherein the set comprises at least one value, and wherein
the classification comprises comparing the value of each pixel for the predetermined coordinate to the set of reference
values assigned to each group.
[0076] The method may comprise detecting at least a peak in a spectrum associated to the predetermined coordinate,
wherein assigning the set of reference values for said coordinate to a group comprises assigning a detected peak to the
group, wherein the set of reference values is derived from at least a value representative of the peak. The at least one
value representative of the peak may comprise at least one of the following: coordinate value of the maximum or of the
minima of the peak, coordinate value of the mean of the peak, range of coordinate values belonging to the peak, variance
or standard deviation of the peak
[0077] The method may also comprise
deriving at least one calibration background reference value relative to the predetermined coordinate from values of
calibration pixels for the predetermined coordinate, wherein the calibration pixels are obtained either by selecting (for
instance by clicking on) one or several pixels of the image situated in a section of the image representative of the
background surface or by taking an image of the background surface containing no cuttings.
comparing the at least one representative value of each of the detected peaks with the at least one calibration background
reference value, and assigning at least the set of reference values for the group representative of background surface
based on the results of the comparison.
[0078] The method may also comprise:

detecting all the peaks in the spectrum associated to the predetermine coordinate,
assessing if an overlap between two of the detected peaks is inferior to a predetermined threshold,
if the overlap between two of the detected peaks is inferior to the predetermined threshold, deriving two sets of
reference values for the predetermined coordinate from representative values of each of the peaks and assign the
two sets to two distinct groups.

[0079] The overlap assessment of two peaks may be performed based on one or several of the coordinate value of
the maximum or of the minima of the peaks, average coordinate value of the peaks, variance or standard deviation of
the peaks.
[0080] The method may comprise performing the peak detection and optionally the overlap assessment for each
spectrum, associated to each of the coordinates, and selecting for the classification only coordinates for which the
associated spectrum contains at least two peaks, optionally for which the overlap is inferior to the predetermined threshold.
[0081] Classifying the pixel may comprise calculating for each pixel a parameter measuring the likelihood for said pixel
to belong to one of the groups, wherein the parameter depends on the coordinate value of the pixel and the at least one
reference value for said group, for each of the selected coordinates, the result of the classification being based on the
comparison of the parameters obtained in relationship with each group.
[0082] The Method may also comprise collecting a sample of cuttings at the exit of the borehole.
[0083] The image may also be taken with an electronic or optical microscope.
[0084] Obtaining at least a spectrum may also comprise for a coordinate, estimating the spectrum by collecting the
values of all the pixels for said coordinate, and filtering the spectrum, for instance discretizing the estimated spectrum.
In this case, the values representative of a peak may be obtained by obtaining a peak range corresponding to all the
coordinate values between the coordinate values at each minimum of the peak, selecting all the pixels having a coordinate
value in the peak range for the predetermined coordinate and deriving from the values of the selected pixels at least a
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statistical indicator, wherein the representative value of the peak comprises the statistical indicator.
[0085] The method may also include determining a least a contour of a cuttings zone for delimiting the cuttings zone.
[0086] The method may also comprise assessing if a cuttings zone is likely to include a plurality of pieces of cuttings,
and, if it is, estimating a splitting line within the zone in order to separate the cuttings zones into a plurality of subzones
each corresponding to a piece of cutting. The estimation of a splitting line may comprise detecting at least an external
acute angle between two segments of the cuttings zone contour. The estimation of the splitting line may also comprise
linking the vertex of the external acute angle to the closest point of the contour on the opposite side of the cuttings zone.
[0087] The method may also comprise determining a parameter representative of the dimensions of each cutting zone
or subzone, such as a perimeter, an area, a minimal dimension, a maximal dimension.
[0088] The disclosure also generally relates to a system for analyzing cuttings exiting a borehole comprising

an imaging device for taking at least an image of a sample of cuttings on a background surface
a calculator configured to, for at least one of the images, :

obtain at least a spectrum representative of the image in the (hue, saturation, brightness) coordinate space,
wherein each spectrum is associated to a coordinate and is representative of the distribution of the values of
the pixels for said coordinate,
based on the at least one spectrum and the values of each pixel for the at least one associated coordinate,
classify said pixel in one of a plurality of groups, wherein each group is representative of a type of objects within
the image, at least one group being representative of the cuttings while one group is representative of the
background surface,
determine at least a cuttings zone in the image based on the classification of the pixels.

[0089] The system and especially the calculator may be configured to perform all of the operations as disclosed
hereinabove and in relationship with the method.
[0090] The disclosure also generally related to a computer program for analyzing cuttings exiting the wellbore based
on an image of a sample of the cuttings on a background surface, comprising machine-readable instructions to :

obtain at least a spectrum representative of the image in the (hue, saturation, brightness) coordinate space, wherein
each spectrum is associated to a coordinate and is representative of the distribution of the values of the pixels for
said coordinate,
based on the at least one spectrum and the values of each pixel for the at least one associated coordinate, classify
said pixel in one of a plurality of groups, wherein each group is representative of a type of objects within the image,
at least one group being representative of the cuttings while one group is representative of the background surface,
determine at least a cuttings zone in the image based on the classification of the pixels.

[0091] The computer program may comprise machine-readable instructions to perform all of the operations as disclosed
hereinabove and in relationship with the method.

Claims

1. Method for analyzing cuttings exiting a borehole comprising
taking at least an image of a sample of cuttings on a background surface
obtaining at least a spectrum representative of the image in the (hue, saturation, brightness) coordinate space,
wherein each spectrum is associated to a coordinate and is representative of the distribution of the values of the
pixels for said coordinate,
based on the at least one spectrum and the values of each pixel for the at least one associated coordinate, classifying
said pixel in one of a plurality of groups, wherein each group is representative of a type of objects within the image,
at least one group being representative of the cuttings while one group is representative of the background surface,
determining at least a cuttings zone in the image based on the classification of the pixels.

2. Method according to claim 1, wherein the method comprises, for at least one predetermined coordinate, assigning
to each of the groups a set of reference values relative to the predetermined coordinate, wherein the set comprises
at least one value, and wherein the classification comprises comparing the value of each pixel for the predetermined
coordinate to the set of reference values assigned to each group.

3. Method according to the preceding claim, comprising detecting at least a peak in a spectrum associated to the
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predetermined coordinate, wherein assigning the set of reference values for said coordinate to a group comprises
assigning a detected peak to the group, wherein the set of reference values is derived from at least a value repre-
sentative of the peak.

4. Method according to the preceding claim, comprising
deriving at least one calibration background reference value relative to the predetermined coordinate from values
of calibration pixels for the predetermined coordinate, wherein the calibration pixels are obtained either by selecting
one or several pixels of the image situated in a section of the image representative of the background surface or by
taking an image of the background surface containing no cuttings.
comparing the at least one representative value of each of the detected peaks with the at least one calibration
background reference value, and assigning at least the set of reference values for the group representative of
background surface based on the results of the comparison.

5. Method according to claim 3 or 4, comprising :

detecting all the peaks in the spectrum associated to the predetermine coordinate,
assessing if an overlap between two of the detected peaks is inferior to a predetermined threshold,
if the overlap between two of the detected peaks is inferior to the predetermined threshold, deriving two sets of
reference values for the predetermined coordinate from representative values of each of the peaks and assign
the two sets to two distinct groups.

6. Method according to any of the claims 3 to 5, comprising performing the peak detection and optionally the overlap
assessment for each spectrum, associated to each of the coordinates, and selecting for the classification only
coordinates for which the associated spectrum contains at least two peaks, optionally for which the overlap is inferior
to the predetermined threshold.

7. Method according to the preceding claim, wherein classifying the pixel comprises calculating for each pixel a pa-
rameter measuring the likelihood for said pixel to belong to one of the groups, wherein the parameter depends on
the coordinate value of the pixel and the at least one reference value for said group, for each of the selected
coordinates, the result of the classification being based on the comparison of the parameters obtained in relationship
with each group.

8. Method according to any of the preceding claims, wherein the image is an image taken with an electronic or optical
microscope.

9. Method according to any of the preceding claims, wherein obtaining at least a spectrum comprises, for a coordinate,
estimating the spectrum by collecting the values of all the pixels for said coordinate, and discretizing the estimated
spectrum.

10. Method according to any one of the preceding claims, including determining a least a contour of a cuttings zone for
delimiting the cuttings zone.

11. Method according to any one of the preceding claims, comprising assessing if a cuttings zone is likely to include a
plurality of pieces of cuttings, and, if it is, estimating a splitting line within the zone in order to separate the cuttings
zones into a plurality of subzones each corresponding to a piece of cutting.

12. Method according to the preceding claim, wherein the estimation of a splitting line comprises detecting at least an
external acute angle between two segments of the cuttings zone contour.

13. Method according to the preceding claim, wherein the estimation of the splitting line comprises linking the vertex of
the external acute angle to the closest point of the contour on the opposite side of the cuttings zone.

14. System for analyzing cuttings exiting a borehole comprising
an imaging device for taking at least an image of a sample of cuttings on a background surface a calculator configured
to, for at least one of the images, :

obtain at least a spectrum representative of the image in the (hue, saturation, brightness) coordinate space,
wherein each spectrum is associated to a coordinate and is representative of the distribution of the values of
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the pixels for said coordinate,
based on the at least one spectrum and the values of each pixel for the at least one associated coordinate,
classify said pixel in one of a plurality of groups, wherein each group is representative of a type of objects within
the image, at least one group being representative of the cuttings while one group is representative of the
background surface,
determine at least a cuttings zone in the image based on the classification of the pixels.

15. A computer program for analyzing cuttings exiting the wellbore based on an image of a sample of the cuttings on
a background surface, comprising machine-readable instructions to :

obtain at least a spectrum representative of the image in the (hue, saturation, brightness) coordinate space,
wherein each spectrum is associated to a coordinate and is representative of the distribution of the values of
the pixels for said coordinate,
based on the at least one spectrum and the values of each pixel for the at least one associated coordinate,
classify said pixel in one of a plurality of groups, wherein each group is representative of a type of objects within
the image, at least one group being representative of the cuttings while one group is representative of the
background surface,
determine at least a cuttings zone in the image based on the classification of the pixels.
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