wo 20207252155 A1 |0 00000 KO0 0 O O 00 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
17 December 2020 (17.12.2020)

(10) International Publication Number

WO 2020/252155 Al

WIPO I PCT

(51) International Patent Classification:
E2IB 47/12 (2006.01) E21B 47/04 (2006.01)
E2IB 47/01 (2006.01)

(21) International Application Number:
PCT/US2020/037218

(22) International Filing Date:
11 June 2020 (11.06.2020)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

62/860,358 12 June 2019 (12.06.2019) UsS

(71) Applicant: BAKER HUGHES OILFIELD OPER-
ATIONS, LLC [US/US]; 17021 Aldine Westfield, Hous-
ton, Texas 77073 (US).

(72) Inventors: MOHNKE, Oliver; 17021 Aldine Westfield,
Houston, TX 77073 (US). VATIS, Yuri; 17021 Aldine
Westfield, Houston, TX 77073 (US). ERRENST, Martin;
17021 Aldine Westfield, Houston, TX 77073 (US). TIET-
JEN, Holger; 17021 Aldine Westfield, Houston, Texas
77073 (US).

Agent: CARSON, Matt et al.; Baker Hughes Oilfield
Operations, LLC, 2001 Rankin Road, Houston, Texas
77073-5114 (US).

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

(54) Title: COMPRESSING DATA COLLECTED DOWNHOLE IN A WELLBORE

12\

Operating
System
40

FIG.2

Tape Unit :
25 |

ROM [ | RAM | |1/0 Adopter| | etwork Network
2l 2 2 z o 3
26 20
| System Bus|
| ‘ 33|
User Interface Graohi
Adapter Display Adapter P raphics
28 3 rocessing
= = Unit
T ] i
Keyboard| | Mouse | |Speaker Display
29 30 3 39

(57) Abstract: An example computer-implemented method for transmitting data from a downhole location to the earths surface. The
method includes sensing, with one or more sensors, sensor data downhole, the sensor data comprising a plurality of data value sets.
The method further includes assigning at least one data value of each of the plurality of data value sets to each of a plurality of time
levels or depth levels to generate a data block. The method further includes compressing, with a first processor in the drilling assembly,
the data block by a block-based compression technique to generate compressed data. The method further includes transmitting, with
a telemetry system, the compressed data from the downhole location to the surface. The method further includes decompressing, with
a second processor at the surface, the compressed data to generate decompressed data values. The method further includes controlling

the drilling assembly based on the decompressed data values.

[Continued on next page]



WO 20207252155 AT [ 000000000 0000 VAP 0O

OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



WO 2020/252155 PCT/US2020/037218

COMPRESSING DATA COLLECTED DOWNHOLE IN A WELLBORE

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Application No. 62/860358, filed on June

12, 2019, which is incorporated herein by reference in its entirety.

BACKGROUND

[0001] Embodiments described herein relate generally to downhole exploration and
production efforts and more particularly to techniques for compressing data collected
downhole in a wellbore.

[0002] Downhole exploration and production efforts involve the deployment of a
variety of sensors and tools. The sensors provide information about the downhole
environment, for example, by collecting data about temperature, density, saturation, and
resistivity, among many other parameters. Borehole imaging can be performed to capture
data such as formation resistivity imaging about the downhole environment, such as a
formation of interest. Data captured downhole can be used to control aspects of drilling and
tools or systems located in the bottom hole assembly, along the drillstring, and/or on the

surface.

SUMMARY

[0003] According to one embodiment of the present disclosure, a method for
transmitting data from a downhole location to the earth’s surface is provided. The method
includes conveying a drilling assembly to the downhole location, the drilling assembly
including a drill bit to penetrate an earth formation and one or more sensors. The method
further includes sensing, with the one or more sensors, sensor data downhole, the sensor data
comprising a plurality of data value sets. The method further includes assigning at least one
data value of each of the plurality of data value sets to each of a plurality of time levels or
depth levels to generate a data block. The method further includes compressing, with a first
processor in the drilling assembly, the data block by a block-based compression technique to
generate compressed data. The method further includes transmitting, with a telemetry system
in the drilling assembly, the compressed data from the downhole location to the earth’s
surface. The method further includes decompressing, with a second processor at the earth’s
surface, the compressed data to generate decompressed data values. The method further

includes controlling the drilling assembly based on the decompressed data values.
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[0004] According to another embodiment of the present disclosure, a method for
transmitting data from a downhole location to the earth’s surface is provided. The method
includes conveying a drilling assembly to the downhole location, the drilling assembly
including a drill bit to penetrate an earth formation and one or more sensors. The method
further includes sensing, with the one or more sensors, sensor data downhole, the sensor data
comprising an one or more images. The method further includes compressing, with a first
processor in the drilling assembly, the one or more images by a video compression technique
to generate compressed data. The method further includes transmitting, with a telemetry
system in the drilling assembly, the compressed data from the downhole location to the
earth’s surface. The method further includes decompressing, with a second processor at the
earth’s surface, the compressed data by a video decompression technique to generate
decompressed data values. The method further includes controlling the drilling assembly
based on the decompressed data values.

[0005] According to another embodiment of the present disclosure, a system for
transmitting data from a downhole location to the earth’s surface is provided. The system
includes a drilling assembly at the downhole location, the drilling assembly including a drill
bit to penetrate an earth formation. The system further includes one or more sensors in the
drilling assembly, the one or more sensors configured to sense sensor data downhole, the
sensor data comprising a plurality of data value sets. The system further includes a first
processor in the drilling assembly, the first processor configured to assign at least one data
value of each of the plurality of data value sets to each of a plurality of time levels or depth
levels to generate a data block and to compress the data block by a block-based compression
technique to generate compressed data. The system further includes a telemetry system in the
drilling assembly configured to transmit the compressed data from the downhole location to
the earth’s surface. The system further includes a second processor at the earth’s surface
configured to decompress the compressed data to generate decompressed data values.

[0006] According to another embodiment of the present disclosure, a system for
transmitting data from a downhole location to the earth’s surface is provided. The system
includes a drilling assembly at the downhole location, the drilling assembly including a drill
bit to penetrate an earth formation. The system further includes one or more sensors
configured to sense sensor data downhole, the sensor data comprising one or more images.
The system further includes a first processor in the drilling assembly, the first processor
configured to compress the one or more images by a video compression technique to generate

compressed data. The system further includes a telemetry system in the drilling assembly
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configured to transmit the compressed data from the downhole location to the earth’s surface.
The system further includes a second processor at the earth’s surface configured to

decompress the compressed data to generate decompressed data values.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Referring now to the drawings wherein like elements are numbered alike in
the several figures:

[0008] FIG. 1 depicts a cross-sectional view of a wellbore system according to one or
more embodiments described herein,;

[0009] FIG. 2 depicts a block diagram of the processing system of FIG. 1, which can
be used for implementing the present techniques according to one or more embodiments
described herein;

[0010] FIG. 3 depicts a block diagram of data compression using an encoder and a
decoder, which can implement the techniques described herein,;

[0011] FIG. 4 depicts an example of source data divided into macroblocks and
blocks;

[0012] FIG. 5 depicts the wellbore operation of FIG. 1 utilizing the compression
techniques according to one or more embodiments described herein;

[0013] FIG. 6 depicts the wellbore operation of FIG. 1 utilizing the compression
techniques according to one or more embodiments described herein;

[0014] FIG. 7 depicts a workflow for logging while drilling (LWD) data compression
based on pseudo-images according to one or more embodiments described herein;

[0015] FIG. 8 depicts a flow diagram of a method for image compression according
to one or more embodiments described herein; and

[0016] FIG. 9 depicts a workflow for encoding of non-image multi-propagation
resistivity (MPR) data as a pseudo-image according to one or more embodiments described

herein.

DETAILED DESCRIPTION

[0017] Wellbores are drilled into a subsurface to produce hydrocarbons and for other
purposes. Modern bottom hole assemblies (BHAs), such as those used during logging-while-
drilling (LWD) operations and/or measurement-while-drilling (MWD) operations, include
one or more tools for collecting downhole data in a wellbore. The collected downhole data

can be images (e.g., density imaging, resistivity imaging, gamma ray (GR) imaging, etc.) or
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other data (e.g., nuclear magnetic resonance (NMR) echo-trains, multiple propagation
resistivity data (MPR), spectral data, pump tests, acoustic traces and/or semblance maps, 2D-
NMR data, etc.). The collected downhole data, are transmitted to the surface for processing,
and results of the processing are used to control aspects of drilling and tools or systems
located in the BHA, along the drillstring, and/or on the surface. For example, the downhole
data are transmitted between the BHA and the surface via a powerline connecting the BHA to
the surface (so-called wired pipe), via mud pulse telemetry, via electromagnetic telemetry,
any combination thereof, or the like. FIG. 1 depicts a wellbore system 100 for implementing
the techniques described herein.

[0018] In particular, FIG. 1 depicts a cross-sectional view of the wellbore system 100
according to one or more embodiments described herein. In traditional wellbore operations,
LWD or MWD measurements are conducted during a drilling operation to determine
formation rock and fluid properties of the formation 4. Those properties are then used for
various purposes such as controlling and steering the drilling of the borehole 2, estimating
reserves from saturation logs, defining completion setups, etc.

[0019] The system and arrangement shown in FIG. 1 is one example to illustrate the
downhole environment. While the system can operate in any subsurface environment, FIG. 1
shows a carrier 5 disposed in a borehole 2 penetrating the formation 4. A drill bit 7 is
disposed in the borehole 2 at a distal end of a carrier 5, as shown in FIG. 1.

[0020] According to the LWD/MWD embodiment, the carrier 5 is a drill string that
includes a BHA 13. The BHA 13 is a part of a drilling rig 8 (also referred to as a “drilling
assembly”) and may include drill collars, stabilizers, reamers, motors, turbines, and the like,
and a drill bit 7. The BHA 13 also includes sensors (e.g., measurement tools 11) and
electronic components (e.g., downhole electronic components 9). The measurements
collected by the measurement tools 11 can include measurements related to drill string
operation, for example. The drilling rig 8 is configured to conduct drilling operations such as
rotating the drill string and, thus, the drill bit 7. The drilling rig 8 also pumps drilling fluid
through the drill string in order to lubricate the drill bit 7 and flush cuttings from the borehole
2. The measurement tools 11 and downhole electronic components 9 are configured to
perform one or more types of measurements while performing LWD and/or MWD operations
according to one or more embodiments described herein. In alternate embodiments,
computing resources such as the downhole electronic components 9, sensors, and other tools
can be located along the carrier 5 rather than being located in the BHA 13, for example. The

borehole 2 can be vertical as shown or can be in other orientations/arrangements.

4



WO 2020/252155 PCT/US2020/037218

[0021] According to one or more embodiments described herein, data are collected by
the measurement tools 11 and transmitted to the downhole electronic components 9 for
processing. The data can be communicated between the measurement tools 11 and the
downhole electronic components 9 by a wire 6, such as a powerline, which transmits power
and data downhole. The data processed by the downhole electronic components 9 can then be
telemetered to the surface via the wire 6, for example, by a telemetry system like a mud
pulser, utilizing fluid pressure variations, or by an electromagnetic telemetry system utilizing
electromagnetic waves, with telemetry techniques for additional processing or display by a
processing system 12.

[0022] It is understood that embodiments of the present disclosure are capable of
being implemented in conjunction with any other suitable type of computing environment
now known or later developed. For example, FIG. 2 depicts a block diagram of the
processing system 12 of FIG. 1, which can be used for implementing the techniques
described herein. In examples, processing system 12 has one or more central processing units
(processors) 21a, 21b, 21c¢, etc. (collectively or generically referred to as processor(s) 21
and/or as processing device(s)). In aspects of the present disclosure, each processor 21 can
include a reduced instruction set computer (RISC) microprocessor. Processors 21 are coupled
to system memory (e.g., random access memory (RAM) 24) and various other components
via a system bus 33. Read only memory (ROM) 22 is coupled to system bus 33 and can
include a basic input/output system (BIOS), which controls certain basic functions of
processing system 12.

[0023] Further illustrated are an input/output (I/O) adapter 27 and a network adapter
26 coupled to system bus 33. I/O adapter 27 can be a small computer system interface (SCSI)
adapter that communicates with a hard disk 23 and/or a tape storage drive 25 or any other
similar component. I/O adapter 27, hard disk 23, and tape storage drive 25 are collectively
referred to herein as mass storage 34. Operating system 40 for execution on processing
system 12 can be stored in mass storage 34. The network adapter 26 interconnects system bus
33 with an outside network 36 enabling processing system 12 to communicate with other
such systems.

[0024] A display (e.g., a display monitor) 35 is connected to system bus 33 by display
adapter 32, which can include a graphics adapter to improve the performance of graphics
intensive applications and a video controller. In one aspect of the present disclosure, adapters
26, 27, and/or 32 can be connected to one or more I/O busses that are connected to system

bus 33 via an intermediate bus bridge (not shown). Suitable I/O buses for connecting
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peripheral devices such as hard disk controllers, network adapters, and graphics adapters
typically include common protocols, such as the Peripheral Component Interconnect (PCI).
Additional input/output devices are shown as connected to system bus 33 via user interface
adapter 28 and display adapter 32. A keyboard 29, mouse 30, and speaker 31 can be
interconnected to system bus 33 via user interface adapter 28, which can include, for
example, a Super I/O chip integrating multiple device adapters into a single integrated circuit.

[0025] In some aspects of the present disclosure, processing system 12 includes a
graphics processing unit 37. Graphics processing unit 37 is a specialized electronic circuit
designed to manipulate and alter memory to accelerate the creation of images in a buffer
intended for output to a display. In general, graphics processing unit 37 is very efficient at
manipulating computer graphics and image processing and has a highly parallel structure that
makes it more effective than general-purpose CPUs for algorithms where processing of large
blocks of data are done in parallel.

[0026] Thus, as configured herein, processing system 12 includes processing
capability in the form of processors 21, storage capability including system memory (e.g.,
RAM 24), and mass storage 34, input means such as keyboard 29 and mouse 30, and output
capability including speaker 31 and display 35. In some aspects of the present disclosure, a
portion of system memory (e.g., RAM 24) and mass storage 34 collectively store an
operating system to coordinate the functions of the various components shown in processing
system 12.

[0027] With continued reference to FIG. 1, drilling control signals can be generated
by the processing system 12 and conveyed downhole, again via the powerline 6, mud pulse
telemetry, etc., or can be generated within the downhole electronic components 9 or by a
combination of the two according to embodiments of the present disclosure. The downhole
electronic components 9 and the processing system 12 can each include one or more
processors and one or more memory devices and can be configured to encode and/or decode
data using the compression techniques described herein.

[0028] The downhole electronic components 9 and/or the processing system 12 can
implement compression techniques described herein to encode and/or decode data. To do so,
according to one or more embodiments described herein, the downhole electronic
components 9 and/or the processing system 12 can include special-purpose hardware (e.g.,
application specific hardware, application specific integrated circuits (ASICs), application
specific special processors (ASSPs), field programmable gate arrays (FPGAs), embedded

controllers, hardwired circuitry, etc.) or as some combination or combinations of these.
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According to aspects of the present disclosure, the downhole electronic components 9 and/or
the processing system 12 can implement the compression techniques described herein using a
combination of hardware and programming. The programming can be processor executable
instructions stored on a tangible memory, and the hardware can include a processing device
(e.g., the CPU 21) for executing those instructions. Thus a system memory (e.g., RAM 24)
can store program instructions that when executed by the processing device implement the
compression techniques described herein.

[0029] Traditional data transmission techniques may not provide sufficient bandwidth
to transmit the data between the downhole electronic components 9 and the surface 3.
Accordingly, before the downhole data are transmitted to the surface, the downhole data are
often compressed to reduce the size of the data transmitted to the surface. Advantageously,
block-based compression techniques can be used for the compression. Block-based
compression techniques can be applied on data that can be organized as so-called data blocks.
Data blocks comprise M X N data values where each data value is assigned to one of M first
data labels and one of N second data labels. Accordingly data blocks can be represented by
data values matrices comprising M data block columns and N data block rows. This includes
that the number M of different first data labels is a fraction of the number of the data values
M X N and likewise for the N second data labels. One example is an image comprising M X
N pixel, where the data values correspond to the color of a pixel and the first data label
corresponds to the x-coordinate of the pixel and the second data label corresponds to the y-
coordinate of the pixel. Image compression techniques, such as a discrete cosine transform, a
jpeg, or video compression techniques (i.e., compression techniques for a sequence of
images), such as H.264, H.265, and the like, are used to compress the block-based data to
reduce the number of bits that is required to represent the image. However, the first and
second data labels are not limited to coordinates or other location specific information. As a
non-limiting example, the second data label may be a number N of depth or time levels and
the first data level M refers to associated information, such as information related to the
acquisition of the M X N data values, such as, sensors, sensor types, measurement conditions,
such as operating frequency, transmitter-receiver distances, a toolface angle at the time of the
acquisition of the data value, or a running number for a series of consecutively acquired data
values, a time or a time interval, etc. For example, in one non-limiting example, the first data
label may include M different time levels (timel, time2, time3, ..., timeM) and the second

data label may refer to N different sensors that were used to acquire the data values (sensorl,
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sensor2, sensor3, ..., sensorN). The data values can then be organized in the form
(DataValuell, DataValuel2, DataValuel3, ..., DataValue21, DataValue22, ...,
DataValueMN), where DataValuell is associated with timel and sensorJ. Data blocks
comprising M X N data values where each data value is assigned to one of M first data labels
and one of N second data labels wherein at least one of the first and second data labels is not
related to coordinates or other location specific information are called pseudo-images.
Sometimes, the data acquired by various sensors, sensor types, or measurement conditions,
etc. are plotted separately by connected or interpolated data points, so that data values with
different labels appear as different lines commonly referred to as “curves”.

[0030] However, compressing the downhole data causes latency between when the
data are collected and when the data are received at the surface. Existing compression
techniques, such as H.264, H.265, and others, take time to compress the data, increasing the
compression-related latency between when the data are collected and when the data are
received at the surface. In addition, block-based compression techniques, such as H.264,
H.265, do need to acquire an amount of data values before they can send the compressed data
packages. In block-based compression techniques, the data packages are organized in so-
called data blocks. The compressed data block that is sent to the surface includes data values
that were acquired some time before the compression of the data block is finalized. Drilling
decisions based on the data can consequently lag behind due to the latency including the
compression-related latency, where the compression-related latency is created at least by
processing or encoding time as well as by the time that is required to acquire the complete
block of data that is compressed. It is desirable to reduce the latency in order to reduce the
time to react in response to the data received at the surface, or to improve drilling operations
and other energy industry operations.

[0031] Embodiments of the present invention are directed to a modified approach to
traditional block-based compression techniques (e.g., H.264/AVC (Advanced Video Coding),
H.265 video compression, etc.). In particular, the present techniques accommodate encoding
and decoding of small static or dynamic data packages for real-time transmission of logging
while drilling data that have a compression-related latency less than a compression-related
latency caused using traditional compression techniques. H.264 compression is an example of
a block-based compression technique that divides larger data blocks into small square blocks
called “macroblocks,” and encoding is applied at the macroblock level rather than to large
data blocks. However, existing macroblock-based encoding causes high compression-related

latency due to the delay between recording and encoding the full macroblock (e.g. 16 X 16
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pixels or data values) and transmission of data to the surface, as described with reference to
FIG. 3. This results in a latency or time lag between the time when the data were acquired
and the time when uphole surface equipment receives the data (e.g., by using mud pulse
telemetry).

[0032] According to one embodiment of the present disclosure, a method for data
compression is disclosed. The method includes capturing data downhole in a wellbore. The
method further includes encoding, by a processing system, the data by applying a block-
based compression technique using basic data blocks of M data values by N data values, aka
M X N data points, where M is a number of labels that each of the data values is associated
with and N is a number of depth or time levels that each of the data values is associated with.
The term depth level/time level within the context of this application refers to any depth/time
related information such as, but not limited to, discrete depths/times (e.g. depth or time
stamps), or depth/time intervals. The labels may be textual or numeric information and can
refer to any kind of associated information, such as, but not limited to, sensors, sensor types,
measurement conditions, such as operating frequency, transmitter-receiver distances, a
toolface angle at the time of the acquisition of the data value, or a running number for a series
of consecutively acquired data values, a time or a time interval, etc. Such information may
define data value sets. For example, data values that were acquired by the same sensor or the
same sensor type may define one data value set. Data values that were acquired under the
same particular measurement condition may define another data value set. Data values that
were acquired at the same time or within the same time interval from one or more time
reference points may define still another data value set, etc. Sometimes, the data acquired by
various sensors, sensor types, or measurement conditions, etc. is plotted separately by
connected or interpolated data points, so that data values with different labels appear as
different lines commonly referred to as “curves.” The method further includes transmitting,
by the processing system, a bit stream representing the compressed data block to a remote
processing system at a surface of the wellbore. The method further includes decoding, by the
remote processing system, the bit stream representing the compressed data block. The method
further includes controlling a drilling assembly based on an analysis of the decoded bit stream
representing the data block.

[0033] According to another embodiment of the present disclosure, a system is
disclosed that includes a memory comprising computer readable instructions, and a
processing device for executing the computer readable instructions for performing a method

for data compression. The method includes generating, by the processing device, data
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packages comprising data values, each associated with one of A labels and B time or depth
levels, the data package being in the form of a data block A X B, where A is the number of
labels and B is a number of time or depth levels. The method further includes encoding, by
the processing device, the data block by applying a block-based compression technique. The
method further includes transmitting, by the processing device, a bit stream representing the
encoded data block to a remote processing system at a surface of a wellbore. The method
further includes decoding, by the remote processing system, the bit stream representing the
encoded data block. The method further includes controlling a drilling assembly based on an
analysis of the decoded bit stream representing the data block.

[0034] FIG. 3 depicts a block diagram of a data compression system using an encoder
310 and a decoder 320. Typically, in LWD/MWD applications, the encoder 310 is downhole
while the decoder 320 is at the surface. Source data, such as data blocks (e.g., frames of a
video, M X N data values associated to N time or depth levels and M curve labels) are input
into the encoder 310, which encodes the source data by performing prediction,
transformation/quantization, and encoding. An example of source data is depicted in FIG. 4.
In the example of FIG. 4, the source data 400 includes a sequence 402 of frames 404, which
are further divided into slices 406 of macroblocks 408. The macroblocks 408 are further
divided into blocks 410 that are a group of pixels 412, i.e. small rectangular areas associated
to a small x-coordinate interval (i.e. small horizontal axis interval) and a small y-coordinate
interval (i.e. small vertical axis interval). The smallest size of an image/frame that can be
processed using Advanced Video Coding, such as H.264, is 16 X 16 pixels (i.e., one
macroblock). The term “pixel” also refers to data values of block-based data that are not
images (e.g., for a pseudo-image) as described in more detail herein. The data values can
include individual values, such as integers, or several values, such as vectors or matrices. For
example, in traditional compression techniques of visual images, the data values of each pixel
may comprise “luma” (Y) and “chroma” (Cb and Cr) data referring to luminescence and
color information, respectively.

[0035] With continued reference to FIG. 3, a prediction engine 312 processes a frame
of the source data in units of a macroblock. The prediction engine 312 forms a prediction of
the macroblock using motion prediction, such as intra-frame prediction (based on the current
frame) and/or inter-frame prediction (based on a previously coded frame). For example,
H.264 compression reduces transmitted bit sizes by exploiting similarities (spatial and

temporal) of neighboring frames using intra-frame and inter-frame prediction, respectively.
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The transform engine 314 performs a transform (e.g., a discrete cosine transform), such as a 4
X 4 or 8 X 8 integer transform and quantizes the output of the transform.

[0036] Results from the transform engine 314 are encoded as a bit stream by the
encoding engine 316. The bit stream is transmitted to the decoder 320, which uses a decode
engine 322, an inverse transform engine 324, and a reconstruct engine 326 to decode the
transmission and generate output data.

[0037] The encoder 310 encodes the source data by encoding the whole macroblock
(i.e., 16-pixel by 16-pixel) or portions thereof referred to as “blocks”. For example, if a
macroblock is defined as a 16 X 16 data block, the encoder 310 may encode sixteen 4 X 4
data blocks (referred to as “4 X 4 blocks”), four 8 X 8 data blocks (referred to as “8 X 8
blocks™), or one 16 X 16 data block (i.e., the entire macroblock, referred to as “16 X 16
blocks”). For each encoding scheme, the compression efficiency (e.g. the compression ratio)
may be different. The encoder may find the optimum compression efficiency and choose the
corresponding encoding scheme based on this information. Thus, even when encoding all
blocks as 4 X 4 blocks, a compression-related latency corresponding to 16 data block rows
exists because until the encoding is performed on each of these block sizes, the compressed
data are not transmitted.

[0038] To reduce this compression-related latency, the present techniques redefine the
macroblock definition to a smaller size, such as but not limited to 4 X 4.. This enables
encoding and transmission of the coded data after four data block rows reducing the
compression-related latency to four times the time that is needed to acquire a data block row
of data. For example, if the sensor has an update rate according to a measurement interval and
the measurement interval corresponds to the distance of time levels used to define the data
block rows, the compression-related latency is lower than 16 times the measurement interval.
Reducing the compression-related latency is critical to transmit that data to the surface and to
receive the data at the surface as early as possible to allow a maximum amount of time to
react to the data that is received at the surface. For example, if the second data label is a time
level corresponding to the time of data value acquisition and the distance between data block
rows is 25 seconds (s), and the macroblock is defined by 16 X 16, the compression-related
latency that is created by the encoding is at least 16 x 25 s = 400 s. In case the macroblock is
defined by 4 X 4, the compression-related latency that is created by encoding is only 4 x 25 s
=100 s. Thus, the data is available on surface 300 s or 5 minutes earlier which gives 5

minutes more to react to the data. For example, if the data is related to the drilling path and
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indicates that the well trajectory deviates from the planned well path, counter actions can be
taken up to 5 minutes earlier which can reduce the damage that is created by the deviated
well trajectory, tremendously. As another example, if the data is formation evaluation data
and indicates that the well enters a new formation, counter actions (such as stopping,
changing mud properties, adjust drilling direction) can be taken up to 5 minutes earlier which
again can reduce the damage that is created by entering the new formation. It is important to
note, that in compression schemes of visual videos or images, the reduction of latency is
usually not an issue. For most applications, in video or image compression schemes, the
update rates for sensors acquiring the data is usually significantly higher compared to the
sensor update rates in LWD/MWD applications and therefore, the compression-related
latency that is created by the encoding and that corresponds to a plurality of sensor
acquisitions does not impact the results in contrast to LWD/MWD applications. Accordingly,
the present techniques reduce compression-related latency as compared to H.264
compression, for example, by encoding frames in smaller block sizes (e.g., 4 X 4 blocks
instead of 16 X 16 blocks). Moreover, the present techniques may reduce processing
resources utilized by the encoder 310 because, due to the nature of the images acquired
downhole, temporal aspects of the images can be ignored, unlike H.264 compression. For
example, the prediction engine 312 may only apply intra-frame prediction and not inter-
frame prediction of the data.

[0039] FIG. 5 depicts the wellbore system 100 of FIG. 1 utilizing the compression
techniques according to one or more embodiments described herein. Logging images (e.g.,
density, GR, resistivity, acoustic, etc.) or other data (e.g., NMR echo-trains, MPR, acoustic
wave traces, semblance data, spectra, etc.) are assembled in principal block-based data
packages (such as pseudo-images), with the size of M X N, where M is the number of data
levels, such as curves/image-sectors and N is the number of depth or time levels included in
the block-based data packages. M and N may be predefined and distributed to both the
surface and the downhole location before the drilling assembly is conveyed into the borehole.
M and N may also be calculated downhole based on an optimization algorithm that optimizes
compression-related latency and compression efficiency, for example optimizes compression-
related latency and/or compression efficiency for each data block or a group of data blocks,
separately. The numbers M and N may then be added to the data block or the group of data
blocks for instance by a data header to a data block and may be transmitted from downhole to

the surface together with or separate from the data block. To keep the compression-related
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latency reasonably low, M and N may be chosen to meet the condition A/ > N. However, in
some examples, encoding can be performed on data blocks where N <M, for example data
blocks of 8 time or depth levels but only M =4 curves (i.e., 4 X 8). In one non-limiting
example, the number N of depth or time levels included in the block-based data packages is
equal to eight (M X 8), such as 8 X 8. In another non-limiting example, the number N of
depth or time levels included in the block-based data packages is equal to four (M X 4), such
as 4 X 4. Data packages are then encoded by the encoder 310 downhole, transmitted as an
encoded data stream 502 (i.e., a bit stream) via telemetry, such as mud pulse telemetry,
acoustic telemetry, electromagnetic telemetry, and/or wired pipe, from the encoder 310
downhole to the decoder 320 at the surface, and decoded 504 by the decoder 320 at the
surface while the drilling process continues. For the presented techniques, decoding by
decoder 320 includes generating from the decompressed data blocks, the data structure that
was originally compressed, i.e. images, curves, or a combination of both. The drilling process
can utilize the resulting real time (RT) images, curves, or a combinations of both (depicted in
FIG. 5 as RT logs 506) to improve performance of the drilling assembly (e.g., reservoir
navigation, reduce non-production time, geosteering, geostopping, and the like).

[0040] FIG. 6 depicts the wellbore system 100 of FIG. 1 utilizing the compression
techniques according to one or more embodiments described herein. In this example, an M X
4 data package is utilized, where M represents a number of 4 X 4 data blocks and “4”
represents the number of time or depth levels in one data block (note that in this case “M”
refers to a number of data blocks which is different from how “M” is used in other instances
of this application). For example, the data package may comprise a borehole image where
each data value is associated with a time level and one of 64 toolface values or toolface
intervals (also known as sectors). In this example, M would be 16. Alternatively, the data
package may comprise eight resistivity curves wherein each data value is associated with a
time level and a curve label that refers to a particular measurement configuration. In this
example, M would be 2. In comparison to FIG. 4, the 4 X 4 data block corresponds to a
macroblock and the M X 4 data block corresponds to a slice of a block-based data package
that can be transmitted and received with a compression-related latency of not less than 4
time (or depth) levels. After buffering an M X 4 data package, the data are encoded and
transmitted to the surface while drilling continuously progresses.

[0041] For compression of one particular 4 X 4 data block, similarities between

neighboring 4 X 4 data blocks (at the left and right sides of the individual 4 X 4 data blocks
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in FIG. 6) and previously transmitted 4 X 4 data blocks (at the upper side and/or at the upper
left and upper right corner of the individual 4 X 4 data blocks in FIG. 6). are utilized for
performing the intra-frame/inter-frame prediction (also known as motion prediction). In other
words, the inter-frame/intra-frame prediction uses data values of a first data block to estimate
data values of a second data block, wherein the data values of the first data block are
transmitted to the earth’s surface not later than the data values of the second data block are
transmitted to the earth’s surface. The 4 X 4 data blocks that are utilized for performing the
intra-frame prediction step are shown as connected by bold lines between the individual 4 X 4
data blocks in FIG. 6. To keep the compression-related latency short, each M X 4 will be sent
as soon as the data is acquired and processed/compressed. Hence, data that is not yet acquired
or otherwise available will not be utilized for the intra-frame prediction step. This is indicated
by thin lines between the individual 4 X 4 data blocks in FIG. 6. Utilizing intra-frame or
inter-frame prediction can be problematic when transmitting/receiving digital information in
an environment with low processing power and low telemetry rate as it is typically the case
for MWD/LWD applications. For example, in case an error occurred during acquisition
and/or the various processing steps of the data values or data blocks, the prediction step may
transfer the error to other data values / data blocks or may result in a very inefficient data
compression. If sufficient processing power and telemetry rate is available, the erroneous data
may simply be reprocessed and/or retransmitted. However, in MWD/LWD applications
where processing power and telemetry rate is typically very low (e.g. typical mud pulse
telemetry rates may be below 20 bits/s, such as below 10 bits/s or below 5 bits/s down to
below 3 bits/s) this may not be an option. To avoid these problems, in MWD/LWD
applications so-called reset blocks may be defined that may utilize the neighboring 4 X 4
data blocks for performing the intra-frame prediction but will not utilize the previously
transmitted 4 X 4 data blocks for performing the intra-frame prediction. Reset blocks may be
predefined, for example, at specific intervals (e.g., every k - [M X 4] blocks, where k €
[1,2,3, ...]). Reset blocks can also be defined based on a condition. For example, if an error
occurred during acquisition and/or the various processing steps of the data values or data
blocks, the algorithm may react in defining one or more of the next M X 4 blocks as reset
blocks to avoid transfer of the error to other data values / data blocks and/or avoid inefficient
data compression of the other data values / data blocks. It should be appreciated that the data
stream depicted in FIG. 6 is not compatible with the H.264 standard because that standard

requires 16 X 16 macroblocks. The present techniques, therefore, provide
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encoding/compression without underlying 16X 16 macroblocks in favor of 4 X 4
macroblocks and remove any transmitted redundant header overheads (e.g., for motion
artifact corrections, i.e. corrections for artifacts of the motion prediction of the video
compression algorithms) and inter-frame prediction protocols. Transmission of a bit stream to
the surface can then be performed using mud pulse telemetry or other similar transmission
techniques.

[0042] FIG. 7 depicts a workflow 700 for LWD data compression based on pseudo-
images according to one or more embodiments described herein. For example, the present
techniques can also be applied on a number of logging curves or data that are assembled to a
data block, such as an image-like frame A X B (i.e., a pseudo-image), where A is the number
of curves and B is the number of depth or time levels. For example, M X B pseudo-images
for M resistivity curves, such as propagation resistivity curves (e.g. MPR curves) or induction
resistivity curves and B time or depth levels. The M resistivity curves may be different in the
configuration that was used to generate the resistivity data values, such as antenna spacings,
antenna moment directions, processing scheme to calculate the resistivity, or operating
frequency. For example, if the M resistivity curves were acquired with a set of multiple
antennae having multiple antenna spacings, each antenna having an individual antenna
moment direction and an operating frequency and multiple processing schemes were used to
process the acquired data, the M resistivity curves may comprise curves that were generated
by a combination of one of the multiple antenna spacings, one of the multiple of antenna
moment directions, one of the multiple processing schemes to process the acquired data, and
one of the multiple operating frequencies. Another example is a M X B pseudo-image for B
NMR echo-trains. NMR echo-trains are generated by exciting the formation with an
excitation signal and sensing the decaying echo from the formation that is generated in
response to the excitation signal. Exciting the formation by an excitation signal and sensing
the echo from the formation at multiple times from the excitation signal results in a so-called
echo-train. If the B echo-trains are measured and each of the B echo-trains comprises M data
values acquired at M times (e.g. 1000 times) from the corresponding excitation signals, the
data values may be represented by a M X B pseudo-image. Another exampleisa M X B
pseudo-image for B acoustic wave trains, such as B acoustic wave trains acquired at B
different time levels, depth levels, or receivers, wherein each wave train consists of M data

values acquired at M different acquisition times (for example, B may equal 512 acoustic
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wave traces). These assemblages can be treated as pseudo-images/video frames and can be
encoded and decoded accordingly by utilizing the compression techniques described herein.
[0043] In FIG. 7, a set of NMR echo-trains 712b is shown that was acquired
downhole. The data shown by 712b corresponds to the decay signals in arbitrary units vs. the
acquisition time after the excitation signal. The data 712b comprises several curves acquired
while drilling at different time or depth levels, each curve comprising 1000 data values.
Several processing steps may be applied to the data 712b, such as, but not limited to scaling,
converting to integer, and averaging/stacking to generate data set 712a. As shown by arrow
702, NMR echo-trains/trainlets 712a or 712b are assembled into frames of a pseudo-image
714. In pseudo image 714, the horizontal axis represents the acquisition times after excitation
and the vertical axis corresponds to the depth level of the excitation signal. This should not be
understood as a limitation. The apparatus and methods as described herein are also applicable
if the vertical axis of frame 714 corresponds to the time level of the excitation signal.
Generally, in the while drilling applications, depth is a function of time and for each time
level a corresponding depth level can be determined by methods known in the art. The decay
signal is represented by the grayscale intensity in pseudo image 714. Therefore each
horizontal line in pseudo-image 714 corresponds to one single curve in the data represented
by the set of curves 712a or 712b. Pseudo-image 714 is then subdivided in frames or slices
(indicated by the dashed line in pseudo-image 714. In the example of FIG. 7, a single frame
or slice of the pseudo-image 714 has 1000 echo data values X 4 depth levels. As shown by
arrow 704, individual 4 X 4 data blocks (4 time or depth levels X4 acquisition times after
excitation) of the pseudo-image 714 are encoded downhole (e.g., by the encoder 310),
transmitted to the surface, and decoded (e.g., by the decoder 320). Because the frame or slice
comprises only four time or depth levels, the compression-related latency of the real-time
data corresponds to only four time or depth levels. As shown by arrow 706, the real-time
NMR data processing is performed on the decoded echo-trains to obtain NMR relaxation
time (T,) distributions and to derive real-time porosity of formation components with a
compression-related latency that corresponds to four time or depth levels, for example. In
other examples relating to acoustic data, the analysis can derive a semblance map or acoustic
wave forms or seismic traces. In yet another example for decoded near-infrared spectroscopy
(NIR) spectra, the analysis can provide information on fluid composition. Drilling decisions
(e.g., how to control a drilling assembly, identifying hydrocarbon containing section) can be

made based on the real-time MPR or NMR data processing results. According to one or more
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embodiments described herein, the concept of treatment of non-image logging data (e.g., the
pseudo-image 714) is not limited to the 4 X 4 block concept. For example, it may be applied
to compression of a single depth level or line of data such as a single curve (e.g. a single
resistivity curve). To apply block-based compression to a single curve, one or more synthetic
curves may be generated and added to the single curve. For example, to apply a 4 X 4 block-
based compression on a single curve, three additional curves may be generated with the same
depth or time levels as the single curves. The three additional curves may consist of any
predefined series of data values, such as a constant value for all time and depth levels, or may
be a duplicate of the single curve, for example. The single curve and the three additional
curves may be used to generate 4 X 4 blocks based on which a 4 X 4 block-based
compression will be applied.

[0044] In the example of FIG. 7, echo-trains having 1000 data values (echos) can be
compressed to about < 100 bits per depth-level by using the techniques described herein. The
present techniques are able to capture linear and non-linear effects (e.g., motion artifacts).

[0045] FIG. 8 depicts a flow diagram of a method 800 for image compression
according to one or more embodiments described herein. The method 800 can be performed
by any suitable processing device and/or processing system, such as the processing system
12. According to one or more embodiments described herein, the method 800 is performed by
the encoder 310 and the decoder 320.

[0046] At block 802, an image downhole in a wellbore is captured. The image may an
image generated from formation evaluation data (e.g. gamma image, resistivity image,
density image, porosity image, acoustic image, as known in the art). In some examples, the
image is a pseudo-image generated from an echo-train (i.e., a train of echo data) or other
similar non-image data (such as curve data, e.g. formation evaluation data, like spectroscopy
data, gamma data, resistivity data, density data).

[0047] At block 804, the encoder 310 encodes the image by applying a block-based
compression technique using blocks of M pixels by four pixels, where M is a number of
curves of equal to or greater than four, corresponding to four depth levels. The encoding can
include performing a predicting, a transforming, and a bit encoding using the blocks of four
pixels by four pixels. In the case of pseudo-images, the encoding is performed on a frame of
the pseudo-image. In some examples, the frame comprises 4 depth levels and 1000 echo data

points.
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[0048] Encoding the image by applying the block-based compression technique using
the blocks of M pixels by four pixels is performed without using blocks not M pixels by four
pixels (e.g., without using 8 X 8 blocks or 16 X 16 blocks). This reduces compression-related
latency introduced by traditional H.264 compression techniques. For example compressing
the image by applying the block-based compression technique using the blocks of four pixels
by four pixels is associated with a first compression-related latency. Similarly, compressing
the image by applying an H.264 compression technique is associated with a second
compression-related latency. According to one or more embodiments described herein, the
second compression-related latency is longer than the first compression-related latency.

[0049] At block 806, the encoder 310 transmits a bit stream representing the encoded
image to a remote processing system at a surface of the earth. The transmission can occur via
mud pulse telemetry, a wireline/powerline, etc.

[0050] At block 808, the decoder 320 receives the bit stream and decodes the bit
stream representing the encoded image. The decoding can include performing a bit decoding,
an inverse transforming, and a reconstruction to generate output data comprising
decompressed data values, the output data being a decompressed version of the image or
pseudo-image. If the image is a time-based image, a time-depth conversion may be applied as
known in the art. For example, after the decompression each of the data values in the image
or pseudo-image may be assigned to surface depth level (i.e. a depth level assigned at the
earth’s surface) to generate a depth based image, a depth-based pseudo-image, or a depth-
based data block. The time-based or depth-based data may then be displayed at the earth’s
surface as an image, a pseudo-image, or one or more curves. For example, if a pseudo-image
was communicated comprising a plurality of labelled data sets, the data values of each
labelled data set may be plotted separately by connected or interpolated data points, so that
data values with different labels appear as different lines, also known as curves.

[0051] At block 810, the processing system 12 controls a drilling assembly based on
an analysis of the decoded bit stream representing the image. Controlling the drilling
assembly based on the analysis of the decoded bit stream representing the image can include
adjusting a drilling operation parameter based on the analysis of the decoded image. The
drilling operation parameter can include one or more of a weight on bit of a drill bit, a rate of
penetration of the drill bit, and/or an angle of inclination, toolface, or azimuth of the drill bit.
For example, the analysis may indicate that a rate of penetration of the drill bit should
increase and the angle of inclination of the drill bit should decrease (i.e., to be more

downward pointing). By controlling the drilling assembly using an analysis of the image, the
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operation of the drilling assembly can be improved. For example, the drilled well can produce
more hydrocarbons than otherwise possible, can reduce non-production time, and the like.

[0052] Additional processes also can be included, and it should be understood that the
processes depicted in FIG. 8 represent illustrations and that other processes can be added or
existing processes can be removed, modified, or rearranged without departing from the scope
and spirit of the present disclosure.

[0053] FIG. 9 depicts a workflow 900 for encoding of non-image multi-propagation
resistivity (MPR) data as a pseudo-image according to one or more embodiments described
herein. Propagation resistivity techniques such as MPR techniques measure the phase
differences 912 and amplitude attenuations 914 of electromagnetic waves between one or
more transmitter (Tx) and a receiver (Rx) or several receivers at various locations, for
example at different frequencies (e.g., 2 MHz and 400 kHz) and various Tx-Rx offsets (see
lines 1-8 in FIG. 9). The measured data is related to the signals generated at the receivers and
may be converted to apparent resistivity (e.g. in Ohmm), phase difference (e.g. in degree),
attenuation (e.g. in decibel), absolute voltages (e.g. in Volts), or real/imaginary parts of
absolute voltages (e.g. in Volts), etc. Any of these quantities may be converted to a pseudo-
image at arrow 902. For example, the phase differences 912 and the amplitude attenuations
914 are converted to a phase shift pseudo-image 922 and attenuation pseudo-image 924
respectively at arrow 902. Frames of the pseudo-images (such as the M X 4 frame 926) are
encoded, transmitted, and decoded at arrow 904. Processing is performed on the frame at 906
to generate a decoded frame 928. For example, a conversion from phase differences to
resistivity and/or a conversion from attenuation to resistivity may be performed to generate
processed curves as shown in FIG. 9.

[0054] Set forth below are some embodiments of the foregoing disclosure:

[0055] Embodiment 1: A method for image compression, the method comprising:
capturing an image downhole in a wellbore; encoding, by a processing system, the image by
applying a block-based compression technique using basic blocks of M data values by four
data values, where M is a number of curves of equal to or greater than four, corresponding to
four depth levels or time levels, , the depth levels corresponding to depths downhole in the
wellbore or time levels; transmitting, by the processing system, a bit stream representing the
encoded image to a remote processing system at a surface of the earth; decoding, by the
remote processing system, the bit stream representing the encoded image; and controlling a

drilling assembly based on an analysis of the decoded bit stream representing the image.
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[0056] Embodiment 2: A method according to any prior embodiment, wherein
encoding the image by applying the block-based compression technique using the blocks of
M pixels by four pixels or more is associated with a first latency, and wherein encoding the
image by applying an H.264 compression technique is associated with a second latency, the
second latency being longer than the first latency.

[0057] Embodiment 3: A method according to any prior embodiment, wherein the
encoding comprises performing a predicting, a transforming, and a bit encoding results of the
transforming as a bit string using the blocks of four pixels by four pixels.

[0058] Embodiment 4: A method according to any prior embodiment, wherein the
decoding comprises performing a bit decoding to decode the bit string, an inverse
transforming, and a reconstruction to generate output data, the output data being a
compressed version of the image.

[0059] Embodiment 5: A method according to any prior embodiment, wherein the
image comprises a pseudo-image generated from a series of data.

[0060] Embodiment 6: A method according to any prior embodiment, wherein the
pseudo-image comprises a depth component and a corresponding echo component.

[0061] Embodiment 7: A method according to any prior embodiment, wherein the
pseudo-image is four depth levels.

[0062] Embodiment 8: A method according to any prior embodiment, wherein
controlling the drilling assembly based on the analysis of the decoded bit stream representing
the image comprises adjusting a drilling operation parameter based on the analysis of the
decoded bit stream representing the image.

[0063] Embodiment 9: A method according to any prior embodiment, wherein the
drilling operation parameter comprises at least one of the parameters selected from the group
consisting of a weight on bit of a drill bit, a rate of penetration of the drill bit, and an angle of
inclination of the drill bit.

[0064] Embodiment 10: A method according to any prior embodiment, wherein
encoding the image by applying the block-based compression technique using the blocks of
M pixels by four pixels is performed without using blocks not M pixels by four pixels.

[0065] Embodiment 11: A system for a memory comprising computer readable
instructions; and a processing device for executing the computer readable instructions for
performing a method for image compression, the method comprising: generating, by the
processing device, a spectroscopy data based at least in part on curve data, the spectroscopy

data being in the form A X B, where A is a number of curves and B is a number of depth
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levels; encoding, by the processing device, the spectroscopy data by applying a block-based
compression technique; transmitting, by the processing device, a bit stream representing the
encoded spectroscopy data to a remote processing system at a surface of a wellbore;
decoding, by the remote processing system, the bit stream representing the encoded
spectroscopy data; and controlling a drilling assembly based on an analysis of the decoded bit
stream representing the spectroscopy data.

[0066] Embodiment 12: A system according to any prior embodiment, wherein the
spectroscopy data comprises a pseudo-image, and wherein the encoding is performed on a
subset-image of the pseudo-image.

[0067] Embodiment 13: A system according to any prior embodiment, wherein the
analysis of the decoded bit stream representing the pseudo-image generates a 7> distribution
and derived porosity components of the curve data.

[0068] Embodiment 14: A system according to any prior embodiment, wherein the
analysis of the decoded bit stream representing the spectroscopy data generates a semblance
map or acoustic first arrival waves.

[0069] Embodiment 15: A system according to any prior embodiment, wherein the
analysis of the decoded bit stream representing the spectroscopy data generates fluid
composition information.

[0070] Embodiment 16: A system according to any prior embodiment, wherein
controlling the drilling assembly based on the analysis of the decoded bit stream representing
the spectroscopy data comprises adjusting a drilling operation parameter based on the
analysis of the decoded spectroscopy data, and wherein the drilling operation parameter
comprises at least one of the parameters selected from the group consisting of a weight on bit
of a drill bit, a rate of penetration of the drill bit, and an angle of inclination of the drill bit.

[0071] Embodiment 17: A method for transmitting data from a downhole location to
the earth's surface, the method comprising: conveying a drilling assembly to the downhole
location, the drilling assembly including a drill bit to penetrate an earth formation and one or
more sensors; sensing, with the one or more sensors, sensor data downhole, the sensor data
comprising a plurality of data value sets; assigning at least one data value of each of the
plurality of data value sets to each of a plurality of time levels or depth levels to generate a
data block; compressing, with a first processor in the drilling assembly, the data block by a
block-based compression technique to generate compressed data; transmitting with a
telemetry system in the drilling assembly, the compressed data from the downhole location to

the earth's surface; decompressing, with a second processor at the earth's surface, the
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compressed data to generate decompressed data values; and controlling the drilling assembly
based on the decompressed data values.

[0072] Embodiment 18: A method according to any prior embodiment, further
comprising assigning each of the decompressed data values to a surface depth level to
generate a depth-based data block.

[0073] Embodiment 19: A method according to any prior embodiment, wherein the
plurality of data value sets comprise a first data value set associated with a first data value set
label and a second data value set associated with a second data value set label, wherein the
first data value set label and the second data value set label are different.

[0074] Embodiment 20: A method according to any prior embodiment, wherein the
first data value set label and the second data value set label refer to at least one of 1) the one
or more sensors, 1) an operating frequency of the one or more sensors, iii) a transmitter-
receiver distance of the one or more sensors, 1v) a toolface angle or toolface angle interval, v)
a running number for a series of consecutively sensed data values, and vi) a measurement
time or a measurement time interval.

[0075] Embodiment 21: A method according to any prior embodiment, wherein the
block-based compression technique comprises at least one of 1) a jpeg compression, ii) a
discrete cosine transform, and iii) a video compression technique.

[0076] Embodiment 22: A method according to any prior embodiment, wherein the
video compression technique comprises a motion prediction based on the data blocks,
wherein each of the data blocks comprises 64 data values or less.

[0077] Embodiment 23: A method according to any prior embodiment, further
comprising: displaying at the earth's surface the first data value set as a first curve and the
second data value set as a second curve.

[0078] Embodiment 24: A method for transmitting data from a downhole location to
the earth's surface, the method comprising: conveying a drilling assembly to the downhole
location, the drilling assembly including a drill bit to penetrate an earth formation and one or
more sensors; sensing, with the one or more sensors, sensor data downhole, the sensor data
comprising an one or more images; compressing, with a first processor in the drilling
assembly, the one or more images by a video compression technique to generate compressed
data; transmitting with a telemetry system in the drilling assembly, the compressed data from
the downhole location to the earth's surface; decompressing, with a second processor at the

earth's surface, the compressed data by a video decompression technique to generate
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decompressed data values; and controlling the drilling assembly based on the decompressed
data values.

[0079] Embodiment 25: A method according to any prior embodiment, wherein the
video compression technique comprises a motion prediction based on data blocks, wherein
each of the data blocks comprises 64 data values or less.

[0080] Embodiment 26: A method according to any prior embodiment, wherein each
of the data blocks comprises 16 data values or less.

[0081] Embodiment 27: A method according to any prior embodiment, wherein the
video compression technique comprises a motion prediction, wherein the motion prediction
uses data values of a first data block to estimate data values of a second data block, wherein
the data values of the first data block are transmitted to the earth's surface not later than the
data values of the second data block are transmitted to the earth's surface.

[0082] Embodiment 28: A method according to any prior embodiment, wherein the
data values of the first data block are transmitted to the earth's surface not before the data
values of the second data block are transmitted to the earth's surface.

[0083] Embodiment 29: A method according to any prior embodiment, wherein the
one or more sensors sense the sensor data at a measurement time interval and wherein the
video compression technique creates a compression-related latency that is lower than 16
times the measurement time interval.

[0084] Embodiment 30: A method according to any prior embodiment, wherein the
one or more images comprise one or more pseudo-images, the one or more pseudo-images
comprising a first data value set associated with a first data value set label and a second data
value set with a second data value set label and wherein the first data value set label and the
second data value set label refer to at least one of 1) the one or more sensors, i1) an operating
frequency of the one or more sensors, ii1) a transmitter-receiver distances of the one or more
sensors, 1v) a toolface angle or toolface angle interval, v) a running number for a series of
consecutively acquired data values, and vi) a measurement time or a measurement time
interval.

[0085] Embodiment 31: A system for transmitting data from a downhole location to
the earth's surface, the system comprising: a drilling assembly at the downhole location, the
drilling assembly including a drill bit to penetrate an earth formation; one or more sensors in
the drilling assembly, the one or more sensors configured to sense sensor data downhole, the
sensor data comprising a plurality of data value sets; a first processor in the drilling assembly,

the first processor configured to Assign at least one data value of each of the plurality of data
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value sets to each of a plurality of time levels or depth levels to generate a data block and to
compress the data block by a block-based compression technique to generate compressed
data; a telemetry system in the drilling assembly configured to transmit the compressed data
from the downhole location to the earth's surface; and a second processor at the earth's
surface configured to decompress the compressed data to generate decompressed data values;

[0086] Embodiment 32: A system according to any prior embodiment, wherein the
plurality of data value sets comprising a first data value set associated with a first data value
set label and a second data value set associated with a second data value set label, wherein the
first data value set label and the second data value set label are different and wherein the first
data value set label and the second data value set label refer to at least one of 1) the one or
more sensors, 1) an operating frequency of the one or more sensors, iii) a transmitter-receiver
distances of the one or more sensors, iv) a toolface angle or toolface angle interval, v) a
running number for a series of consecutively sensed data values, and vi) a measurement time
or a measurement time interval.

[0087] Embodiment 33: A system according to any prior embodiment, further
comprising a display at the earth's surface configured to display the first data value set as a
first curve and the second data value set as a second curve.

[0088] Embodiment 34: A system for transmitting data from a downhole location to
the earth's surface, the system comprising a drilling assembly at the downhole location, the
drilling assembly including a drill bit to penetrate an earth formation; one or more sensors
configured to sense sensor data downhole, the sensor data comprising one or more images; a
first processor in the drilling assembly, the first processor configured to compress the one or
more images by a video compression technique to generate compressed data; a telemetry
system in the drilling assembly, configured to transmit the compressed data from the
downhole location to the earth's surface; and a second processor at the earth's surface
configured to decompress the compressed data by a video decompression technique to
generate decompressed data values;

[0089] Embodiment 35: A system according to any prior embodiment, wherein the
one or more sensors sense the sensor data at a measurement time interval and wherein the
video compression technique creates a compression-related latency that is lower than 16
times the measurement time interval.

[0090] Embodiment 36: A system according to any prior embodiment, wherein the
video compression technique comprises a motion prediction, the motion prediction uses data

values of a first data block to estimate data values of a second data block, wherein the data
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values of the first data block are transmitted to the earth's surface not later than the data
values of the second data block are transmitted to the earth's surface

[0091] The use of the terms “a” and “an” and “the” and similar referents in the
context of describing the present disclosure (especially in the context of the following claims)
are to be construed to cover both the singular and the plural, unless otherwise indicated herein

2%

or clearly contradicted by context. Further, it should be noted that the terms “first,” “second,”
and the like herein do not denote any order, quantity, or importance, but rather are used to
distinguish one element from another. The modifier “about” used in connection with a
quantity is inclusive of the stated value and has the meaning dictated by the context (e.g., it
includes the degree of error associated with measurement of the particular quantity).

[0092] The teachings of the present disclosure can be used in a variety of well
operations. These operations can involve using one or more treatment agents to treat a
formation, the fluids resident in a formation, a wellbore, and/or equipment in the wellbore,
such as production tubing. The treatment agents can be in the form of liquids, gases, solids,
semi-solids, and mixtures thereof. Illustrative treatment agents include, but are not limited to,
fracturing fluids, acids, steam, water, brine, anti-corrosion agents, cement, permeability
modifiers, drilling muds, emulsifiers, demulsifiers, tracers, flow improvers etc. lllustrative
well operations include, but are not limited to, hydraulic fracturing, stimulation, tracer
injection, cleaning, acidizing, steam injection, water flooding, cementing, etc.

[0093] While the present disclosure has been described with reference to an
exemplary embodiment or embodiments, it will be understood by those skilled in the art that
various changes can be made and equivalents can be substituted for elements thereof without
departing from the scope of the present disclosure. In addition, many modifications can be
made to adapt a particular situation or material to the teachings of the present disclosure
without departing from the essential scope thereof. Therefore, it is intended that the present
disclosure not be limited to the particular embodiment disclosed as the best mode
contemplated for carrying out this present disclosure, but that the present disclosure will
include all embodiments falling within the scope of the claims. Also, in the drawings and the
description, there have been disclosed exemplary embodiments of the present disclosure and,
although specific terms can have been employed, they are unless otherwise stated used in a
generic and descriptive sense only and not for purposes of limitation, the scope of the present

disclosure therefore not being so limited.
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CLAIMS
What is claimed is:

1. A method (800) for transmitting data from a downhole location to the earth’s
surface (3), the method (800) comprising:

conveying a drilling assembly (8) to the downhole location, the drilling assembly (8)
including a drill bit (7) to penetrate an earth formation (4) and one or more sensors (11);

sensing, with the one or more sensors (11), sensor data downhole, the sensor data
comprising a plurality of data value sets;

assigning at least one data value of each of the plurality of data value sets to each of a
plurality of time levels or depth levels to generate a data block;

compressing, with a first processor (9) in the drilling assembly (8), the data block by a
block-based compression technique to generate compressed data;

transmitting, with a telemetry system in the drilling assembly (8), the compressed data
from the downhole location to the earth’s surface (3);

decompressing, with a second processor (21) at the earth’s surface (3), the
compressed data to generate decompressed data values; and

controlling the drilling assembly (8) based on the decompressed data values.

2. The method (800) of Claim 1, further comprising:

assigning each of the decompressed data values to a surface (3) depth level to
generate a depth-based data block.

3. The method (800) of Claim 1, wherein the plurality of data value sets
comprise a first data value set associated with a first data value set label and a second data
value set associated with a second data value set label, wherein the first data value set label
and the second data value set label are different.

4. The method (800) of Claim 3, wherein the first data value set label and the
second data value set label refer to at least one of 1) the one or more sensors (11), i1) an
operating frequency of the one or more sensors (11), iii) a transmitter-receiver distance of the
one or more sensors (11), iv) a toolface angle or toolface angle interval, v) a running number
for a series of consecutively sensed data values, and vi) a measurement time or a
measurement time interval.

5. The method (800) of Claim 1, wherein the block-based compression technique
comprises at least one of 1) a jpeg compression, ii) a discrete cosine transform, and iii) a

video compression technique.
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6. The method (800) of Claim 5, wherein the video compression technique
comprises a motion prediction based on the data blocks, wherein each of the data blocks
comprises 64 data values or less.

7. The method (800) of Claim 3, further comprising:

displaying at the earth’s surface (3) the first data value set as a first curve and the
second data value set as a second curve.

8. A method (800) for transmitting data from a downhole location to the earth’s
surface (3), the method (800) comprising:

conveying a drilling assembly (8) to the downhole location, the drilling assembly (8)
including a drill bit (7) to penetrate an earth formation (4) and one or more sensors (11);

sensing, with the one or more sensors (11), sensor data downhole, the sensor data
comprising an one or more images;

compressing, with a first processor (9) in the drilling assembly (8), the one or more
images by a video compression technique to generate compressed data;

transmitting, with a telemetry system in the drilling assembly (8), the compressed data
from the downhole location to the earth’s surface (3);

decompressing, with a second processor (21) at the earth’s surface (3), the
compressed data by a video decompression technique to generate decompressed data values;
and

controlling the drilling assembly (8) based on the decompressed data values.

0. The method (800) of Claim 8, wherein the video compression technique
comprises a motion prediction based on data blocks, wherein each of the data blocks
comprises 64 data values or less, and wherein_each of the data blocks comprises 16 data
values or less.

10.  The method (800) of Claim 8, wherein the video compression technique
comprises a motion prediction, wherein the motion prediction uses data values of a first data
block to estimate data values of a second data block, wherein the data values of the first data
block are transmitted to the earth’s surface (3) not later than the data values of the second
data block are transmitted to the earth’s surface (3).

11.  The method (800) of Claim 10, wherein the data values of the first data block
are transmitted to the earth’s surface (3) not before the data values of the second data block
are transmitted to the earth’s surface (3).

12.  The method (800) of Claim 8, wherein the one or more sensors (11) sense the

sensor data at a measurement time interval and wherein the video compression technique
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creates a compression-related latency that is lower than 16 times the measurement time
interval.

13.  The method (800) of Claim 8, wherein the one or more images comprise one
or more pseudo-images, the one or more pseudo-images comprising a first data value set
associated with a first data value set label and a second data value set with a second data
value set label and wherein the first data value set label and the second data value set label
refer to at least one of 1) the one or more sensors (11), i) an operating frequency of the one or
more sensors (11), iii) a transmitter-receiver distance of the one or more sensors (11), iv) a
toolface angle or toolface angle interval, v) a running number for a series of consecutively
acquired data values, and vi) a measurement time or a measurement time interval.

14. A system (100) for transmitting data from a downhole location to the earth’s
surface (3), the system (100) comprising:

a drilling assembly (8) at the downhole location, the drilling assembly (8) including a
drill bit (7) to penetrate an earth formation (4);

one or more sensors (11) in the drilling assembly (8), the one or more sensors (11)
configured to sense sensor data downhole, the sensor data comprising a plurality of data
value sets;

a first processor (9) in the drilling assembly (8), the first processor (9) configured to
assign at least one data value of each of the plurality of data value sets to each of a plurality
of time levels or depth levels to generate a data block and to compress the data block by a
block-based compression technique to generate compressed data;

a telemetry system in the drilling assembly (8) configured to transmit the compressed
data from the downhole location to the earth’s surface (3); and

a second processor (21) at the earth’s surface (3) configured to decompress the
compressed data to generate decompressed data values.

15. A system (100) for transmitting data from a downhole location to the earth’s
surface (3), the system comprising:

a drilling assembly (8) at the downhole location, the drilling assembly (8) including a
drill bit (7) to penetrate an earth formation (4);

one or more sensors (11) configured to sense sensor data downhole, the sensor data
comprising one or more images;

a first processor (9) in the drilling assembly (8), the first processor (9) configured to
compress the one or more images by a video compression technique to generate compressed

data;
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a telemetry system in the drilling assembly (8), configured to transmit the compressed
data from the downhole location to the earth’s surface (3); and
a second processor (21) at the earth’s surface (3) configured to decompress the

compressed data by a video decompression technique to generate decompressed data values.

29



PCT/US2020/037218
1/9

WO 2020/252155

Formation 4

SN

O
2
= o
I
8 /./\\///\\/A\\/\ N = 2
R N .
AN A 2 B
RN LN N
\ == A0
. \ e e N r——1 9.
=) ) —— | §%2
(] — I
AY //
v/
QN NN AN NN S S S A /\/\\/\
SOANIIN A7 0 NN R N A N N AN AN AN
3, N
<
[ e
O
-
(@]
£
| -
(@]
L

o
o
-—

7

Y-

FIG.1



PCT/US2020/037218

WO 2020/252155

2/9

Ge 1€ 0¢ 6¢
foidsig Joypadg| | asnop | |piooghay
IS
pun — —
[A 8¢
bugssasolg Joydopy Apjdsi( Jaydopy
s14dou 90DJIBYU| Jas()
53
|sng weysAs
o Py Iz 7 || @ 17
YIOM}aN HIOMON Jaydopy 0/ WY WOy Ndo
r— = R ﬁ
| — | Ndd
_ Iu mwao e _ o1z
P S Ndo
ov
Wa)sAs l/m_
bunpiadp




PCT/US2020/037218

WO 2020/252155

€0l

_(

— ¢|Nm —
[AAY 9¢¢
auibu3 - auibu3 L =] aulbuj
9p093(] Emmwm”_: 1ONJ)SU0IBY
[}
02¢ Jap0os(Q
L UOISSIWISUDI |
3
9l¢ a0
oulbuy | oulbu] |
buipoou] uondIpald
01¢ J49poou3]

~ Jnding

DIbQ

824n0g



PCT/US2020/037218

WO 2020/252155

4/9

RRERYE %%
DMLY
BRI REEY

aouanbag

N

00



PCT/US2020/037218

WO 2020/252155

5/9

RT logs

U |

f

S

[ e e o e

Enc. Data Stream

N% AN
.

N

L

N

w\/A

23

s

.

2 TN TN

.

VR

7

\J

3
Lp 0 1

FIG.5



WO 2020/252155

R

PCT/US2020/037218
x x
QO 4
8 S S
o o s
o R —
= % =
= (a4 i
1
= = = (o000 = |00 =
"
° ° ° ° °
° ° ° ° °
° ° ° ° °
1
© © © | © ©
I
1
To) Te) Tel Te) Te)
I
(]
' (o)
< < < ¢ <+ < "
] O
I —
P Lp] M OOOEm o0 M L
I
i
o~ o~ o i o o~
(]
I
I
-— -— -— (R -—
I
I
1 |
N
\\/\\ \\/ >
GRGRE A
N NN NI
R LRI 4 “
AN AN N AN SN NN
5 //\\///i\\///\\///\\///‘/\\///\\///\\// RSN N
~

RN N N N N RN o N N S P S DR

N

C— e

AN\

N

Y

awu/q;daq




PCT/US2020/037218

WO 2020/252155

7/9

00L \\

/|

buissa0.d
0o

NN

7

Z 0
m:.@%e:é il
St

960+ G0
[W9zL] 71 uoop

960+ ¢o
(swee)omopg

(swee)yoymo g1

0000¢ 0

[N [y YO g

W1 N 3408 MO 2L

wiq p Ay

[#] awi]

000L 008 008 OOy 00¢

006 { 00L | 00S | 0O | 0OL

apodep/
~3pOJU3

f

v0L

cmﬁ\ % - 001

Jabsuy 01 Buipeauosy pup buypos sy ﬁm_scﬁ\.



WO 2020/252155 PCT/US2020/037218

8/9
800

Capture An Image Downhole In A Wellbore
802

Encode The Image By Applying A Block—Based
Compression Technique Using Blocks Of M Pixels
By Four Pixels, Where M Is A Number Of Curves

Of Equal To Or Greater Than Four

804

Y

Transmit A Bit Stream Representing The
Encoded Image To A Remote Processing System
At A Surface Of The Earth

806

Y

Decode The Bit Stream Representing
The Encoded Image

!

Control A Drilling Assembly Based On An Analysis
Of The Decoded Bit Stream Representing The Image

810

808

FIG.8



PCT/US2020/037218

WO 2020/252155

6'Dld

[wwyp] Amgsisey  [wewyp] Ainnsisay SOAIND YW SIMND YA [ap] uononueyy  [bap] eouasayip asbyy

yOL Z0L gOL  gOky0l Z0L g0l 8/9G7€T1 9 ¥ 7002 09 0¥ 02 0 0Z-
— 5 L] T - 006ttt 006
- 008 008 - 008
- 002 - 001 - 00L
- 009 - 009 “ ““““ - 009
5 < <
0058 | Es - 005 E - 005 S
00y E | e oo - 00v & - 00v &
S =) =1 - 008 - 008
....................... I OON I OON @Nm L OON L OON
““““““““““““ e e R mmﬂﬂ p00b e 000
b_>5m_mow_ bSnm_mox LvN@ UOHDNUANY YdR HIYs mmcca 4di SeAind SeAND tEwI
UOKONUSRY ¥ 2sDUd Yl 726 16~ uojonuapy ydn asoud Y
. 216
R g — ¥ —
N. PR m., ....... \» s M. .......
@ “““““ N rsren @ ““““ N crsveses
m. _, — //m _ S
006



International application No.
PCT/US2020/037218

INTERNATIONAL SEARCH REPORT

A. CLASSIFICATION OF SUBJECT MATTER
E21B 47/12(2006.01)i, E21B 47/01(2006.01)i, E21B 47/04(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
E21B 47/12; E21B 47/18; GO1V 1/40; GO1V 3/00; GO6K 9/00; GO6K 9/36; E21B 47/01;, E21B 47/04

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models

Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & keywords: drilling assembly, sensor, data block, block-based compression, jpeg, discrete cosine
transform, video compression

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2014-0286538 A1 (SCHLUMBERGER TECHNOLOGY CORPORATION) 25 September 2014 1-15
paragraphs [0002], [0003], [0020], [0022]-[0025], [0030], [0040]-[0045], [011
2], claims 1, 3 and figures 1.1-2

A US 2012-0321209 A1 (LE et al.) 20 December 2012 1-15
paragraphs [0019], [0021], [0022] and figures 1, 2

A US 2017-0089195 A1 (SCHLUMBERGER TECHNOLOGY CORPORATION) 30 March 2017 1-15
paragraphs [0045]-[0049] and figure 7

A US 2016-0290128 A1 (DUGAS, BRYAN C.) 06 October 2016 1-15
paragraphs [0015]-[0017] and figure 1

A US 5519668 A (MONTARON, BERNARD) 21 May 1996 1-15
column 4, lines 3-65 and figure 1

|:| Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"D" document cited by the applicant in the international application "X" document of particular relevance; the claimed invention cannot be

"E" eatlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive
filing date step when the document is taken alone

"L"  document which may throw doubts on priority claim(s) or which is "Y" document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents,such combination

"O" document referring to an oral disclosure, use, exhibition or other means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed

Date of the actual completion of the international search
24 September 2020 (24.09.2020)

Date of mailing of the international search report

25 September 2020 (25.09.2020)

Name and mailing address of the [SA/KR

International Application Division

Korean Intellectual Property Office

189 Cheongsa-ro, Seo-gu, Dagjeon, 35208, Republic of Korea

Facsimile No, 182-42-481-8578

Authorized officer

BAHNG SEUNG HOON

Telephone No. +82-42-481-5560

Form PCT/ISA/210 (second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2020/037218
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2014-0286538 Al 25/09/2014 CA 2907719 Al 02/10/2014
EP 2978935 Al 03/02/2016
US 2015-0078625 Al 19/03/2015
US 8958604 B2 17/02/2015
US 9885236 B2 06/02/2018
WO 2014-158537 Al 02/10/2014
US 2012-0321209 Al 20/12/2012 BR 112013031999 A2 27/12/2016
CA 2837885 Al 20/12/2012
CA 2837885 C 02/08/2016
GB 2514205 A 19/11/2014
GB 2514205 B 12/09/2018
NO 20131508 Al 18/12/2013
US 8798384 B2 05/08/2014
WO 2012-174100 A2 20/12/2012
WO 2012-174100 A3 25/04/2013
US 2017-0089195 Al 30/03/2017 US 9835026 B2 05/12/2017
WO 2017-058481 Al 06/04/2017
US 2016-0290128 Al 06/10/2016 BR 112017020420 A2 05/06/2018
EP 3277924 Al 07/02/2018
US 9784097 B2 10/10/2017
WO 2016-160769 Al 06/10/2016
US 5519668 A 21/05/1996 CA 2150188 Al 27/11/1995
CA 2150188 C 12/03/2002
EP 0684490 A2 29/11/1995

Form PCT/ISA/210 (patent family annex) (July 2019)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - wo-search-report
	Page 42 - wo-search-report

