US 20220170360A1

United States

(19)

a2y Patent Application Publication o) Pub. No.: US 2022/0170360 A1
LI et al. 43) Pub. Date: Jun. 2, 2022

(54) DRILLING METHOD AND DRILLING Publication Classification

APPARATUS

(71) Applicant: INSTITUTE OF GEOLOGY AND
GEOPHYSICS, CHINESE
ACADEMY OF SCIENCES, Beijing
(CN)

(72) Inventors: Shouding LI, Beijing (CN); Xiao LI,
Beijing (CN); Dong CHEN, Beijing
(CN); Siyuan WU, Beijing (CN)

(73) Assignee: INSTITUTE OF GEOLOGY AND
GEOPHYSICS, CHINESE
ACADEMY OF SCIENCES, Beijing
(CN)

(21) Appl. No.: 17/219,386

(22) Filed: Mar. 31, 2021

(30) Foreign Application Priority Data

Nov. 27,2020  (CN) .ecevvreveneerrenne 202011367591.8

(51) Int. CL
E2IB 44/00 (2006.01)
E2IB 49/00 (2006.01)
(52) US.CL
CPC ... E21B 44/005 (2013.01); E21B 2200/22
(2020.05); E21B 49/003 (2013.01)
(57) ABSTRACT

A drilling method and a drilling apparatus are provided. In
the method, the feature parameter of the stratum around the
well, the feature parameter of the stratum in front of the drill
bit, the preset drilling parameter, the preset trajectory param-
eter, the current pose of the drill bit and the current rate of
penetration of the drill bit are obtained; the feature param-
eter of the reservoir in front of the drill bit is determined
based on the feature parameter of the stratum around the
well and the feature parameter of the stratum in front of the
drill bit; the above parameters are inputted to the pre-trained
drilling parameter modification model to obtain drilling
trajectory parameter and drilling speed parameters; and the
drilling direction and the rate of penetration are regulated
based on the above parameters.
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DRILLING METHOD AND DRILLING
APPARATUS

[0001] The present application claims the priority to Chi-
nese Patent Application No. 202011367591.8, titled
“DRILLING METHOD AND DRILLING APPARATUS”,
filed on Nov. 27, 2020 with the Chinese Patent Office, which
is incorporated herein by reference in its entirety.

FIELD

[0002] The present disclosure generally relates to the
technical field of exploration and development of geological
resources, and in particular to a drilling method and a
drilling apparatus.

BACKGROUND

[0003] Oil and natural gas are strategic resources and are
the “blood” for developing national economic. With the
increasing exploration and development of oil-gas fields and
the deepening of oil-gas wells in China and abroad, efficient
development of deep and ultra-deep oil and gas resources is
a major requirement for an energy replacement strategy in
China, and is the hotspot in the current and future explora-
tion and development of the oil and gas resources. The
method for exploring deep and ultra-deep wells based on the
geo-steering technology and the rotary steering technology
is currently the most automatic drilling method in the
drilling field. With the method, the oil-gas drilling rate, the
drilling efficiency and the wellbore quality can be effectively
improved.

[0004] In practices, the above method is performed based
on efficient transmission of well-ground data. A drilling
system located underground transmits real-time drilling
information to a well-site system located on the ground. The
technician in the well site regulates the rate of penetration
and the drilling trajectory of the drill bit based on the
real-time drilling information presented by the well-site
system.

[0005] According to the conventional technology, the
well-ground data is transmitted based on a mud pulse
method, in which the drilling fluid flowing in the drill string
serves as a transmission channel, and information is trans-
mitted through a baseband or a passband in a form of a coded
pressure pulse or a wave. However, the mud pulse signal
gradually attenuates as the well is deepened and the trans-
mission rate of the mud pulse signal is limited, resulting in
that the reliability and efficiency of the transmission of the
well-ground data cannot be ensured, thereby increasing the
risk of the drill bit drilling out of the reservoir and even
affecting the safety of the drilling process.

SUMMARY

[0006] In view of the above, a drilling method and a
drilling apparatus are provided according to the present
disclosure. With the present disclosure, a drilling system can
independently regulate a drilling direction and a rate of
penetration of a drill bit and independently control the
operation of the drill bit, performing the drilling process
without depending on the transmission of the well-ground
data, overcoming the shortcomings of the conventional
technology, and thereby improving the safety of the drilling
process. Technical solutions of the present disclosure are
described below.
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[0007] According to a first aspect of the present disclo-
sure, a drilling method is provided. The method is applied to
a drilling system, and the method includes:

[0008] obtaining a feature parameter of a stratum around
a well, a feature parameter of a stratum in front of a drill bit,
a preset drilling parameter, a preset trajectory parameter, a
current pose of the drill bit, and a current rate of penetration
of the drill bit;

[0009] determining, based on the feature parameter of the
stratum around the well and the feature parameter of the
stratum in front of the drill bit, a feature parameter of a
reservoir in front of the drill bit;

[0010] inputting the preset drilling parameter, the preset
trajectory parameter, the current pose of the drill bit and the
feature parameter of the reservoir to a pre-trained drilling
parameter modification model to obtain a drilling trajectory
parameter and a drilling speed parameter; and

[0011] regulating a drilling direction and a rate of pen-
etration of the drill bit based on the drilling trajectory
parameter, the drilling speed parameter, the current pose of
the drill bit and the current rate of penetration of the drill bit.

[0012] In an embodiment, the regulating a drilling direc-
tion and a rate of penetration of the drill bit based on the
drilling trajectory parameter, the drilling speed parameter,
the current pose of the drill bit and the current rate of
penetration of the drill bit includes:

[0013] calculating a biasing force parameter and a drilling
parameter based on the drilling trajectory parameter, the
drilling speed parameter, the current pose of the drill bit and
the current rate of penetration of the drill bit;

[0014] sending the biasing force parameter to a rotary
guiding mechanism of the drilling system to regulate the
drilling direction of the drill bit by the rotary guiding
mechanism based on the biasing force parameter; and
[0015] sending the drilling parameter to an automatic rig
of the drilling system to regulate the rate of penetration of
the drill bit by the automatic rig based on the drilling
parameter.

[0016] In an embodiment, the calculating a biasing force
parameter and a drilling parameter based on the drilling
trajectory parameter, the drilling speed parameter, the cur-
rent pose of the drill bit and the current rate of penetration
of the drill bit includes:

[0017]

[0018] inputting the drilling trajectory parameter, the drill-
ing speed parameter, the current pose of the drill bit and the
current rate of penetration of the drill bit to the preset
closed-loop control model to obtain the biasing force param-
eter and the drilling parameter.

[0019] In an embodiment, the determining, based on the
feature parameter of the stratum around the well and the
feature parameter of the stratum in front of the drill bit, a
feature parameter of a reservoir in front of the drill bit
includes:

[0020] calling a pre-trained parameter inversion model,
where the parameter inversion model is obtained by training
an artificial intelligence model using feature parameters of
stratums around a well and feature parameters of stratums in
front of a drill bit as inputs and using feature parameters of
reservoirs as outputs; and

[0021] inputting the feature parameter of the stratum
around the well and the feature parameter of the stratum in

calling a preset closed-loop control model; and



US 2022/0170360 Al

front of the drill bit to the parameter inversion model to
obtain the feature parameter of the reservoir in front of the
drill bit.

[0022] Inanembodiment, the drilling method according to
the first aspect of the present disclosure further includes:
sending the drilling trajectory parameter and the drilling
speed parameter to a wellsite control system.

[0023] According to a second aspect of the present dis-
closure, a drilling apparatus is provided. The apparatus
includes an obtaining unit, a determination unit, a calcula-
tion unit and a controlling unit.

[0024] The obtaining unit is configured to obtain a feature
parameter of a stratum around a well, a feature parameter of
a stratum in front of a drill bit, a preset drilling parameter,
a preset trajectory parameter, a current pose of the drill bit
and a current rate of penetration of the drill bit.

[0025] The determination unit is configured to determine,
based on the feature parameter of the stratum around the
well and the feature parameter of the stratum in front of the
drill bit, a feature parameter of a reservoir in front of the drill
bit.

[0026] The calculation unit is configured to input the
preset drilling parameter, the preset trajectory parameter, the
current pose of the drill bit and the feature parameter of the
reservoir to a pre-trained drilling parameter modification
model to obtain a drilling trajectory parameter and a drilling
speed parameter.

[0027] The controlling unit is configured to regulate a
drilling direction and a rate of penetration of the drill bit
based on the drilling trajectory parameter, the drilling speed
parameter, the current pose of the drill bit and the current
rate of penetration of the drill bit.

[0028] In an embodiment, the controlling unit, in regulat-
ing the drilling direction and the rate of penetration of the
drill bit based on the drilling trajectory parameter, the
drilling speed parameter, the current pose of the drill bit and
the current rate of penetration of the drill bit, is configured
to:

[0029] calculate a biasing force parameter and a drilling
parameter based on the drilling trajectory parameter, the
drilling speed parameter, the current pose of the drill bit and
the current rate of penetration of the drill bit;

[0030] send the biasing force parameter to a rotary guiding
mechanism of the drilling system to regulate the drilling
direction of the drill bit by the rotary guiding mechanism
based on the biasing force parameter; and

[0031] send the drilling parameter to an automatic rig of
the drilling system to regulate the rate of penetration of the
drill bit by the automatic rig based on the drilling parameter.
[0032] In an embodiment, the controlling unit, in calcu-
lating the biasing force parameter and the drilling parameter
based on the drilling trajectory parameter, the drilling speed
parameter, the current pose of the drill bit and the current
rate of penetration of the drill bit, is configured to:

[0033]

[0034] input the drilling trajectory parameter, the drilling
speed parameter, the current pose of the drill bit and the
current rate of penetration of the drill bit to the preset
closed-loop control model to obtain the biasing force param-
eter and the drilling parameter.

[0035] In an embodiment, the determination unit, in deter-
mining the feature parameter of the reservoir in front of the

call a preset closed-loop control model; and
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drill bit based on the feature parameter of the stratum around
the well and the feature parameter of the stratum in front of
the drill bit, is configured to:

[0036] call a pre-trained parameter inversion model,
where the parameter inversion model is obtained by training
an artificial intelligence model using feature parameters of
stratums around a well and feature parameters of stratums in
front of a drill bit as inputs and using feature parameters of
reservoirs as outputs; and

[0037] input the feature parameter of the stratum around
the well and the feature parameter of the stratum in front of
the drill bit to the parameter inversion model to obtain the
feature parameter of the reservoir in front of the drill bit.
[0038] Inan embodiment, the drilling apparatus according
to the second aspect of the present disclosure further
includes a sending unit. The sending unit is configured to
send the drilling trajectory parameter and the drilling speed
parameter to a wellsite control system.

[0039] Based on the technical solutions described above,
with the drilling method according to the present disclosure,
the drilling system, after obtaining the feature parameter of
the stratum around the well, the feature parameter of the
stratum in front of the drill bit, the preset drilling parameter,
the preset trajectory parameter, the current pose of the drill
bit and the current rate of penetration of the drill bit,
determines the feature parameter of the reservoir in front of
the drill bit based on the feature parameter of the stratum
around the well and the feature parameter of the stratum in
front of the drill bit, inputs the preset drilling parameter, the
preset trajectory parameter, the current pose of the drill bit
and the feature parameter of the reservoir to the pre-trained
drilling parameter modification model to obtain the drilling
trajectory parameter and the drilling speed parameter, and
regulates the drilling direction and the rate of penetration of
the drill bit based on the drilling trajectory parameter, the
drilling speed parameter, the current pose of the drill bit and
the current rate of penetration of the drill bit. With the
drilling method according to the present disclosure, the
drilling system can independently regulate the drilling direc-
tion and the rate of penetration of the drill bit and indepen-
dently control the operation of the drill bit, independently
performing the drilling process without depending on the
control information of the wellsite system. The limitation of
the reliability and efficiency of the transmission of the
well-ground data according to the conventional technology
does not affect the drilling process, thereby overcoming the
shortcomings of the conventional technology and improving
the safety of the drilling process.

[0040] Furthermore, with the method, the dependence on
engineers of the drilling process according to the conven-
tional technology can be overcome, reducing the influence
of personnel experiences on the drilling process.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] In conjunction with the drawings and with refer-
ence to the following embodiments, the above and other
features, advantages and aspects of the embodiments of the
present disclosure are more apparent. The same or similar
reference numerals throughout the drawings represent the
same or similar elements. It should be understood that the
drawings are schematic and the components and elements
are unnecessarily drawn to scale.

[0042] FIG. 1 is a flow chart of a drilling method accord-
ing to an embodiment of the present disclosure;
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[0043] FIG. 2 is a block diagram of a structure of a drilling
apparatus according to an embodiment of the present dis-
closure; and

[0044] FIG. 3 is a block diagram of a structure of a drilling
apparatus according to another embodiment of the present
disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

[0045] The embodiments of the present disclosure are
described in detail below with reference to the drawings.
Although some embodiments of the present disclosure are
shown in the drawings, it should be understood that the
present disclosure may be implemented in various forms and
should not be limited to the embodiments. The embodiments
are provided for thoroughly and completely understanding
the present disclosure. It should be understood that the
drawings and the embodiments of the present disclosure are
exemplary and are not intended to limit the protection scope
of the present disclosure.

[0046] The term “include” and its variations in the present
disclosure means open-ended inclusion, that is, “including
but not limited to”. The term “based on” means “based at
least in part on”. The term “one embodiment” means “at
least one embodiment”. The term “another embodiment”
means “at least one additional embodiment”. The term
“some embodiments” means “at least some embodiments”.
The definitions of other terms are provided in the following
descriptions.

[0047] It should be noted that the concepts such as “first”
and “second” mentioned in the present disclosure are used to
distinguish different devices, modules or units, and are not
used to limit an sequential order or interdependence of the
functions performed by the devices, modules or units.
[0048] It should be noted that the modifications such as
“one” and “multiple” mentioned in the present disclosure are
illustrative and not restrictive. Those skilled in the art should
understand that the modifications should be understood as
“one or more” unless otherwise expressly indicated in the
context.

[0049] Reference is made to FIG. 1, which is a flow chart
of a drilling method according to an embodiment of the
present disclosure. The drilling method according to the
present disclosure may be applied to a drilling system. The
drilling method may be applied to a controller in the drilling
system. The controller can obtain parameters, run control
programs, and control the drilling direction and the rate of
penetration of the drill bit. Apparently, in some cases, the
drilling method may be applied to a server at a network side.
The drilling method according to the present disclosure
includes the following steps S100 to S130.

[0050] In step S100, a feature parameter of a stratum
around a well, a feature parameter of a stratum in front of a
drill bit, a preset drilling parameter, a preset trajectory
parameter, a current pose of the drill bit and a current rate of
penetration of the drill bit are obtained.

[0051] Inthe conventional drilling system, a large number
of measuring tools, such as various types of sensors, are
provided. With these sensors, geophysical parameters of the
stratum can be obtained accurately and efficiently in the
drilling process.

[0052] Inthe drilling method according to the embodiment
of the present disclosure, the feature parameter of the
stratum around the well is obtained by using a geosteering
tool. The feature parameter of the stratum around the well
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includes at least an azimuth acoustic wave electromagnetic
wave imaging parameter, a resistivity imaging parameter, an
azimuth acoustic imaging parameter, a neutron parameter, a
density parameter, a gamma energy spectrum parameter, a
nuclear magnetic resonance parameter, a stratum testing-
sampling parameter, and so on. With the geosteering tool,
the geophysical parameters of the stratum around the well
are obtained to perceive the feature of the stratum around the
well. These parameters are inputted to a parameter intelli-
gent inversion model in an intelligent decision module to
provide a basis for a drilling decision.

[0053] The feature parameter of the stratum in front of the
drill bit is obtained by using an electromagnetic pre-detec-
tion and seismic while drilling tool. With the electromag-
netic pre-detection and seismic while drilling tool, the
stratum in front of the drill bit is pre-detected to obtain
parameters such as stratum lithology parameter, stratum
structure parameter and stratum geomechanical feature
parameter. It should be noted that the stratum in front of the
drill bit mentioned in the embodiments of the present
disclosure refers to a stratum in a forward direction of the
drill bit while drilling and has no corresponding relationship
with the orientation of the drill bit defined in physical
structure.

[0054] In practices, the current pose of the drill bit
includes position coordinates of the drill bit and a posture of
the drill bit. For the representation of the posture of the drill
bit, one may refer to the conventional technology, which is
not limited in the present disclosure. The current pose of the
drill bit is obtained by using a measuring while drilling tool.
With the measuring while drilling tool, parameters such as
a geomagnetic azimuth parameter and a gravity well devia-
tion parameter are obtained, and based on these parameters,
the position coordinates of the drill bit and the posture of the
drill bit are determined to calculate the well trajectory in real
time. In addition, the current rate of penetration of the drill
bit may be obtained by using the measuring while drilling
tool. It should be emphasized that in the embodiment, the
pose of the drill bit is required to be real-time, that is, the
obtained pose of the drill bit and the obtained rate of
penetration of the drill bit are respectively a pose of the drill
bit and a rate of penetration of the drill bit at a current time
instant or in a current control period. Based on the current
pose of the drill bit and the current rate of penetration of the
drill bit, the drilling direction of the drill bit and the drilling
progress can be obtained timely, thereby providing effective
data for regulating the drilling direction and the rate of
penetration of the drill bit in subsequent steps.

[0055] It should be noted that any methods with which the
feature parameter of the stratum around the well, the feature
parameter of the stratum in front of the drill bit and the
current pose of the drill bit can be obtained are optional, and
the methods, without exceeding the concept of the present
disclosure, fall in the protection scope of the present dis-
closure.

[0056] The preset trajectory parameter is obtained based
on an initial drilling trajectory parameter sequence and a
three-dimensional geological model in the drilling design
process, where the three-dimensional geological model is
constructed based on block wellsite geology parameters,
geophysical parameters and historical drilling data. The
preset trajectory parameter serves as a basic trajectory
parameter in subsequent steps.
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[0057] The preset drilling parameter is a preset drilling
engineering and hydraulic parameter which is obtained in
the drilling design process. The preset drilling parameter is
obtained based on an initial drilling engineering parameter
sequence, a trajectory parameter, a stratum feature param-
eter, and a stratum structure parameter. The preset drilling
parameter serves as a basic drilling parameter in subsequent
steps.

[0058] It should be noted that the preset trajectory param-
eter and the preset drilling parameter may be determined
according to the conventional technology, and how to deter-
mine the trajectory parameter and the preset drilling param-
eter is not limited in the present disclosure.

[0059] In step S110, a feature parameter of a reservoir in
front of the drill bit is determined based on the feature
parameter of the stratum around the well and the feature
parameter of the stratum in front of the drill bit.

[0060] Inan embodiment, in order to accurately determine
the feature parameter of the reservoir in front of the drill bit
to evaluate the stratum feature of the reservoir in front of the
drill bit and the oil-gas sweet spot in the reservoir in front of
the drill bit based on the feature parameter of the reservoir,
a parameter inversion model is pre-trained. The parameter
inversion model is obtained by training an artificial intelli-
gence model using feature parameters of stratums around a
well and feature parameters of stratums in front of a drill bit
as inputs and using feature parameters of reservoirs as
outputs. For example, a random forest model may be
selected for training.

[0061] As described above, the feature parameter of the
stratum around the well and the feature parameter of the
stratum in front of the drill bit include geophysical param-
eters such as a natural gamma parameter, a density param-
eter, an acoustic wave parameter, a neutron parameter and a
resistivity parameter. Using these parameters as inputs and
using feature parameters of reservoirs such as porosities,
permeability, water saturations and shale contents as out-
puts, the artificial intelligence model is continuously
evolved to obtain the parameter inversion model suitable for
the application scenario in the present disclosure. Compared
with the conventional technology, with the parameter inver-
sion model, oil, gas, water layer and the structural feature of
the stratum in front of the drill bit can be distinguished
quickly and accurately, providing basic data for evaluating
the stratum feature of the reservoir in front of the drill bit and
the oil-gas sweet spot in the reservoir in front of the drill bit.

[0062] In this step, after the parameters described in step
S100 are obtained, the pre-trained parameter inversion
model is called, and the feature parameter of the stratum
around the well and the feature parameter of the stratum in
front of the drill bit are inputted to the parameter inversion
model to obtain the feature parameter of the reservoir in
front of the drill bit.

[0063] It should be noted that parameters included in the
feature parameter of the reservoir may be flexibly selected
according to actual evaluation requirements for accurately
and comprehensively evaluating the feature parameter of the
stratum in front of the drill bit. The parameters included in
the feature parameter of the reservoir are not limited in the
present disclosure.

[0064] In step S120, the preset drilling parameter, the
preset trajectory parameter, the current pose of the drill bit
and the feature parameter of the reservoir are inputted to a
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pre-trained drilling parameter modification model to obtain
a drilling trajectory parameter and a drilling speed param-
eter.

[0065] In designing the drilling trajectory according to the
conventional technology, based on the geological stratifica-
tion and data of a target point or a target well section which
are provided by a geological and oil production department,
a drilling trajectory meeting design requirements is calcu-
lated by using a mathematical algorithm with a model based
on a spatial geometric curve equation such as a cylindrical
spiral, a spatial arc and a natural curve. In the conventional
trajectory design methods, a numerical iteration algorithm is
used to solve problems, not meeting the requirements of
trajectory design for complex oil-gas reservoirs and real-
time optimization of the drilling trajectory. The dependence
of the numerical iteration algorithm on an initial value
results in that no solution is obtained after multiple iterations
or a numerical solution is not a true solution meeting actual
engineering conditions, seriously hindering the development
of the automatic drilling technology.

[0066] To solve the above problem, a pre-trained drilling
parameter modification model is provided according to the
embodiments of the present disclosure. The drilling param-
eter modification model is trained using preset drilling
parameters, preset trajectory parameters, poses of a drill bit
and feature parameters of reservoirs as inputs and using
drilling trajectory parameters and drilling speed parameters
of the drill bit as outputs. The preset drilling parameter, the
preset trajectory parameter, the current pose of the drill bit
and the feature parameter of the reservoir are inputted to the
pre-trained drilling parameter modification model to obtain
the drilling trajectory parameter and the drilling speed
parameter of the drill bit drilling in a next control period.

[0067] In practices, there are many models or algorithms
for training the drilling parameter modification model. A
finite state machine model, a reinforcement learning model,
a decision tree model, a neural network model or a Bayesian
network model may be selected. The process of training the
drilling parameter modification model is not limited in the
present disclosure. In practices, based on a training method
according to the conventional technology, the drilling
parameter modification model may be trained by using the
selected model or algorithm. However, any applicable
model using the preset drilling parameter, the preset trajec-
tory parameter, the pose of the drill bit and the feature
parameter of the reservoir as an input and using the drilling
trajectory parameter and the drilling speed parameter of the
drill bit as an output, without exceeding the scope of the
concept of the present disclosure, fall in the protection scope
of the present disclosure.

[0068] Compared with the conventional technology, the
drilling trajectory parameter and the drilling speed param-
eter determined by the intelligent model according to the
present disclosure are more accurate and reliable, and based
on these parameters, the drilling trajectory does not deviate
from the reservoir and passes through more geological sweet
spots, thereby performing a high quality and efficiency
drilling process.

[0069] In step S130, a drilling direction and a rate of
penetration of the drill bit are regulated based on the drilling
trajectory parameter, the drilling speed parameter, the cur-
rent pose of the drill bit and the current rate of penetration
of the drill bit.
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[0070] After the drilling trajectory parameter, the drilling
speed parameter, the current pose of the drill bit and the
current rate of penetration of the drill bit are obtained, the
drilling direction and the rate of penetration of the drill bit
may be regulated based on the obtained drilling trajectory
parameter, the drilling speed parameter, the current pose of
the drill bit and the current rate of penetration d of the drill
bit.

[0071] A biasing force parameter and a drilling parameter
are calculated based on the obtained drilling trajectory
parameter, the drilling speed parameter, the current pose of
the drill bit and the current rate of penetration of the drill bit.
The biasing force parameter includes a well deviation
parameter and an azimuth parameter. The drilling direction
of the drill bit may be regulated based on the biasing force
parameter. In practices, the drilling system is provided with
a rotary guiding mechanism. The biasing force parameter is
sent to the rotary guiding mechanism of the drilling system,
and the rotary guiding mechanism may regulate the drilling
direction of the drill bit based on the biasing force parameter.
[0072] The drilling parameter includes a drilling pressure,
a rotation speed, a pump pressure and a pump volume. The
drilling system is further provided with an automatic rig for
driving the drill bit. The drilling parameter is sent to the
automatic rig of the drilling system, and the automatic rig
may regulate the rate of penetration of the drill bit based on
the drilling parameter.

[0073] In an embodiment, a preset closed-loop control
model is provided to improve the control accuracy of the
drilling process. The drilling trajectory parameter, the drill-
ing speed parameter, the pose of the drill bit and the current
rate of penetration of the drill bit are inputted to the preset
closed-loop control model, and the biasing force parameter
and the drilling parameter are outputted from the preset
closed-loop control model. Based on the parameters, the
drilling process is controlled in a closed loop.

[0074] In practices, the drilling trajectory parameter and
the drilling speed parameter outputted by the drilling param-
eter modification model described in previous steps are
determined as standard values, the current drilling trajectory
corresponding to the current pose of the drill bit and the
current rate of penetration of the drill bit are determined as
actual values, and that the errors between the standard values
and actual values are controlled to be within a preset range
is determined as the purpose of the closed-loop control
process. The biasing force parameter and the drilling param-
eter are continuously regulated by using the preset closed-
loop control model, thereby performing closed-loop control
simultaneously on the drilling direction of the drill bit and
the rate of penetration of the drill bit.

[0075] It should be noted that the process of determining
the actual drilling trajectory of the drill bit based on the
current pose of the drill bit may be performed according to
the conventional technology and is not limited in the present
disclosure.

[0076] In this step, an error calculation is performed by
using the preset the closed-loop control model based on the
standard values and the actual values to regulate the biasing
force and the rate of penetration of the drill bit, thereby
independently performing the closed-loop servo control on
the drilling direction and the rate of penetration of the drill
bit.

[0077] With the drilling method according to the present
disclosure, the drilling system can independently regulate
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the drilling direction and the rate of penetration of the drill
bit and independently control the operation of the drill bit,
independently performing the drilling process without
depending on the control information of the wellsite system.
The limitation of the reliability and efficiency of the trans-
mission of the well-ground data according to the conven-
tional technology does not affect the drilling process,
thereby overcoming the shortcomings of the conventional
technology and improving the safety of the drilling process.
[0078] Furthermore, with the method, the dependence on
engineers of the drilling process according to the conven-
tional technology can be overcome, reducing the influence
of personnel experiences on the drilling process.

[0079] In an embodiment, after the drilling trajectory
parameter and the drilling speed parameter are obtained in
step S120, if communication conditions permit, the obtained
drilling trajectory parameter and the obtained drilling speed
parameter may be sent to a wellsite control system for
reference by the technicians at the wellsite to learn the
drilling process timely and intervene in the drilling process
when necessary.

[0080] It should be noted that although the above opera-
tions are described in a specific order, it should not be
understood that these operations are required to be per-
formed in the specific order or performed in a sequential
order. In some conditions, multitasking and parallel process-
ing may be advantageous.

[0081] It should be understood that the steps in the method
embodiments of the present disclosure may be performed in
different orders and/or in parallel. In addition, the method
embodiments may include an additional step and/or an
omitted step that is not shown herein. The scope of the
present disclosure is not limited in this aspect.

[0082] A drilling apparatus according to an embodiment of
the present disclosure is described below. The drilling appa-
ratus described below may be considered as a functional
module architecture required to be provided in a central
device to perform the drilling method according to the
embodiments of the present disclosure. The following
descriptions may cross-reference with the above descrip-
tions.

[0083] Reference is made to FIG. 2, which is a block
diagram of a structure of a drilling apparatus according to an
embodiment of the present disclosure. As shown in FIG. 2,
the drilling apparatus according to the embodiment of the
present disclosure includes an obtaining unit 10, a determi-
nation unit 20, a calculation unit 30 and a controlling unit 40.
[0084] The obtaining unit 10 is configured to obtain a
feature parameter of a stratum around a well, a feature
parameter of a stratum in front of a drill bit, a preset drilling
parameter, a preset trajectory parameter, a current pose of
the drill bit, and a current rate of penetration of the drill bit.
[0085] The determination unit 20 is configured to deter-
mine, based on the feature parameter of the stratum around
the well and the feature parameter of the stratum in front of
the drill bit, a feature parameter of a reservoir in front of the
drill bit.

[0086] The calculation unit 30 is configured to input the
preset drilling parameter, the preset trajectory parameter, the
current pose of the drill bit and the feature parameter of the
reservoir to a pre-trained drilling parameter modification
model to obtain a drilling trajectory parameter and a drilling
speed parameter.
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[0087] The controlling unit 40 is configured to regulate a
drilling direction and a rate of penetration of the drill bit
based on the drilling trajectory parameter, the drilling speed
parameter, the current pose of the drill bit and the current
rate of penetration of the drill bit.

[0088] In an embodiment, the controlling unit 40, in
regulating the drilling direction and the rate of penetration of
the drill bit based on the drilling trajectory parameter, the
drilling speed parameter, the current pose of the drill bit and
the current rate of penetration of the drill bit, is configured
to:

[0089] calculate a biasing force parameter and a drilling
parameter based on the drilling trajectory parameter, the
drilling speed parameter, the current pose of the drill bit and
the current rate of penetration of the drill bit;

[0090] send the biasing force parameter to a rotary guiding
mechanism of the drilling system to regulate the drilling
direction of the drill bit by the rotary guiding mechanism
based on the biasing force parameter; and

[0091] send the drilling parameter to an automatic rig of
the drilling system to regulate the rate of penetration of the
drill bit by the automatic rig based on the drilling parameter.
[0092] In an embodiment, the controlling unit 40, in
calculating the biasing force parameter and the drilling
parameter based on the drilling trajectory parameter, the
drilling speed parameter, the current pose of the drill bit and
the current rate of penetration of the drill bit, is configured
to:

[0093] call a preset closed-loop control model, and
[0094] input the drilling trajectory parameter, the drilling
speed parameter, the current pose of the drill bit and the
current rate of penetration of the drill bit to the preset
closed-loop control model to obtain the biasing force param-
eter and the drilling parameter.

[0095] In an embodiment, the determination unit 20, in
determining the feature parameter of the reservoir in front of
the drill bit based on the feature parameter of the stratum
around the well and the feature parameter of the stratum in
front of the drill bit, is configured to:

[0096] call a pre-trained parameter inversion model,
wherein the parameter inversion model is obtained by train-
ing an artificial intelligence model using feature parameters
of stratums around a well and feature parameters of stratums
in front of a drill bit as inputs and using feature parameters
of reservoirs as outputs; and

[0097] input the feature parameter of the stratum around
the well and the feature parameter of the stratum in front of
the drill bit to the parameter inversion model to obtain the
feature parameter of the reservoir in front of the drill bit.
[0098] Reference is made to FIG. 3, which is a block
diagram of a structure of a drilling apparatus according to
another embodiment of the present disclosure. Based on the
embodiment shown in FIG. 2, the apparatus further includes
a sending unit 50.

[0099] The sending unit 50 is configured to send the
drilling trajectory parameter and the drilling speed param-
eter to a wellsite control system.

[0100] It should be noted that the units described in the
embodiments of the present disclosure may be implemented
by software or hardware. The name of the unit does not limit
the unit. For example, the obtaining unit may be described
as “a unit for obtaining parameters”.

[0101] Although the subject of the present disclosure has
been described according to the structural features and/or
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logical actions of the method, it should be understood that
the subject defined in the claims is not necessarily limited to
the features or actions described above. The specific features
and actions described above are only examples of the
implementation of the claims.

[0102] Although multiple implementation details are
included in the above descriptions, the details should not be
interpreted as limitations to the scope of the present disclo-
sure. Some features described in an embodiment may be
implemented in combination in another embodiment. In
addition, the features described in an embodiment may be
implemented individually or in any suitable sub-combina-
tion form in multiple embodiments.

[0103] The above descriptions are only preferred embodi-
ments of the present disclosure and explanations of the
technical principles used in the present disclosure. Those
skilled in the art should understand that the scope of the
present disclosure is not limited to the technical solution
formed by combination of the technical features described
above, but also covers other technical solutions formed by
any combination of the above technical features or the
equivalent features of the technical features without depart-
ing from the concept of the present disclosure. For example,
the scope of the present disclosure may cover a technical
solution formed by replacing the features described above
with technical features with similar functions disclosed in
(but not limited to) the present disclosure.

1. A drilling method, applied to a drilling system, wherein
the method comprises:

obtaining a feature parameter of a stratum around a well,
a feature parameter of a stratum in front of a drill bit,
a preset drilling parameter, a preset trajectory param-
eter, a current pose of the drill bit, and a current rate of
penetration of the drill bit;

determining, based on the feature parameter of the stratum
around the well and the feature parameter of the
stratum in front of the drill bit, a feature parameter of
a reservoir in front of the drill bit;

inputting the preset drilling parameter, the preset trajec-
tory parameter, the current pose of the drill bit and the
feature parameter of the reservoir to a pre-trained
drilling parameter modification model to obtain a drill-
ing trajectory parameter and a drilling speed parameter;
and

regulating a drilling direction and a rate of penetration of
the drill bit based on the drilling trajectory parameter,
the drilling speed parameter, the current pose of the
drill bit and the current rate of penetration of the drill
bit.

2. The drilling method according to claim 1, wherein the
regulating a drilling direction and a rate of penetration of the
drill bit based on the drilling trajectory parameter, the
drilling speed parameter, the current pose of the drill bit and
the current rate of penetration of the drill bit comprises:

calculating a biasing force parameter and a drilling

parameter based on the drilling trajectory parameter,
the drilling speed parameter, the current pose of the
drill bit and the current rate of penetration of the drill
bit;

sending the biasing force parameter to a rotary guiding

mechanism of the drilling system to regulate the drill-
ing direction of the drill bit by the rotary guiding
mechanism based on the biasing force parameter; and
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sending the drilling parameter to an automatic rig of the
drilling system to regulate the rate of penetration of the
drill bit by the automatic rig based on the drilling
parameter.

3. The drilling method according to claim 2, wherein the
calculating a biasing force parameter and a drilling param-
eter based on the drilling trajectory parameter, the drilling
speed parameter, the current pose of the drill bit and the
current rate of penetration of the drill bit comprises:

calling a preset closed-loop control model; and

inputting the drilling trajectory parameter, the drilling
speed parameter, the current pose of the drill bit and the
current rate of penetration of the drill bit to the preset
closed-loop control model to obtain the biasing force
parameter and the drilling parameter.

4. The drilling method according to claim 1, wherein the
determining, based on the feature parameter of the stratum
around the well and the feature parameter of the stratum in
front of the drill bit, a feature parameter of a reservoir in
front of the drill bit comprises:

calling a pre-trained parameter inversion model, wherein
the parameter inversion model is obtained by training
an artificial intelligence model using feature parameters
of stratums around a well and feature parameters of
stratums in front of a drill bit as inputs and using feature
parameters of reservoirs as outputs; and

inputting the feature parameter of the stratum around the
well and the feature parameter of the stratum in front of
the drill bit to the parameter inversion model to obtain
the feature parameter of the reservoir in front of the
drill bit.

5. The drilling method according to claim 1, further

comprising:

sending the drilling trajectory parameter and the drilling
speed parameter to a wellsite control system.

6. A drilling apparatus, comprising:

an obtaining unit, configured to obtain a feature parameter
of a stratum around a well, a feature parameter of a
stratum in front of a drill bit, a preset drilling parameter,
a preset trajectory parameter, a current pose of the drill
bit and a current rate of penetration of the drill bit;

a determination unit, configured to determine, based on
the feature parameter of the stratum around the well
and the feature parameter of the stratum in front of the
drill bit, a feature parameter of a reservoir in front of the
drill bit;

a calculation unit, configured to input the preset drilling
parameter, the preset trajectory parameter, the current
pose of the drill bit and the feature parameter of the
reservoir to a pre-trained drilling parameter modifica-
tion model to obtain a drilling trajectory parameter and
a drilling speed parameter; and

a controlling unit, configured to regulate a drilling direc-
tion and a rate of penetration of the drill bit based on the
drilling trajectory parameter, the drilling speed param-
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eter, the current pose of the drill bit and the current rate
of penetration of the drill bit.
7. The drilling apparatus according to claim 6, wherein the
controlling unit, in regulating the drilling direction and the
rate of penetration of the drill bit based on the drilling
trajectory parameter, the drilling speed parameter, the cur-
rent pose of the drill bit and the current rate of penetration
of the drill bit, is configured to:
calculate a biasing force parameter and a drilling param-
eter based on the drilling trajectory parameter, the
drilling speed parameter, the current pose of the drill bit
and the current rate of penetration of the drill bit;

send the biasing force parameter to a rotary guiding
mechanism of the drilling system to regulate the drill-
ing direction of the drill bit by the rotary guiding
mechanism based on the biasing force parameter; and

send the drilling parameter to an automatic rig of the
drilling system to regulate the rate of penetration of the
drill bit by the automatic rig based on the drilling
parameter.

8. The drilling apparatus according to claim 7, wherein the
controlling unit, in calculating the biasing force parameter
and the drilling parameter based on the drilling trajectory
parameter, the drilling speed parameter, the current pose of
the drill bit and the current rate of penetration of the drill bit,
is configured to:

call a preset closed-loop control model; and

input the drilling trajectory parameter, the drilling speed

parameter, the current pose of the drill bit and the
current rate of penetration of the drill bit to the preset
closed-loop control model to obtain the biasing force
parameter and the drilling parameter.

9. The drilling apparatus according to claim 6, wherein the
determination unit, in determining the feature parameter of
the reservoir in front of the drill bit based on the feature
parameter of the stratum around the well and the feature
parameter of the stratum in front of the drill bit, is configured
to:

call a pre-trained parameter inversion model, wherein the

parameter inversion model is obtained by training an
artificial intelligence model using feature parameters of
stratums around a well and feature parameters of stra-
tums in front of a drill bit as inputs and using feature
parameters of reservoirs as outputs; and

input the feature parameter of the stratum around the well

and the feature parameter of the stratum in front of the
drill bit to the parameter inversion model to obtain the
feature parameter of the reservoir in front of the drill
bit.

10. The drilling apparatus according to claim 6, further
comprising:

a sending unit, configured to send the drilling trajectory

parameter and the drilling speed parameter to a wellsite
control system.



