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SCALING FACTOR FOR CALIBRATING
ANTENNAS OF A WELLBORE TOOL

TECHNICAL FIELD

[0001] The present disclosure relates generally to wellbore
operations and, more particularly (although not necessarily
exclusively), to a scaling factor for calibrating a wellbore
tool.

BACKGROUND

[0002] A wellbore can be formed in a subterranean for-
mation for producing and extracting material from the
subterranean formation. The material can include hydrocar-
bon material such as oil and gas, etc. Various wellbore tools
can be used to perform various operations with respect to the
wellbore. For example, a resistivity tool can be positioned in
the wellbore to determine a resistivity with respect to the
wellbore. But, the wellbore tools may not be calibrated for
performing the wellbore operations. For example, one or
more components of the wellbore tools may not be identical,
and, without properly calibrating the wellbore tools adjust-
ing for the one or more components, the wellbore tools may
not return accurate measurements.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] FIG. 1 is a diagram of a wellbore with a wellbore
tool that can be calibrated using a scaling factor according
to one example of the present disclosure.

[0004] FIG. 2 is a block diagram of a computing system
for determining a scaling factor for calibrating a wellbore
tool according to one example of the present disclosure.
[0005] FIG. 3 is a flow chart of a process for determining
a scaling factor for calibrating a wellbore tool according to
one example of the present disclosure.

[0006] FIG. 4 is a flow chart of a process for determining
and applying component-based scaling factors to calibrate a
wellbore tool according to one example of the present
disclosure.

[0007] FIG. 5 is a diagram of an example of a wellbore
tool that can be calibrated using a scaling factor according
to one example of the present disclosure.

[0008] FIG. 6 is a set of plots of scaling factors for
calibrating a wellbore tool according to one example of the
present disclosure.

DETAILED DESCRIPTION

[0009] Certain aspects and examples of the present dis-
closure relate to determining a scaling factor for calibrating
a wellbore tool. The wellbore tool can include a resistivity
logging tool or other suitable wellbore tool that includes two
or more electromagnetic antennas such as receivers. The
electromagnetic antennas of the wellbore tool may be simi-
lar and may be designed to be identical. But, the electro-
magnetic antennas may differ due to various manufacturing
defects, manufacturing tolerances, material variations, and
the like. Thus, differences (e.g., different dipole moments,
etc.) can exist between the electromagnetic antennas. The
scaling factor can be used to adjust (e.g., for inherent or
uncontrollable differences between the antennas) measure-
ments made using the electromagnetic antennas. For
example, a common or averaged scaling factor can be
applied to measurements taken via the one or more of the
electromagnetic antennas. In some examples, different scal-
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ing factors can be applied to corresponding components of
a measurement relating to one or more of the electromag-
netic antennas of the wellbore tool.

[0010] The scaling factor can be determined using
decoupled measurements from the electromagnetic anten-
nas, which may include one or more transmitters, receivers,
or a combination thereof. The electromagnetic antennas may
transmit or receive data at any suitable frequencies. The
decoupled measurements may be taken while the wellbore
tool is in air. For example, the wellbore tool can be sus-
pended in an airhang configuration or other suitable con-
figuration for making measurements in air using the well-
bore tool. The scaling factor can be applied to one or more
measurements taken by the antennas of the wellbore tool
that is deployed in a wellbore formed in a subterranean
formation for controlling a wellbore operation.

[0011] Various wellbore tools can be used to perform
wellbore operations. The wellbore tools can include resis-
tivity tools, packing tools, drilling tools, etc. In electromag-
netic resistivity logging tools, two tilted antennas with
different tool face angles can be similarly arranged as
receivers or transmitters. Another tilted antenna can be
arranged as a transmitter or receiver and can be different
than the two tilted antennas. For example, if the two tilted
antennas are receivers, then the tilted antenna can be a
transmitter, and vice versa. Voltages measured at the receiv-
ers from a transmitter firing can be used to decouple one or
more multi-component tensors, which can be used for inver-
sion input relating to measurements of a formation in which
the wellbore is disposed.

[0012] The antennas can be designed to be identical. For
example, the antennas can be designed to include the same
dimension and structures (e.g., coils, ferrites, shield, etc.)
such that the antennas include an identical dipole moment.
But, manufacturing defects, material differences, and the
like can cause different dipole moments between the two
antennas to exist. Accordingly, the different dipole moments
can cause error in the decoupled multi-components tensor,
which can cause inefficiencies or mistakes in wellbore
operations controlled with the decoupled multi-components
tensor.

[0013] A scaling factor approach can be used to calibrate
the discrepancy between the antennas, for example, having
different dipole moments. Measurements can be taken using
an airhang calibration technique with different tool face
offset angles, which can include a tool face offset angle
between the transmitter and the receiver. Two sets of multi-
components tensors can be decoupled for two receivers
separately, and a scaling factor can be obtained by taking
ratio of the two sets of components. Additionally, the scaling
factor can be applied to various formation environments. By
applying the scaling factor to airhang data and field data,
accuracy of decoupled multi-component tensors and other
information or outputs relating to the field data can be
improved compared to data that does not use or otherwise
involve the scaling factor.

[0014] The scaling factor approach can reduce amplitude
offsets and phase offsets in decoupled multi-components
tensors. Using the scaling factor can provide an improved
(e.g., compared to techniques not using the scaling factor)
azimuth resistivity image and inversion results, which can
result in better geo-steering and other suitable improve-
ments. The scaling factor approach can reduce the fluctua-
tion of multi-components tensors with different transmitter
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and receiver toolface offset angles, and using the scaling
factor can provide more consistent and accurate data and
results from the wellbore tool.

[0015] In some examples, a wellbore tool can include two
receivers and one transmitter. In some examples, the well-
bore tool can include more than two receivers, fewer than
two receivers, more than one transmitter, or any suitable
combination thereof. The transmitter can include a tilted
transmitter antenna T with a tilted angle 0, and tool face
angle 3. The receiver can include two tilted receiver anten-
nas with tilted angle 6, and different tool face angles B and
B+AB. An offset angle, TFoffset, between the transmitter and
the receiver during assembly can exist. Thus, the receiver
tool face angles after assembly can be:

Br1=p+TFoflset (1a)
Bro=P+AB+TFoffset (1b)

where f3 is the tool face angle around the z-axis (longitudinal
axis) of the wellbore tool and with respect to an x-axis
(vertically orthogonal to the z-axis) of the wellbore tool. 6,
is a tilted angle of a transmitter, 6, is a ftilted angle of
receiver. Zij (i=x, y, 7; j=X, y, z) is the multi-component
tensor to be decoupled from the raw measurements Vg, ()
and V,(B). The raw measurements may include complex
voltages received at the respective electromagnetic antennas
or other suitable raw measurements received by the electro-
magnetic antennas. Since the measurements are made in air,
the tool response can be expressed by:

sin@)cos(B) 1 [Zxx O O [sin(@,)cos(B + TFoffser)] (2a)
Ver(B) = lsin(@,) sin(f) 0 Z,, 0 || sin(,)sin(B + TFoffser) ]
cos(f;) 0 0 Z, cos(8,)
(2b)
Ver(B) =
sin@)cos(B) 17 [Zxx O O [sin(@,)cos(B + AB + TFoffset)
[sin(@,) sin(f) 0 Z,, 0 || sin(,)sin(B +AB+ TFoffset) ]
cos(f;) 0 0 Z, cos(8,)

[0016] In a homogeneous formation, like in air, no varia-
tion of signals at different toolface angles may exist. So, §
can be set to zero. Accordingly, Equations 2a and 2b can
simplified to:

Vr1=C,, cos(TFoffset)+C_, (3a)
Vga=C cos(AP+TFoffset)+C_, (3b)
where:
Cy. = Zysind,sing, G}
{sz = Z,xcos6,sinf,

[0017] The multi-components tensors C,, and C_, can be
solved using Equations 3a and 3b concurrently. But, due to
manufacturing tolerances, material differences, and the like,
there may be differences between the antennas. A factor may
exist between V,; and V, which can result or otherwise
cause error in C,, and C_. In order to capture the factor (e.g.,
to determine the scaling factor) between Vg, and Vg,
measurements can be taken at different toolface offset
(TFoffset) angles. Accordingly:
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Vai(1) TFoffset(1) (5a)
VR1. @) — TFoﬁ:‘set(Z) s

VR1. () TFoﬁ.‘set(n)

Ve (D) AB+ TFoffser(1) (5b)
VRz.(Q) —c® AR+ TF.ojﬁ'et(Z) v o®

Vi) AB + TFoffsettn)

[0018] One set of components, C, can be solved for a
first antenna using Equation 5a, and another set of compo-
nents, C®, can be solved for a second antenna using
Equation 5b (e.g., separately). By comparing C*"” and C®,
the scaling factor SF between the first antenna and the
second antenna can be obtained:

SFzz: sz(l>/czz(2> (6a)
SF=C,"/C.. 2 (6b)

[0019] Ilustrative examples are given to introduce the
reader to the general subject matter discussed herein and are
not intended to limit the scope of the disclosed concepts. The
following sections describe various additional features and
examples with reference to the drawings in which like
numerals indicate like elements, and directional descriptions
are used to describe the illustrative aspects, but, like the
illustrative aspects, should not be used to limit the present
disclosure.

[0020] FIG. 1 is a diagram of a wellbore 100 with a
wellbore tool 102 that can be calibrated using a scaling
factor according to one example of the present disclosure.
The wellbore 100 can be formed in a subterranean formation
104 or other suitable formation (e.g., sub-oceanic, etc.). The
wellbore 100 can include a casing 106 or other suitable
components such as a tubing string, a workstring, etc. for
accessing the wellbore 100, for extracting produced mate-
rial, such as hydrocarbon material, from the wellbore 100.
The wellbore tool 102 can be positioned in the wellbore 100
via a string 108 or any other suitable component that can
deploy the wellbore tool 102 in the wellbore 100. In some
examples, the string 108 can deploy the wellbore tool 102
via a surface component 110 such as a winch or other
suitable component that can lower or otherwise deploy the
wellbore tool 102 in the wellbore 100.

[0021] The wellbore tool 102 can include any suitable tool
that can perform operations or otherwise make measure-
ments in the wellbore 100. For example, the wellbore tool
102 can include a resistivity tool, a packing or isolation tool,
a drilling tool, an imaging tool, other suitable wellbore tool,
or any combination thereof. As illustrated in FIG. 1, the
wellbore tool 102 is a tool that includes a set of electro-
magnetic antennas such as antennas 112a-c. The antennas
112a-¢ can include any suitable combination of receivers
and transmitters. For example, the antennas 112a-b can be
receivers, and the antenna 112¢ can be a transmitter. In
another example, the antennas 112a-b can be transmitters,
and the antenna 112c¢ can be a receiver, etc. The antennas
112a-c can be used to perform various wellbore operations.
In one such example, one or more transmitters of the
antennas 112a-¢ can emit electromagnetic waves into the
subterranean formation 104, and one or more receivers of
the antennas 112a-c can receive signals from the subterra-
nean formation 104. The signals received by the receivers
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can be used to determine resistivity of the subterranean
formation 104, perform an inversion with respect to the
subterranean formation 104, and other tasks, etc.

[0022] In some examples, the antennas 112a-b may be
designed to be identical. For example, the size, shape,
material, dipole moment, and other aspects of the antenna
112a may be designed to be identical to the size, shape,
material, dipole moment, and other aspects of the antenna
1125, etc. But, the antennas 1124-b may not be identical, for
example, due to inconsistencies in materials, manufacturing
techniques, etc. Inconsistencies between the antennas
112a-b can be corrected or otherwise calibrated to increase
an accuracy (e.g., compared to an accuracy resulting from
not correcting or calibrating the inconsistencies) of data
generated by, or operations performed by, the wellbore tool
102.

[0023] A computing device 114 can be positioned at a
surface 116 of the wellbore 100. In some examples, the
computing device 114 can be positioned in other suitable
locations such as in the wellbore 100 (e.g., on the wellbore
tool 102), remote from the wellbore 100, etc. The computing
device 114 can calibrate the inconsistencies associated with
the wellbore tool 102. For example, the computing device
114 can apply a scaling factor to voltages or other data
received by the wellbore tool 102. In some examples, the
computing device 114 can apply one or more different
scaling factors to one or more different components of a
tensor associated with data received by the wellbore tool
102. The scaling factor (or scaling factors) can be deter-
mined by performing a calibration of one or more of the
antennas 112a-c of the wellbore tool 102 outside of the
wellbore 100. For example, the wellbore tool 102 that
includes the antennas 112a-c can be arranged in an airhang
calibration configuration, and the computing device 114, or
a separate computing device communicatively coupled to
the computing device 114, can determine the scaling factor
that can be used to adjust the data received by the wellbore
tool 102. The computing device 114 can perform other
suitable tasks for calibrating the wellbore tool 102.

[0024] The scaling factor can be used to calibrate the
wellbore tool 102 for controlling a wellbore operation. The
computing device 114 can apply the scaling factor (or
scaling factors) to one or more measurements taken by one
or more of the antennas 112a-c¢ to generate one or more
adjusted measurements. The adjusted measurements can be
used to control the wellbore operation. For example, deci-
sions regarding a drilling operation, a stimulation operation,
a production operation, or other suitable wellbore operation
can be made (e.g., by an operator or a computing device)
based on the measurements adjusted using the scaling factor
or scaling factors.

[0025] FIG. 2 is a block diagram of a computing system
200 for determining a scaling factor for calibrating a well-
bore tool 102 according to one example of the present
disclosure. The components shown in FIG. 2 (e.g. the
computing device 114, power source 220, etc.) can be
integrated into a single structure. For example, the compo-
nents can be included in a single housing. In other examples,
the components shown in FIG. 2 can be distributed via
separate housings or otherwise, and in electrical communi-
cation with each other.

[0026] The system 200 may include the computing device
114. The computing device 114 can include a processor 204
interfaced with other hardware via a bus 206. A memory
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207, which can include any suitable tangible (and non-
transitory) computer-readable medium, such as random-
access memory (“RAM”), read-only memory (“ROM”),
electrically erasable and programmable read-only memory
(“EEPROM”), or the like, can embody program components
that configure operation of the computing device 114. In
some aspects, the computing device 114 can include input/
output interface components, such as a display, printer,
keyboard, touch-sensitive surface, and mouse, and addi-
tional storage.

[0027] The processor 204 can execute one or more instruc-
tions 210, or operations, stored in the memory 207 for
determining a scaling factor 212 for calibrating a wellbore
tool 102. For example, the processor 204 can receive a first
set of measurements and a second set of measurements at
two respective electromagnetic antennas of the wellbore tool
102 in an airhang calibration of the wellbore tool 102. The
processor 204 can decouple a first mufti-components tensor
and a second multi-components tensor of the received sets of
measurements and can determine the scaling factor 212 that
can be used to calibrate the wellbore tool 102 or that can
otherwise be used to adjust inconsistencies between the
antennas 112. The processor 204 can receive a measurement
from one or more of the electromagnetic antennas of the
wellbore tool 102 positioned in the wellbore 100. And, the
processor 204 can apply the scaling factor 212 to the
measurement for correcting or otherwise improving the
measurements, which can be used to invert geology of the
subterranean formation 104, to determine resistivity of the
subterranean formation 104, to control a wellbore operation,
etc.

[0028] The instructions 210 may include other suitable
instructions for determining the scaling factor 212 for
adjusting or otherwise accounting for inconsistencies
between the electromagnetic antennas of the wellbore tool
102. The processor 204 can execute the instructions 210
stored in the memory 207 to perform the operations. The
processor 204 can include one processing device or multiple
processing devices or cores. Non-limiting examples of the
processor 204 include a Field-Programmable Gate Array

(“FPGA”), an application-specific integrated circuit
(“ASIC”), a microprocessor, etc.
[0029] The processor 204 can be communicatively

coupled to the memory 207 via the bus 206. The memory
207 may be non-volatile and may include any type of
memory device that retains stored information when pow-
ered off. Non-limiting examples of the memory 207 include
EEPROM, flash memory, or any other type of non-volatile
memory. In some examples, at least part of the memory 207
can include a medium from which the processor 204 can
read instructions. A computer-readable medium can include
electronic, optical, magnetic, or other storage devices
capable of providing the processor 204 with computer-
readable instructions or other program code. Non-limiting
examples of a computer-readable medium include (but are
not limited to) magnetic disk(s), memory chip(s), ROM,
RAM, an ASIC, a configured processor, optical storage, or
any other medium from which a computer processor can
read instructions. The instructions can include processor-
specific instructions generated by a compiler or an inter-
preter from code written in any suitable computer-program-
ming language, including, for example, C, C++, C #, Perl,
Java, etc.
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[0030] The computing system 200 can include a power
source 220. The power source 220 can be in electrical
communication with the computing device 114 that may
include a communications device 222. In some examples,
the power source 220 can include a battery or an electrical
cable (e.g., a wireline). The power source 220 can include an
AC signal generator. The computing device 114 can operate
the power source 220 to apply a transmission signal to an
antenna 228, in an example in which the communications
device 222 is operating in a wireless mode, to forward data
relating to the scaling factor 212 to other systems. For
example, the computing device 114 can cause the power
source 220 to apply a voltage with a frequency within a
specific frequency range to the antenna 228. This can cause
the antenna 228 to generate a wireless transmission. In other
examples, the computing device 114, rather than the power
source 220, can apply the transmission signal to the antenna
228 for generating the wireless transmission.

[0031] In some examples, part of the communications
device 222 can be implemented in software. For example,
the communications device 222 can include additional
instructions stored in memory 207 for controlling functions
of the communications device 222, The communications
device 222 can receive signals from remote devices and
transmit data to remote devices. For example, the commu-
nications device 222 can transmit wireless communications
that are modulated by data via the antenna 228. In some
examples, the communications device 222 can receive sig-
nals (e.g. associated with data to be transmitted) from the
processor 204 and amplity, filter, modulate, frequency shift,
or otherwise manipulate the signals. In some examples, the
communications device 222 can transmit the manipulated
signals to the antenna 228. The antenna 228 can receive the
manipulated signals and responsively generate wireless
communications that carry the data.

[0032] The computing system 200 can additionally
include an input/output interface 232. The input/output
interface 232 can connect to a keyboard, pointing device,
display, and other computer input/output devices. An opera-
tor may provide input using the input/output interface 232.
Additionally or alternatively, the operator may view outputs
from the computing device 114 on the input/output interface
232. For example, the scaling factor 212, one or more
multi-components tensors, and other suitable information
can be displayed to the operator or a supervisor of a wellbore
operation for making decisions about the wellbore opera-
tion. The wellbore operation can include an exploration
operation, a stimulation operation, a drilling operation, a
production operation, and the like. In some examples, scal-
ing factor-adjusted measurements that can be displayed by
the computing device 114 via the input/output interface 232
can be used to control one or more wellbore operations. For
example, a fracturing operation can be controlled using data
generated using the scaling factor-adjusted measurements,
etc.

[0033] FIG. 3 is a flow chart of a process 300 for deter-
mining a scaling factor 212 for calibrating a wellbore tool
102 according to one example of the present disclosure. At
block 302, the computing device 114 receives a first set of
measurements and a second set of measurements with
respect to two respective electromagnetic antennas of a
wellbore tool 102. In some examples, the wellbore tool 102
can be arranged in an airhang configuration or other suitable
configuration for calibration in air. The first set of measure-
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ments can include voltage readings at a first electromagnetic
antenna, and the second set of measurements can include
voltage readings at a second electromagnetic antenna. For
example, a transmitter (e.g., the antenna 112¢) can transmit
signals that can be received separately at the two antennas
112a-b, and the first set of measurements and the second set
of measurements can include the received signals. In some
examples, the first set of measurements can involve mea-
surements taken with a first set of azimuth angles, and the
second set of measurements can involve measurements
taken with a second set of azimuth angles.

[0034] The azimuth angles can be measured from the
respective electromagnetic antenna to a longitudinal axis of
the wellbore tool 102. In some examples, the azimuth angle,
or toolface angle or offset, can be measured between the first
electromagnetic antenna, or the second electromagnetic
antenna, and the third electromagnetic antenna. For
example, the toolface angle or offset of the antenna 1124 or
of the antenna 1126 may be measured with respect to the
antenna 112¢. The azimuth angles included in the respective
measurements of the antenna 112¢ may be different than
those of the antenna 1125.

[0035] At block 304, the computing device 114 decouples
a first multi-components tensor and a second multi-compo-
nents tensor separately and based on the received air mea-
surements. The computing device 114 can use the received
signals, the azimuth or toolface angles or offsets, or other
suitable data received with respect to the first electromag-
netic antenna and the second electromagnetic antenna (e.g.,
antennas 112a-b) to decouple the first multi-components
tensor and the second multi-components tensor. In some
examples, the computing device 114 can decouple the first
multi-components tensor using the first set of measurements
associated with a first electromagnetic antenna, and the
computing device 114 can decouple the second multi-com-
ponents tensor using the second set of measurements asso-
ciated with a second electromagnetic antenna.

[0036] In some examples, the computing device 114 can
use Equation 5a, Equation 5b, other suitable equations, or a
combination thereof to decouple or otherwise determine the
first multi-components tensor and the second multi-compo-
nents tensor. The tensors may each include various compo-
nents such as an XX component, a ZZ component, or other
suitable components. The XX component may indicate a
first directional component, such as a component of the
tensor associated with a traditional x-axis in three dimen-
sions, and the ZZ component may indicate a second direc-
tional component such as a component of the tensor asso-
ciated with a traditional z-axis in three dimensions.

[0037] Atblock 306, the computing device 114 determines
a scaling factor 212. The computing device 114 can use
Equation 6a, Equation 65, or a combination thereof to
determine one or more scaling factors. For example, the
computing device 114 can determine a first scaling factor
using a first component of the first multi-components tensor
and a second component of the second multi-components
tensor. Additionally, the computing device 114 can deter-
mine a second scaling factor using a third component of the
first multi-components tensor and a fourth component of the
second multi-components tensor. In some examples, the first
component can correspond to the second component, and
the third component can correspond to the fourth compo-
nent. The computing device 114 can determine any other
suitable scaling factors associated with any other suitable
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components of the tensors. In some examples, the comput-
ing device 114 can determine the scaling factor 212 based on
the one or more determined scaling factors. For example, the
computing device 114 can average or otherwise suitably
combine the first scaling factor, the second scaling factor,
and any other suitable scaling factors to determine the
scaling factor 212.

[0038] At block 308, the computing device 114 applies the
scaling factor 212 to one or more measurements, such as raw
measurements, received by one or more of the electromag-
netic antennas of the wellbore tool 102 that is positioned in
the wellbore 100. Subsequent to the computing device 114
determining the scaling factor 212 based on measurements
of the electromagnetic antennas (e.g., the antennas 112a-b)
taken in air, the wellbore tool 102 can be positioned in the
wellbore 100. The wellbore tool 102 can use the electro-
magnetic antennas to make or receive raw measurements,
such as complex voltage measurements, and the like, with
respect to the wellbore 100. The raw measurements received
by one or more of the electromagnetic antennas can be
adjusted by the computing device 114. For example, the
computing device 114 can apply the scaling factor 212 to a
raw measurement taken by an electromagnetic antenna of
the wellbore tool 102 to generate an adjusted measurement.
In some examples, the computing device 114 can apply the
scaling factor 212 to the raw measurement by multiplying
the raw measurement by the scaling factor 212, by normal-
izing the raw measurement with the scaling factor 212, or by
performing any other suitable operation on the raw mea-
surement using the scaling factor 212.

[0039] At block 310, the computing device 114 decouples
a third multi-components tensor using the scaling-factor-
adjusted measurement from the deployed wellbore tool 102.
The computing device 114 can use the adjusted measure-
ment to decouple the third multi-components tensor that is
associated with the measurement to generate an adjusted,
decoupled third multi-components tensor. The adjusted,
decoupled third multi-components tensor can be used with
respect to wellbore operations. For example, the adjusted,
decoupled third multi-components tensor can be used to
determine a resistivity of the wellbore 100, to invert the
geology of the wellbore 100 and surrounding the wellbore
tool 102, and to perform other suitable wellbore operations.
In some examples, the adjusted, decoupled third multi-
components tensor can be used to control a wellbore opera-
tion such as an exploration operation, a drilling operation, a
stimulation operation, a production operation, or other suit-
able operation with respect to the wellbore 100.

[0040] FIG. 4 is a flow chart of a process for determining
and applying component-based scaling factors to calibrate a
wellbore tool according to one example of the present
disclosure. At block 402, the computing device 114 receives
a first set of measurements and a second set of measurements
with respect to two respective electromagnetic antennas of a
wellbore tool 102. In some examples, the wellbore tool 102
can be arranged in an airhang configuration or other suitable
configuration for calibration in air. The first set of measure-
ments can include voltage readings at a first electromagnetic
antenna, and the second set of measurements can include
voltage readings at a second electromagnetic antenna. For
example, a transmitter (e.g., the antenna 112¢) can transmit
signals that can be received separately at the two antennas
112a-b, and the first set of measurements and the second set
of measurements can include the received signals. In some
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examples, the first set of measurements can involve mea-
surements taken with a first set of azimuth angles, and the
second set of measurements can involve measurements
taken with a second set of azimuth angles. In some
examples, the operations performed by the computing
device 114 with respect to the block 402 may be similar or
identical to the operations performed by the computing
device 114 with respect to the block 302 of the process 300.

[0041] At block 404, the computing device 114 decouples
a first multi-components tensor and a second multi-compo-
nents tensor separately and based on the received air mea-
surements. The computing device 114 can use the received
signals, the azimuth or toolface angles or offsets, or other
suitable data received with respect to the first electromag-
netic antenna and the second electromagnetic antenna (e.g.,
antennas 112a-b) to decouple the first multi-components
tensor and the second multi-components tensor. In some
examples, the computing device 114 can decouple the first
multi-components tensor using the first set of measurements
associated with a first electromagnetic antenna, and the
computing device 114 can decouple the second multi-com-
ponents tensor using the second set of measurements asso-
ciated with a second electromagnetic antenna. In some
examples, the operations performed by the computing
device 114 with respect to the block 404 may be similar or
identical to the operations performed by the computing
device 114 with respect to the block 304 of the process 300.

[0042] Atblock 406, the computing device 114 determines
component-based scaling factors based on the first multi-
components tensor and the second multi-components tensor.
In some examples, a first scaling factor may correspond to
corresponding components of the decoupled first and second
multi-components tensors, and a second scaling factor may
correspond to different corresponding components of the
decoupled first and second multi-components tensors. For
example, the set of scaling factors can include (i) a first
scaling factor corresponding to an XX component of the
decoupled, multi-components tensors, and (ii)) a second
scaling factor corresponding to a ZZ component of the
decoupled, multi-components tensors. In some examples,
the computing device 114 can derive a first scaling factor
and a second scaling factor from the component-based
scaling factors. For example, the computing device 114 can
derive the first scaling factor from the XX component-
related scaling factor, and the computing device 114 can
derive the second scaling factor from the ZZ component-
related scaling factor. The component-based scaling factors
can include any other suitable numbers (e.g., more than two)
of scaling factors that correspond to different components of
the decoupled mufti-components tensors. In some examples,
the scaling factors can be determined via Equation 6a,
Equation 64, other suitable equations, or a combination
thereof.

[0043] At block 408, the computing device 114 applies the
scaling factors to respective components of a measurement
received at one or more electromagnetic antennas of the
wellbore tool 102 positioned in the wellbore 100. In some
examples, the computing device 114 can apply the compo-
nent-based scaling factors. Additionally or alternatively, the
computing device 114 can apply the first scaling factor and
the second scaling factor, which were derived from the
component-based scaling factors. Subsequent to the com-
puting device 114 determining the component-based scaling
factors based on measurements of the electromagnetic
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antennas taken in air, the wellbore tool 102 can be positioned
in the wellbore 100. The wellbore tool 102 can use the one
or more electromagnetic antennas, such as receivers, to
make or receive measurements, such as complex voltages,
and the like, with respect to the wellbore 100. The measure-
ments received by the electromagnetic antennas can be
adjusted by the computing device 114. For example, the
computing device 114 can decouple a third multi-compo-
nents tensor associated with the measurements and can
apply the scaling factors to the respective components of the
tensor to generate an adjusted, third multi-components ten-
sor. In some examples, the computing device 114 can apply
the scaling factors to the respective components by multi-
plying the respective components by the respective scaling
factor, by normalizing the respective components with the
respective scaling factor, or by performing any other suitable
operation on the respective components using the respective
scaling factor.

[0044] At block 410, the computing device 114 inverts
geology of the wellbore 100 surrounding the wellbore tool
102 using the scaling-factor-adjusted components of the
third multi-components tensor. For example, the scaling-
factor-adjusted components can be used as an input by the
computing device 114 into an algorithm or other suitable
model for inverting the geology of the wellbore 100. In some
examples, the scaling-factor-adjusted components can be
used to determine a resistivity of the wellbore 100. Addi-
tionally or alternatively, the scaling-factor-adjusted compo-
nents can be used to control a wellbore operation. For
example, the scaling-factor-adjusted components can be
used to make decisions about or otherwise control an
exploration operation, a drilling operation, a stimulation
operation, a production operation, or other suitable wellbore
operation with respect to the wellbore 100.

[0045] FIG. 5 is a diagram of an example of a wellbore
tool 102 that can be calibrated using a scaling factor 212
according to one example of the present disclosure. The
wellbore tool 102 can include a transmitter portion 502, a
receiver portion 504, and any other suitable components. As
illustrated, the transmitter portion 502 includes one electro-
magnetic antenna (e.g., antenna 112¢), and the receiver
portion 504 includes two electromagnetic antennas (e.g.,
antennas 112a-4). In some examples, the transmitter portion
502 can include more than one electromagnetic antenna, and
the receiver portion 504 can include one electromagnetic
antenna or more than two electromagnetic antennas.
[0046] The antennas 112a-c¢ can be positioned on or oth-
erwise with respect to the wellbore tool 102 with various
azimuth or toolface angles or offsets. For example, the
antenna 112¢ can be positioned with a first azimuth or
toolface angle with respect to a longitudinal axis 506 of the
wellbore tool 102, the antenna 112« can be positioned with
a second azimuth or toolface angle with respect to the
longitudinal axis 506, and the antenna 1126 can be posi-
tioned with a third azimuth or toolface angle with respect to
the longitudinal axis 506. The first toolface angle, the second
toolface angle, and the third toolface angle may be similar
or different.

[0047] The antennas 112a¢-b may be designed to be iden-
tical, such as designed to have an identical dipole moment,
but defects in manufacturing or material may cause differ-
ences to exist between the antennas 112a-b. Accordingly, the
differences between the antennas 112a-b can be corrected or
otherwise calibrated using the scaling factor 212. For
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example, the computing device 114, or other suitable com-
puting devices, can determine a scaling factor 212 between
the antennas 112a-b using measurements taken with the
wellbore tool 102 in air. The computing device 114 can
apply the scaling factor 212 to one or more measurements
taken with the wellbore tool 102 that is positioned in the
wellbore 100. In some examples, such as when more than
two receiver antennas are included on the wellbore tool 102,
the computing device 114 can determine a separate scaling
factor, or a separate set of scaling factors, for each pair of
receiver antennas.

[0048] FIG. 6 is a set of plots 600a-d of scaling factors for
calibrating a wellbore tool 102 according to one example of
the present disclosure. As illustrated, the plots 600a-b rep-
resent scaling factors with respect to attenuation associated
with measurements taken by the antennas 112a-b, and the
plots 600c-d represent scaling factors with respect to phase
shift associated with measurements taken by the antennas
1124-b. The horizontal axes of the plots 600a-d may repre-
sent various resistivity measurements of the wellbore 100,
the vertical axes of the plots 600a-b may represent the
respective scaling factors in decibels, and the vertical axes
of the plots 600c-d may represent the respective scaling
factors in degrees.

[0049] The plot 600a may represent a first scaling factor of
a first component, such as the ZZ component, of a tensor of
the measurements, and the plot 6005 may represent a second
scaling factor of a second component, such as the XX
component, of the tensor of the measurements. The plot
600c may represent a first scaling factor of the first compo-
nent of the tensor of the measurements, and the plot 6004
may represent a second scaling factor of the second com-
ponent of the tensor of the measurements. The plots 600a-d
may indicate that the scaling factors are similar among
different formation resistivities, different components of the
tensor, or a combination thereof.

[0050] In some aspects, systems, methods, and non-tran-
sitory computer-readable mediums for determining a scaling
factor for calibrating a wellbore tool are provided according
to one or more of the following examples:

[0051] As used below, any reference to a series of
examples is to be understood as a reference to each of those
examples disjunctively (e.g., “Examples 1-4” is to be under-
stood as “Examples 1, 2, 3, or 47).

[0052] Example 1 is a system comprising: a processor;
and a non-transitory computer-readable medium com-
prising instructions that are executable by the processor
to cause the processor to perform operations compris-
ing: receiving a first plurality of measurements and a
second plurality of measurements, the first plurality of
measurements received at a first electromagnetic
antenna from a third electromagnetic antenna, the sec-
ond plurality of measurements received at a second
electromagnetic antenna from the third electromagnetic
antenna, the first plurality of measurements associated
with a first set of azimuth angles of the first electro-
magnetic antenna with respect to a longitudinal axis of
a wellbore tool, the second plurality of measurements
associated with a second set of azimuth angles of the
second electromagnetic antenna with respect to the
longitudinal axis, the first electromagnetic antenna and
the second electromagnetic antenna positioned on the
wellbore tool that is positioned in air; decoupling a first
multi-components tensor and a second multi-compo-
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nents tensor, the first multi-components tensor corre-
sponding to the first plurality of measurements, and the
second multi-components tensor corresponding to the
second plurality of measurements; determining, using
the decoupled first multi-components tensor and the
second multi-components tensor, a scaling factor;
applying the scaling factor to: a raw measurement of
the first electromagnetic antenna or the second electro-
magnetic antenna to generate and decouple a third
multi-components tensor for controlling a wellbore
operation, the first electromagnetic antenna and the
second electromagnetic antenna positioned on the well-
bore tool that is positioned in a wellbore for making the
raw measurement; or decoupled components of a fourth
multi-components tensor for controlling a wellbore
operation, the fourth multi-components tensor corre-
sponding to the raw measurements from both the first
electromagnetic antenna and the second electromag-
netic antenna.

[0053] Example 2 is the system of example 1, wherein
the first set of azimuth angles and the second set of
azimuth angles are different, and wherein the operation
of determining the scaling factor includes determining
the scaling factor based on the first set of azimuth
angles associated with the first electromagnetic antenna
and the second set of azimuth angles associated with
the second electromagnetic antenna.

[0054] Example 3 is the system of example 1, wherein
the operation of determining the scaling factor for raw
measurements includes determining an average scaling
factor by averaging a first scaling factor and a second
scaling factor, wherein the operation of applying the
scaling factor includes applying the averaged scaling
factor to the raw measurement, and wherein the opera-
tions further comprise: determining the first scaling
factor using a first component of the first multi-com-
ponents tensor and a second component of the second
multi-components tensor, wherein the first component
corresponds to the second component; and determining
the second scaling factor using a third component of the
first multi-components tensor and a fourth component
of the second multi-components tensor, wherein the
third component corresponds to the fourth component.
[0055] Example 4 is the system of example 1, wherein
the operation of determining the scaling factor
includes: determining a first scaling factor using a first
component of the first multi-components tensor and a
second component of the second multi-components
tensor, wherein the first component corresponds to the
second component; and determining a second scaling
factor using a third component of the first multi-
components tensor and a fourth component of the
second multi-components tensor, wherein the third
component corresponds to the fourth component.
[0056] Example 5 is the system of any of examples 1
and 4, wherein the operation of applying the scaling
factor to the decoupled components of the fourth multi-
components tensor includes: determining a first com-
ponent-based scaling factor and a second component-
based scaling factor from a first scaling factor and a
second scaling factor; applying the first component-
based scaling factor to a fifth component of the fourth
multi-components tensor, wherein the fifth component
corresponds to the first component and the second
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component; and applying the second component-based
scaling factor to a sixth component of the fourth
multi-components tensor, wherein the sixth component
corresponds to the third component and the fourth
component.

[0057] Example 6 is the system of example 1; wherein

the first electromagnetic antenna is a first receiver,
wherein the second electromagnetic antenna is a second
receiver, wherein the third electromagnetic antenna is a
transmitter, wherein the first plurality of measurements
and the second plurality of measurements are voltage
readings at the first receiver and the second receiver,
respectively, from the transmitter, and wherein the raw
measurement is a complex voltage reading at the first
receiver or at the second receiver.

[0058] Example 7 is the system of example 1, wherein

the operations further comprise: determining, using the
decoupled third multi-components tensor or the fourth
multi-components tensor, a resistivity of a subterranean
formation in which the wellbore is formed; inverting,
using the decoupled third multi-components tensor or
the fourth multi-components tensor, a geology of the
subterranean formation; and controlling a wellbore
operation using the resistivity and the inverted geology.

[0059] Example 8 is a method comprising: receiving a

first plurality of measurements and a second plurality of
measurements, the first plurality of measurements
received at a first electromagnetic antenna from a third
electromagnetic antenna, the second plurality of mea-
surements received at a second electromagnetic
antenna from the third electromagnetic antenna, the
first plurality of measurements associated with a first
set of azimuth angles of the first electromagnetic
antenna with respect to a longitudinal axis of a wellbore
tool, the second plurality of measurements associated
with a second set of azimuth angles of the second
electromagnetic antenna with respect to the longitudi-
nal axis, the first electromagnetic antenna and the
second electromagnetic antenna positioned on the well-
bore tool that is positioned in air; decoupling a first
multi-components tensor and a second multi-compo-
nents tensor, the first multi-components tensor corre-
sponding to the first plurality of measurements, and the
second multi-components tensor corresponding to the
second plurality of measurements; determining, using
the decoupled first multi-components tensor and the
second multi-components tensor, a scaling factor;
applying the scaling factor to: a raw measurement of
the first electromagnetic antenna or the second electro-
magnetic antenna to generate and decouple a third
multi-components tensor for controlling a wellbore
operation, the first electromagnetic antenna and the
second electromagnetic antenna positioned on the well-
bore tool that is positioned in a wellbore for making the
raw measurement; or decoupled components of a fourth
multi-components tensor for controlling a wellbore
operation, the fourth multi-components tensor corre-
sponding to the raw measurements from both the first
electromagnetic antenna and the second electromag-
netic antenna.

[0060] Example 9 is the method of example 8, wherein

the first set of azimuth angles and the second set of
azimuth angles are different, and wherein determining
the scaling factor includes determining the scaling
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factor based on the first set of azimuth angles associ-
ated with the first electromagnetic antenna and the
second set of azimuth angles associated with the second
electromagnetic antenna.

[0061] Example 10 is the method of example 8, wherein
determining the scaling factor for raw measurements
includes determining an average scaling factor by aver-
aging a first scaling factor and a second scaling factor,
wherein applying the scaling factor includes applying
the averaged scaling factor to the raw measurement,
and wherein the method further comprises: determining
the first scaling factor using a first component of the
first multi-components tensor and a second component
of the second multi-components tensor, wherein the
first component corresponds to the second component;
and determining the second scaling factor using a third
component of the first multi-components tensor and a
fourth component of the second multi-components ten-
sor, wherein the third component corresponds to the
fourth component.

[0062] Example 11 is the method of example 8, wherein
determining the scaling factor includes: determining a
first scaling factor using a first component of the first
multi-components tensor and a second component of
the second multi-components tensor, wherein the first
component corresponds to the second component; and
determining a second scaling factor using a third com-
ponent of the first multi-components tensor and a fourth
component of the second multi-components tensor,
wherein the third component corresponds to the fourth
component.

[0063] Example 12 is the method of any of examples 8
and 11, wherein applying the scaling factor to the
decoupled components of the fourth multi-components
tensor includes: determining a first component-based
scaling factor and a second component-based scaling
factor from a first scaling factor and a second scaling
factor; applying the first component-based scaling fac-
tor to a fifth component of the fourth multi-components
tensor, wherein the fifth component corresponds to the
first component and the second component; and apply-
ing the second component-based scaling factor to a
sixth component of the fourth multi-components ten-
sor, wherein the sixth component corresponds to the
third component and the fourth component.

[0064] Example 13 is the method of example 8, wherein
the first electromagnetic antenna is a first receiver,
wherein the second electromagnetic antenna is a second
receiver, wherein the third electromagnetic antenna is a
transmitter, wherein the first plurality of measurements
and the second plurality of measurements are voltage
readings at the first receiver and the second receiver,
respectively, from the transmitter, and wherein the raw
measurement is a complex voltage reading at the first
receiver or at the second receiver.

[0065] Example 14 is the method of example 8, further
comprising: determining, using the decoupled third
multi-components tensor or the fourth multi-compo-
nents tensor, a resistivity of a subterranean formation in
which the wellbore is formed; inverting, using the
decoupled third multi-components tensor or the fourth
multi-components tensor, a geology of the subterranean
formation; and controlling a wellbore operation using
the resistivity and the inverted geology.
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[0066] Example 15 is a non-transitory computer-read-

able medium comprising instructions that are execut-
able by a processing device for causing the processing
device to perform operations comprising: receiving a
first plurality of measurements and a second plurality of
measurements, the first plurality of measurements
received at a first electromagnetic antenna from a third
electromagnetic antenna, the second plurality of mea-
surements received at a second electromagnetic
antenna from the third electromagnetic antenna, the
first plurality of measurements associated with a first
set of azimuth angles of the first electromagnetic
antenna with respect to a longitudinal axis of a wellbore
tool, the second plurality of measurements associated
with a second set of azimuth angles of the second
electromagnetic antenna with respect to the longitudi-
nal axis, the first electromagnetic antenna and the
second electromagnetic antenna positioned on the well-
bore tool that is positioned in air; decoupling a first
multi-components tensor and a second multi-compo-
nents tensor, the first multi-components tensor corre-
sponding to the first plurality of measurements, and the
second multi-components tensor corresponding to the
second plurality of measurements; determining, using
the decoupled first multi-components tensor and the
second multi-components tensor, a scaling factor;
applying the scaling factor to: a raw measurement of
the first electromagnetic antenna or the second electro-
magnetic antenna to generate and decouple a third
multi-components tensor for controlling a wellbore
operation, the first electromagnetic antenna and the
second electromagnetic antenna positioned on the well-
bore tool that is positioned in a wellbore for making the
raw measurement; or decoupled components of a fourth
multi-components tensor for controlling a wellbore
operation, the fourth multi-components tensor corre-
sponding to the raw measurements from both the first
electromagnetic antenna and the second electromag-
netic antenna.

[0067] Example 16 is the non-transitory computer-read-

able medium of example 15, wherein the first set of
azimuth angles and the second set of azimuth angles are
different, and wherein the operation of determining the
scaling factor includes determining the scaling factor
based on the first set of azimuth angles associated with
the first electromagnetic antenna and the second set of
azimuth angles associated with the second electromag-
netic antenna.

[0068] Example 17 is the non-transitory computer-read-

able medium of example 15, wherein the operation of
determining the scaling factor for raw measurements
includes determining an average scaling factor by aver-
aging a first scaling factor and a second scaling factor,
wherein the operation of applying the scaling factor
includes applying the averaged scaling factor to the raw
measurement, and wherein the operations further com-
prise: determining the first scaling factor using a first
component of the first multi-components tensor and a
second component of the second multi-components
tensor, wherein the first component corresponds to the
second component; and determining the second scaling
factor using a third component of the first multi-
components tensor and a fourth component of the
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second multi-components tensor, wherein the third
component corresponds to the fourth component.

[0069] Example 18 is the non-transitory computer-read-
able medium of example 15, wherein the operation of
determining the scaling factor includes: determining a
first scaling factor using a first component of the first
multi-components tensor and a second component of
the second multi-components tensor, wherein the first
component corresponds to the second component; and
determining a second scaling factor using a third com-
ponent of the first multi-components tensor and a fourth
component of the second multi-components tensor,
wherein the third component corresponds to the fourth
component; and wherein the operation of applying the
scaling factor to the decoupled components of the
fourth multi-components tensor includes: determining
a first component-based scaling factor and a second
component-based scaling factor from a first scaling
factor and a second scaling factor; applying the first
component-based scaling factor to a fifth component of
the fourth multi-components tensor, wherein the fifth
component corresponds to the first component and the
second component; and applying the second compo-
nent-based scaling factor to a sixth component of the
fourth multi-components tensor, wherein the sixth
component corresponds to the third component and the
fourth component.

[0070] Example 19 is the non-transitory computer-read-
able medium of example 15, wherein the first electro-
magnetic antenna is a first receiver, wherein the second
electromagnetic antenna is a second receiver, wherein
the third electromagnetic antenna is a transmitter,
wherein the first plurality of measurements and the
second plurality of measurements are voltage readings
at the first receiver and the second receiver, respec-
tively, from the transmitter, and wherein the raw mea-
surement is a complex voltage reading at the first
receiver or at the second receiver.

[0071] Example 20 is the non-transitory computer-read-
able medium of example 15, wherein the operations
further comprise: determining, using the decoupled
third multi-components tensor or the fourth multi-
components tensor, a resistivity of a subterranean for-
mation in which the wellbore is formed; inverting,
using the decoupled third multi-components tensor or
the fourth multi-components tensor, a geology of the
subterranean formation; and controlling a wellbore
operation using the resistivity and the inverted geology.

[0072] The foregoing description of certain examples,
including illustrated examples, has been presented only for
the purpose of illustration and description and is not
intended to be exhaustive or to limit the disclosure to the
precise forms disclosed. Numerous modifications, adapta-
tions, and uses thereof will be apparent to those skilled in the
art without departing from the scope of the disclosure.

What is claimed is:

1. A system comprising:

a processor; and

a non-transitory computer-readable medium comprising
instructions that are executable by the processor to
cause the processor to perform operations comprising:
receiving a first plurality of measurements and a second

plurality of measurements, the first plurality of mea-
surements received at a first electromagnetic antenna
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from a third electromagnetic antenna, the second

plurality of measurements received at a second elec-

tromagnetic antenna from the third electromagnetic
antenna, the first plurality of measurements associ-
ated with a first set of azimuth angles of the first
electromagnetic antenna with respect to a longitudi-
nal axis of a wellbore tool, the second plurality of
measurements associated with a second set of azi-
muth angles of the second electromagnetic antenna
with respect to the longitudinal axis, the first elec-
tromagnetic antenna and the second electromagnetic
antenna positioned on the wellbore tool that is posi-
tioned in air;

decoupling a first multi-components tensor and a sec-
ond multi-components tensor, the first multi-compo-
nents tensor corresponding to the first plurality of
measurements, and the second multi-components
tensor corresponding to the second plurality of mea-
surements;

determining, using the decoupled first multi-compo-
nents tensor and the second multi-components ten-
sor, a scaling factor;

applying the scaling factor to:

a raw measurement of the first electromagnetic
antenna or the second electromagnetic antenna to
generate and decouple a third multi-components
tensor for controlling a wellbore operation, the
first electromagnetic antenna and the second elec-
tromagnetic antenna positioned on the wellbore
tool that is positioned in a wellbore for making the
raw measurement; or

decoupled components of a fourth multi-components
tensor for controlling a wellbore operation, the
fourth multi-components tensor corresponding to
the raw measurements from both the first electro-
magnetic antenna and the second electromagnetic
antenna.

2. The system of claim 1, wherein the first set of azimuth
angles and the second set of azimuth angles are different,
and wherein the operation of determining the scaling factor
includes determining the scaling factor based on the first set
of azimuth angles associated with the first electromagnetic
antenna and the second set of azimuth angles associated with
the second electromagnetic antenna.

3. The system of claim 1, wherein the operation of
determining the scaling factor for raw measurements
includes determining an average scaling factor by averaging
a first scaling factor and a second scaling factor, wherein the
operation of applying the scaling factor includes applying
the averaged scaling factor to the raw measurement, and
wherein the operations further comprise:

determining the first scaling factor using a first component

of the first multi-components tensor and a second
component of the second multi-components tensor,
wherein the first component corresponds to the second
component; and

determining the second scaling factor using a third com-

ponent of the first multi-components tensor and a fourth
component of the second multi-components tensor,
wherein the third component corresponds to the fourth
component.

4. The system of claim 1, wherein the operation of
determining the scaling factor includes:
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determining a first scaling factor using a first component
of the first multi-components tensor and a second
component of the second multi-components tensor,
wherein the first component corresponds to the second
component; and

determining a second scaling factor using a third compo-

nent of the first multi-components tensor and a fourth
component of the second multi-components tensor,
wherein the third component corresponds to the fourth
component.

5. The system of claim 1, wherein the operation of
applying the scaling factor to the decoupled components of
the fourth multi-components tensor includes:

determining a first component-based scaling factor and a

second component-based scaling factor from a first
scaling factor and a second scaling factor;

applying the first component-based scaling factor to a fifth

component of the fourth multi-components tensor,
wherein the fifth component corresponds to the first
component and the second component; and

applying the second component-based scaling factor to a

sixth component of the fourth multi-components ten-
sor, wherein the sixth component corresponds to the
third component and the fourth component.

6. The system of claim 1, wherein the first electromag-
netic antenna is a first receiver, wherein the second electro-
magnetic antenna is a second receiver, wherein the third
electromagnetic antenna is a transmitter, wherein the first
plurality of measurements and the second plurality of mea-
surements are voltage readings at the first receiver and the
second receiver, respectively, from the transmitter, and
wherein the raw measurement is a complex voltage reading
at the first receiver or at the second receiver.

7. The system of claim 1, wherein the operations further
comprise:

determining, using the decoupled third multi-components

tensor or the fourth multi-components tensor, a resis-
tivity of a subterranean formation in which the wellbore
is formed;

inverting, using the decoupled third multi-components

tensor or the fourth multi-components tensor, a geology
of the subterranean formation; and

controlling a wellbore operation using the resistivity and

the inverted geology.

8. A method comprising:

receiving a first plurality of measurements and a second

plurality of measurements, the first plurality of mea-
surements received at a first electromagnetic antenna
from a third electromagnetic antenna, the second plu-
rality of measurements received at a second electro-
magnetic antenna from the third electromagnetic
antenna, the first plurality of measurements associated
with a first set of azimuth angles of the first electro-
magnetic antenna with respect to a longitudinal axis of
a wellbore tool, the second plurality of measurements
associated with a second set of azimuth angles of the
second electromagnetic antenna with respect to the
longitudinal axis, the first electromagnetic antenna and
the second electromagnetic antenna positioned on the
wellbore tool that is positioned in air;

decoupling a first multi-components tensor and a second

multi-components tensor, the first multi-components
tensor corresponding to the first plurality of measure-
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ments, and the second multi-components tensor corre-

sponding to the second plurality of measurements;

determining, using the decoupled first multi-components
tensor and the second multi-components tensor, a scal-
ing factor;

applying the scaling factor to:

a raw measurement of the first electromagnetic antenna
or the second electromagnetic antenna to generate
and decouple a third multi-components tensor for
controlling a wellbore operation, the first electro-
magnetic antenna and the second electromagnetic
antenna positioned on the wellbore tool that is posi-
tioned in a wellbore for making the raw measure-
ment; or

decoupled components of a fourth multi-components
tensor for controlling a wellbore operation, the
fourth multi-components tensor corresponding to the
raw measurements from both the first electromag-
netic antenna and the second electromagnetic
antenna.

9. The method of claim 8, wherein the first set of azimuth
angles and the second set of azimuth angles are different,
and wherein determining the scaling factor includes deter-
mining the scaling factor based on the first set of azimuth
angles associated with the first electromagnetic antenna and
the second set of azimuth angles associated with the second
electromagnetic antenna.

10. The method of claim 8, wherein determining the
scaling factor for raw measurements includes determining
an average scaling factor by averaging a first scaling factor
and a second scaling factor, wherein applying the scaling
factor includes applying the averaged scaling factor to the
raw measurement, and wherein the method further com-
prises:

determining the first scaling factor using a first component

of the first multi-components tensor and a second

component of the second multi-components tensor,
wherein the first component corresponds to the second
component; and

determining the second scaling factor using a third com-

ponent of the first multi-components tensor and a fourth

component of the second multi-components tensor,
wherein the third component corresponds to the fourth
component.

11. The method of claim 8, wherein determining the
scaling factor includes:

determining a first scaling factor using a first component

of the first multi-components tensor and a second

component of the second multi-components tensor,
wherein the first component corresponds to the second
component; and

determining a second scaling factor using a third compo-

nent of the first multi-components tensor and a fourth

component of the second multi-components tensor,
wherein the third component corresponds to the fourth
component.

12. The method of claim 11, wherein applying the scaling
factor to the decoupled components of the fourth multi-
components tensor includes:

determining a first component-based scaling factor and a

second component-based scaling factor from a first

scaling factor and a second scaling factor;

applying the first component-based scaling factor to a fifth

component of the fourth multi-components tensor,
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wherein the fifth component corresponds to the first

component and the second component; and

applying the second component-based scaling factor to a

sixth component of the fourth multi-components ten-

sor, wherein the sixth component corresponds to the
third component and the fourth component.

13. The method of claim 8, wherein the first electromag-
netic antenna is a first receiver, wherein the second electro-
magnetic antenna is a second receiver, wherein the third
electromagnetic antenna is a transmitter, wherein the first
plurality of measurements and the second plurality of mea-
surements are voltage readings at the first receiver and the
second receiver, respectively, from the transmitter, and
wherein the raw measurement is a complex voltage reading
at the first receiver or at the second receiver.

14. The method of claim 8, further comprising:

determining, using the decoupled third multi-components

tensor or the fourth multi-components tensor, a resis-
tivity of a subterranean formation in which the wellbore
is formed;

inverting, using the decoupled third multi-components

tensor or the fourth multi-components tensor, a geology

of the subterranean formation; and

controlling a wellbore operation using the resistivity and

the inverted geology.

15. A non-transitory computer-readable medium compris-
ing instructions that are executable by a processing device
for causing the processing device to perform operations
comprising:

receiving a first plurality of measurements and a second

plurality of measurements, the first plurality of mea-
surements received at a first electromagnetic antenna
from a third electromagnetic antenna, the second plu-
rality of measurements received at a second electro-
magnetic antenna from the third electromagnetic
antenna, the first plurality of measurements associated
with a first set of azimuth angles of the first electro-
magnetic antenna with respect to a longitudinal axis of
a wellbore tool, the second plurality of measurements
associated with a second set of azimuth angles of the
second electromagnetic antenna with respect to the
longitudinal axis, the first electromagnetic antenna and
the second electromagnetic antenna positioned on the
wellbore tool that is positioned in air;

decoupling a first multi-components tensor and a second

multi-components tensor, the first multi-components

tensor corresponding to the first plurality of measure-
ments, and the second multi-components tensor corre-
sponding to the second plurality of measurements;

determining, using the decoupled first multi-components
tensor and the second multi-components tensor, a scal-
ing factor;

applying the scaling factor to:

a raw measurement of the first electromagnetic antenna
or the second electromagnetic antenna to generate
and decouple a third multi-components tensor for
controlling a wellbore operation, the first electro-
magnetic antenna and the second electromagnetic
antenna positioned on the wellbore tool that is posi-
tioned in a wellbore for making the raw measure-
ment; or

decoupled components of a fourth multi-components
tensor for controlling a wellbore operation, the
fourth multi-components tensor corresponding to the
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raw measurements from both the first electromag-
netic antenna and the second electromagnetic
antenna.

16. The non-transitory computer-readable medium of
claim 15, wherein the first set of azimuth angles and the
second set of azimuth angles are different, and wherein the
operation of determining the scaling factor includes deter-
mining the scaling factor based on the first set of azimuth
angles associated with the first electromagnetic antenna and
the second set of azimuth angles associated with the second
electromagnetic antenna.

17. The non-transitory computer-readable medium of
claim 15, wherein the operation of determining the scaling
factor for raw measurements includes determining an aver-
age scaling factor by averaging a first scaling factor and a
second scaling factor; wherein the operation of applying the
scaling factor includes applying the averaged scaling factor
to the raw measurement, and wherein the operations further
comprise:

determining the first scaling factor using a first component

of the first multi-components tensor and a second
component of the second multi-components tensor,
wherein the first component corresponds to the second
component; and

determining the second scaling factor using a third com-

ponent of the first multi-components tensor and a fourth
component of the second multi-components tensor,
wherein the third component corresponds to the fourth
component.

18. The non-transitory computer-readable medium of
claim 15, wherein the operation of determining the scaling
factor includes:

determining a first scaling factor using a first component

of the first multi-components tensor and a second
component of the second multi-components tensor,
wherein the first component corresponds to the second
component; and

determining a second scaling factor using a third compo-

nent of the first multi-components tensor and a fourth
component of the second multi-components tensor,
wherein the third component corresponds to the fourth
component; and
wherein the operation of applying the scaling factor to the
decoupled components of the fourth multi-components ten-
sor includes:
determining a first component-based scaling factor and a
second component-based scaling factor from a first
scaling factor and a second scaling factor;

applying the first component-based scaling factor to a fifth

component of the fourth multi-components tensor,
wherein the fifth component corresponds to the first
component and the second component; and

applying the second component-based scaling factor to a

sixth component of the fourth multi-components ten-
sor, wherein the sixth component corresponds to the
third component and the fourth component.

19. The non-transitory computer-readable medium of
claim 15, wherein the first electromagnetic antenna is a first
receiver, wherein the second electromagnetic antenna is a
second receiver, wherein the third electromagnetic antenna
is a transmitter, wherein the first plurality of measurements
and the second plurality of measurements are voltage read-
ings at the first receiver and the second receiver, respec-
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tively, from the transmitter, and wherein the raw measure-
ment is a complex voltage reading at the first receiver or at
the second receiver.
20. The non-transitory computer-readable medium of
claim 15, wherein the operations further comprise:
determining, using the decoupled third multi-components
tensor or the fourth multi-components tensor, a resis-
tivity of a subterranean formation in which the wellbore
is formed;
inverting, using the decoupled third multi-components
tensor or the fourth multi-components tensor, a geology
of the subterranean formation; and
controlling a wellbore operation using the resistivity and
the inverted geology.
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