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ABSTRACT Drilling cores, the most direct and accurate first-hand data reflecting the subsurface geological
information, are of unclear orientation for most boreholes. The image feature comparison method is one of
the most widely used methods for core orientation. However, this method is mainly conducted by manual
comparison, which is labor-intensive, time-consuming and inaccurate. In this paper, we propose an automatic
core orientation method by comparing the planar geologic features (one of the most common features) in
drill-core scans and microresistivity images. This method first automatically detects planar geologic features
by combing the vertical gradient-based Otsu threshold segmentation, Hough transform and optimal sinusoid
extraction and then determines correction difference of the core orientation by comparing the dip azimuths
of the optimal sinusoids from the two types of images. This method is successfully applied to actual data.
The automatic core orientation results are compared with the manual core orientation results. The results
show that this method can eliminate human errors and has higher accuracy, especially for core scan images
with non-distinct features. The proposed method has wide application potential in the fields of hydrocarbon
exploration and development, scientific drilling research, and basic geological surveys.

INDEX TERMS Bedding surfaces, borehole images, core orientation, core scan images, Hough transform.

I. INTRODUCTION
The drilling core is the most direct and accurate first-hand
data reflecting the subsurface geological information and
plays an important role in hydrocarbon exploration and devel-
opment, scientific drilling research, and basic geological sur-
veys [1], [2], [3], [4]. The spatial orientation of the core
is the key information and is the premise to determine the
attitude of strata, fracture orientation, paleocurrent direction,
in-situ stress direction, etc. [5], [6], [7], [8]. The direct orien-
tation techniques of cores during drilling are expensive, time-
consuming and sometimes inaccurate, so they have not been
widely used [9], [10]. The drilling cores of most boreholes are
of unclear orientation, which seriously affects the subsequent
use and research of core data. Therefore, it is necessary to
develop core orientation technology after drilling.
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The core orientation technology after drilling mainly
includes two categories: paleomagnetic method and image
feature comparison method. Although the paleomagnetic
method has become more mature, there are still many
defects, such as weak magnetism of cores, change of mag-
netization direction, sample contamination and other fac-
tors, both limit use and restrict confidence in orientation
results [11], [12], [13]. The image feature comparisonmethod
orients the core mainly by comparing the geologic features of
the core with those of the borehole wall [9], [10], [14], [15],
[16], [17]. The planar geologic feature in core and borehole
wall images is the best reference for the core orientation
due to the following advantages: 1) These features gener-
ally correspond to bedding surfaces and fractures which are
widely distributed in formations; 2) These features are stable
at the drilling scale and appear on two types of images in
similar patterns; 3) These features in core and borehole wall
images generally appear as sinusoids, whose phase angles
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are the vital parameters to determine their spatial azimuths.
At present, the oriented borehole wall images can be obtained
by microresistivity imaging logging, ultrasonic imaging log-
ging and borehole optical televiewing. Among thesemethods,
microresistivity imaging logs have the advantages of high
resolution and strong continuity, reflect the information of
geologic features such as bedding surfaces and fractures, and
thereby are widely used in core orientation [18], [19], [20].
Based on image feature comparison method, Zou et al. [21]
developed an interactive program (CCSDLogCore) to deter-
mine the orientation of cores by human-computer interaction,
but did not realize automatic core orientation. At present,
the feature comparison between core and microresistivity
images mainly relies on manual observation, which is not
only labor-intensive and time-consuming, but there may also
be human errors. Therefore, it is urgent to develop an auto-
matic core orientation method by correlating planar geologic
features in unoriented core images to those in microresistivity
images.

The automatic detection and characterization of planar
geologic features in core and borehole images are bases
of automatic core orientation by comparing planar geologic
features. Previous studies suggested that simple threshold
segmentation methods are effective only in images with
obvious differences between planar geologic features and
background, such as the fracture segmentation in ultrasonic
and borehole optical images (fractures tend to appear as
dark sinusoidal curves) [22], [23], [24]. To accurately seg-
ment fractures from ultrasonic images with much back-
ground noise, previous researchers introduced methods such
as mathematical morphology [25] and ant colony algorithm
[26], [27], which greatly improved the effects of fracture
segmentation. Unlike ultrasonic images mainly recording
information about fractures and borehole breakouts, microre-
sistivity images record abundant geologic features, and are
more difficult to process [28], [29]. Assous et al. [30] uti-
lized the phase consistency-based method for edge detection
to realize the automatic extraction of planar geologic fea-
tures from the microresistivity images. However, this method
requires the pre-inpainting of gaps in the microresistivity
images. For core and borehole images with abundant geo-
logic features, some researchers employed machine learning
methods to achieve relatively high detection precisions for
fractures and unconformities [31], [32], [33], [34], [35].

After the image segmentation, it is necessary to extract
the attitude information of the planar geologic features. Pre-
vious studies demonstrated that Hough transform is more
robust in determining the dip angle and dip azimuth of
fractures in borehole images than least squares fitting [36],
[37], [38], [39], [40], [41]. However, the sinusoid detection
using 3D Hough transform is computationally expensive.
Zou and Shi [42] proposed a modified Hough transform
using a 1D and a 2D transforms instead of a 3D transform,
greatly improving the extraction efficiency of attitude infor-
mation of planar geologic features from borehole images.
Although the detection efficiency is high, themodifiedHough
transform has a low detection precision for incomplete frac-
tures. To accurately identify non-distinct, partial, distorted

and steep fractures and layers, Waleed et al., [43] combined
Gabor filter-based multi-resolution texture segmentation and
pattern recognition techniques with iterative adaptation of
Hough transforms. Wang et al. [44], [45] proposed an auto-
matic recognition method of planar geologic features in bore-
hole optical images based on iterative matching. However,
previous studies mainly focused on the automatic extraction
of fractures from borehole or core images. At present, the
research on image processing technology for core orientation
is still lacking.

Traditional interpretation of borehole and core images
requires precise extraction of every single geologic feature
in images, so it pays more attention to the differences of
local geologic features. For this purpose, previous methods
were developed for a certain type of image and focused on
increasing the accuracy of feature detection and extracting
the complex features (such as discontinuous and distorted
fractures). Core orientation requires the comparison of signif-
icant macroscopic geologic features in the core and borehole
images. Therefore, the automatic core orientation method
focuses on detecting and extracting the macroscopic geologic
features that appear on two types of images in similar pat-
terns. In this paper, we propose an automatic core orientation
method based on the macroscopic planar geologic features in
the drill-core scans and microresistivity images.

II. DRILL-CORE SCANS AND MICRORESISTIVITY IMAGES
The core outer surface is scanned circumferentially by using
a core scan equipment to obtain the rolled core scan image.
The planar geologic features will be represented in the image
by pixel color change. In addition to planar geologic features,
there are human markers in the core image. After the core
is taken out from the borehole, two longitudinal lines, red
and black, will be drawn on its surface. These hand-drawn
lines are azimuth reference lines. Generally, the red and black
lines are respectively on the left and right, as the references
for judging the top and bottom of the core. The purpose of
core orientation technology after drilling is to determine the
reliable azimuth of azimuth reference lines.

Microresistivity imaging logging tools obtain multiple
apparent resistivity curves of the borehole wall in different
directions by using the button electrodes on pads pressed
against the borehole wall. Resistivity is one physical property
of rocks. Microresistivity generally represents the resistiv-
ity of the flushed zone recorded by a microresistivity log-
ging tool. Although various types of microresistivity imaging
logging tools have been developed, they obtain microresis-
tivity images using similar principles [46]. During logging,
an applied voltage allows an alternating current to flow into
the formation from each button electrode and to be received
at the upper part of the tool. At the same time, the instru-
ment records the current and applied voltage of the button
electrode that reflect the change of borehole wall resistiv-
ity. The raw data acquired by microresistivity logging tools
can be converted into microresistivity images after a series
of pre-processing. The pre-processing mainly includes speed
correction, eccentering correction, normalization, etc. Here,
we take the X-tended RangeMicro Imager (XRMI) tool as an
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FIGURE 1. (a) X-tended Range Micro Imager tool; (b) Schematic diagram of data acquired by X-tended Range Micro Imager tool.

example to carry out our research. With 150 button electrodes
on 6 pads, the XRMI tool simultaneously obtains 150 appar-
ent resistivity curves (Fig. 1a). By converting the apparent
resistivity into colors in normalization, a borehole wall image
is formed. Conventionally, light and dark colors represent
high and low values of apparent resistivity, respectively. Since
the resistivity of formation is largely affected by its lithology
and physical properties, beddings and fractures can be easily
observed in microresistivity images. Since this tool includes
a navigation package that provides accurate information on
tool position and orientation within the borehole, it is pos-
sible to determine the dip angle and dip azimuth of planar
geologic features in the image. However, due to the fixed
pad area of the microresistivity imaging logging tool, there
is a full circumferential coverage for the borehole wall of
small-diameter wells. When the diameter of the borehole is
large, there are uncovered areas between the pads appearing
as longitudinal gaps in the image (Fig. 1b). Generally, for the
XRMI tool, the larger the diameter of the borehole, the wider
the gap is.

Due to the different image acquisition methods and tar-
gets, the microresistivity image is the mirror image of the
core scan image. If the cylindrical microresistivity image is
unwrapped in the true north direction, the resulting image has
an orientation of ‘‘N-E-S-W-N’’ from left to right. If the cylin-
drical core scan image is unwrapped in the true north direc-
tion, the resulting image has an orientation of ‘‘N-W-S-E-N’’
from left to right. The planar geologic features appear as
sinusoidal curves both in microresistivity images and core
scan images (Fig. 2). Regardless of the difference in core
and borehole sizes, the same bedding surface or fracture
show a mirror image relationship in these two types of
images.

III. METHOD
We propose a novel method to automatically orient the core
by comparing the planar geologic features in the core scan
image with those in the microresistivity image. This method
mainly includes four steps: image segmentation, sinusoid
detection, optimal sinusoid extraction and core orientation.

A. IMAGE SEGMENTATION
The objective of image segmentation is to separate the target
region from the background. Most planar geologic features
intersect the borehole obliquely. As a result, drill-core scans
and microresistivity images vary significantly in the longi-
tudinal direction. Although the edge detection algorithm can
extract the layer boundaries, the result is affected by the gaps
in microresistivity images and the vertical contaminants in
core scan images. The threshold segmentation method can
separate the light and dark areas in the image, but cannot
extract the boundary of thick layers. To accurately segment
planar geologic features from images, we employ a verti-
cal gradient-based Otsu threshold segmentation method [47].
This method first calculates the vertical gradient of the image
and then utilizes the Otsu threshold segmentation method
to automatically segment the vertical gradient image. As a
result, the binary image about the edge is obtained. Since
the gaps in the microresistivity image are longitudinal, this
method is free from the influence of the gaps. Therefore, there
is no need for gap inpainting of the microresistivity image
here.

There are abundant noise and non-distinct features in some
core scan images. To improve the segmentation effect of these
images, we first enhance contrast using histogram equaliza-
tion and then conduct median filtering. Since the red and
black lines, longitudinally penetrating the outer surface of
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FIGURE 2. Drill-core scans and microresistivity images. (a) Unwrapped microresistivity image; (b) Wrapped microresistivity and core
scan images; (c) Unwrapped core scan image; (d) Mirrored core scan image.

the core, were drawn before the core is scanned. These
two important reference lines appear as longitudinal lines
in the core scan image. Therefore, we utilize the horizontal
gradient-based Otsu threshold segmentation method to obtain
the binary image about the edge of reference lines. Hough
transform is used to detect these reference lines [48].

B. SINUSOID DETECTION
We use the modified Hough transform to detect the sinusoidal
curves in the microresistivity and core scan images. First, use
odd symmetry to search for the baseline. Two points with
a horizontal distance of a half period are used to obtain the
1D accumulator of the baseline position. Then, use a 2D
accumulator to determine the amplitude and phase angle of
the sinusoidal curve based on the baseline position.

In the microresistivity and core scan images, the planar
geologic feature appears as a single-period sinusoidal curve.
The sinusoidal curve can be expressed as:

y = A sin(ωx − ϕ)+ y0 (1)

where, A is the sinusoid amplitude, ϕ is the phase angle, y0 is
the baseline position and ω is the angular frequency.

ω =
2π
T

(2)

The planar geologic features in microresistivity and core
scan images are all one single-period sinusoids. The period
T is known (that is, the number of horizontal points in the
image). Therefore, there are three unknown parameters in the
sinusoidal equation.

Assuming that the coordinates of two points P1 and P2 on
the sinusoidal curve (S) are (x1,y1) and (x2,y2), respectively.
The horizontal interval between points P1 and P2 is half a
period. Point C is the intersection of the line between points
P1 and P2 and the baseline, and the coordinate of C is (xc,yc)
(Fig. 3).

According to the odd symmetry of the sinusoid, the rela-
tionships between the coordinates of points P1 and P2 are as
follows:

x2 = x1 +
T
2

(3)

FIGURE 3. A single-period sinusoidal curve in mirrored drill-core scans
and microresistivity images.

yc =
y1 + y2

2
(4)

According to (3) and (4), the baseline position can be
obtained by using a 1D accumulator to accumulate the votes:
1) Divide the original image into two equal parts. The left
part I1 and the right part I2 share the same width which is
half the width of the original image (Fig. 3); 2) Visit a point
P (xp,yp) in I1, find all points P’ which have horizontal coor-
dinates of xp+T/2 and vertical coordinate range of yp-A’ to
yp+A’ (A’ need to be greater than A) in I2; 3) Calculate the
vertical coordinate yc of the midpoint of points P and P’, and
cast a vote at yc in the 1D accumulation space; 4) Repeat the
steps 2 and 3, when all the points in I1 have been visited,
the calculation ends; 5) Find the local maximum values of the
accumulator space by a given threshold, and each maximum
corresponds to one baseline position.

After determining the baseline position of the sinusoid,
extract the amplitude A and phase angle ϕ ∈ [0, 2π] by
using transform: 1) Create a 2D accumulator space accord-
ing to the value ranges of amplitude A and phase angle ϕ;
2) Visit a baseline position, make phase angle ϕ change from
0 to T (for a single-period sinusoid, T = 2π ), calculate the
corresponding amplitude A using (5), and cast votes in the
2D accumulator space according to the values of each pair
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FIGURE 4. 3D coordinate system.

of amplitude and phase angle; 3) Repeat step 2, when all
the baseline positions have been visited, the calculation ends;
4) Find the local maximum values of the accumulator space
by a given threshold, and each maximum corresponds to one
pair of amplitude and phase angle.

A =
y− y0

sin(ωx − ϕ)
(5)

C. OPTIMAL SINUSOID EXTRACTION
Using the above methods, the accumulators for y0, A and ϕ
are constructed. However, there are generally multiple local
maxima in the accumulator spaces, which is mainly caused
by: 1) There may be multiple planar geologic features of
different attitudes (including dip angle and dip azimuth) in
the image; 2) The points belonging to different planar geo-
logic features may be wrongly combined to a false sinusoid,
causing false peaks in the accumulator space. To extract the
information of the optimal attitude, we employ a least vari-
ance method. It is assumed that a series of planar geologic
features parallel to each other are recorded in the image. In 3D
space, they are a series of parallel slices (Fig. 4). Given a set
of y0, A and ϕ, calculate the variance sum of each slice:

V =
1∑
ij mij

∑
mij=1

(
fij − f

(
vij
))2

(6)

where f
(
vij
)
is the average value on each slice; fij is the

value of each point on the slice; mij is the number of points.
To judge whether the points in the image are from the same
slice, we utilize the method of Mirkes [49]. This method
can quickly search for the points from the same slice in a
Cartesian coordinate system. In this system, the origin O is
at the center of the upper surface of a cylinder and z-axis is
the vertical axis. Each slice in 3D space is described by two
parameters φ ∈ [0, π /2] and ψ ∈ [0, 2π ]. φ is the angle that
the normal vector n of slices makes with the vertical axis and
is equal to apparent dip angle. ψ is the angle between the
projection of the normal onto the base of the cylinder and true
north and the angle difference between it and apparent dip

azimuth is 180◦ (Fig. 4). For a vertical borehole, the apparent
dip angle and apparent dip azimuth are respectively equal
to the true dip angle and true dip azimuth of the slice. The
borehole deviation correction is not involved in this study.
Therefore, dip angle and dip azimuth are used in the following
discussion. Therefore, φ and ψ of the slice have the follow-
ing relationships with phase angle ϕ and amplitude A of the
planar geologic feature in microresistivity image.

ψ =


ϕ +

π

2
, ϕ ≤

3π
2

ϕ −
3π
2
, ϕ >

3π
2

(7)

φ = tan−1
(
2A
d

)
(8)

where d is the diameter of the borehole or core. In the
3D coordinate system, the normal vector n of the slice is
expressed as:

xn = sinφ sinψ, yn = sinφ cosψ, zn = cosφ (9)

In 3D space, the coordinate of each point in the image can
be calculated by the following equations:

xij = R sin
2π j
N
, yij = R cos 2π j

N , zij = h (i− 1) (10)

where h is the thickness of each slice, a constant equal to the
spacing between two adjacent slices. For the same type of
image data, h is the vertical sampling interval of the image.
Therefore, for the vectors rij from the origin O to the points
in the same slice, the projection lengths of the vectors on the
normal of the slice are equal. For each slice, the dot product
of its normal vector n and vector rij is constant.

pij = n · rij = R sinφ cos
(
ψ −

2π j
N

)
+ h (i− 1) cosφ

(11)

Divide (11) by h, we get

vij =
R
h
sinφ cos

(
ψ −

2π j
N

)
+ (i− 1) cosφ (12)

The slice number can be obtained by rounding νij to the
nearest integer. All points belonging to the same slice share
the same number. In the actual calculation, we obtainmultiple
groups of candidate sinusoids by giving a low threshold in
the accumulator space. Then we extract the optimal sinusoid
from these candidate sinusoids by utilizing the abovemethod.
Typically, the optimal sinusoid has the minimum V and its
phase angle represents the optimal dip azimuth of planar geo-
logic features in this microresistivity (or core scan) image.
The optimal dip azimuth can be used for the next step-core
orientation. In addition, according to the information about
optimal sinusoid, we can quickly search the points belonging
to the same slice, calculate the average value of each slice and
then reconstruct full-coverage image without gaps (Fig. 5).
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FIGURE 5. (a) Microresistivity image; (b) Segmentation results of microresistivity image; (c) 1D accumulator space for baseline position; (d) 2D
accumulator space for amplitude and phase angle; (e) Automatic extraction results of sinusoid based on Hough transform; (f) Optimal sinusoid
extraction.

D. CORE ORIENTATION
In the actual processing, considering the mirror image rela-
tionship between the core scan image and microresistivity
image, the core scan image should be mirrored first, and then
use the above method to obtain the optimal dip azimuths from
the two types of images. The optimal dip azimuths obtained
from the microresistivity image and the core scan image
are named logging dip azimuth (ϕlog) and core dip azimuth
(ϕcore), separately. Take the logging dip azimuth as the true
dip azimuth and calculate the dip azimuth difference (ϕcorrect )
between logging and core dip azimuths.

ϕcorrect = ϕlog − ϕcore (13)

where ϕcorrect is the correction difference of the core dip
azimuth.When ϕcorrect is positive, the core scan image should
be turned to the right. When ϕcorrect is negative, the core scan
image should be turned to the left. The true dip azimuths
of the red and black lines can be determined according to
ϕcorrect .

ϕline =



2π j
N
+ ϕcorrect + 2π,

2π j
N
+ ϕcorrect < 0

2π j
N
+ ϕcorrect − 2π,

2π j
N
+ ϕcorrect > 2π

2π j
N
+ ϕcorrect , 2π >

2π j
N
+ ϕcorrect > 0

(14)

where N is the number of horizontal points in the core scan
image; j is the jth point horizontally where the red or black
line is located.

IV. RESULTS AND DISCUSSION
We present examples to objectively evaluate the performance
of our method. The proposed method is first applied to the
drilling core at depths of X263.7-X268.5 m of Xwell (Fig. 6).
This interval is dominated by clastic rocks. With the increas-
ing clay content, the rock color turns darker and the resistivity

decreases, causing darker colors in both the core scan and
microresistivity images. The decrease of clay content corre-
sponds to lighter colors in these two types of images. From
top to bottom, there are multiple changes of lithology in this
interval according to these two types of images. Macroscop-
ically, several light-colored layers appear in the upper part
of core B, the lower part of core C, the whole part of core
D and the upper part of core F. All these light-colored layers
have high values of resistivity, indicating the low clay content.
Since the layers intersect the borehole obliquely, the layer
boundaries appear as sinusoidal curves, which provides basic
conditions for core orientation.

According to the microresistivity image, the optimal dip
angle and dip azimuth of layers at depths of X263-X269
m barely change from top to bottom (Fig. 6a). Therefore,
the proposed method is directly applied to the continuous
microresistivity image of the whole interval for extraction of
the optimal dip angle and dip azimuth of the layer bound-
aries. Theoretically, the dip angle and dip azimuth of layers
in core scan image are consistent with those in microre-
sistivity image. However, each drilling core being scanned
has a length less than 1 m, resulting in discontinuity of
the core scan image (Fig. 6h). Moreover, the orientation
of the core scan image is unclear. Therefore, the proposed
method is applied to each core scan image (core A-G),
separately.

The results show that for the microresistivity and core scan
images, whether there are obvious planar geologic features in
them, the proposed method can accurately extract the optimal
dip angle and dip azimuth from them (Fig. 6c, e). In addition,
sometimes the drilling core is partially contaminated, result-
ing in some local planar geologic features being obscured
partially or wholly in the core scan image. However, this
phenomenon barely affects the extraction of the optimal sinu-
soid from the core scan image using the proposed method,
which fully demonstrates that our method is robust. By com-
paring the microresistivity image and the core scan image,
this method automatically calculates the correction difference
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FIGURE 6. Automatic core orientation at depths of X263.0-X269.0 m of X well. (a) The microresistivity image; (b) The result of microresistivity image
segmentation; (c) The reconstruction of the optimal sinusoid from the microresistivity image; (d) The core scan image after orientation; (e) The
reconstruction of the optimal sinusoid from the core scan images; (f) The results of core scan image segmentation (the blue lines are the identified
azimuth reference lines; the red lines are the extracted optimal sinusoid); (g) The core scan images after mirroring; (h) The original core scan images.

of the core orientation, thereby realizing the automatic orien-
tation of the core (Fig. 6d).

The second example are shown in Fig. 7where sedimentary
beddings are well developed in the drilling core with a length
of 2 m. There are dense dark bands alternate with light ones,
which is the typical characteristic of sedimentary rocks. There
is little difference in the dip angle among these beddings,
so is in the dip azimuth (Fig. 7a). Therefore, we use the
proposed method to process the continuous microresistivity
image of the whole interval (Fig. 7b, c). The 2-meter-long
core scan image, composed of the scan images of core H-J, is

discontinuous (Fig. 7h). Therefore, each core scan image
(core H-J) is processed separately.

The results show that the optimal sinusoid extracted by
our method basically reflects the distribution of the beddings.
There are no obvious characteristics of sinusoidal curves in
some intervals, such as the upper part of core H and the
lower part of core I. However, this barely affects the core
orientation. Because the small number of beddings with sinu-
soidal characteristics in the intervals have greater impact on
the extraction of optimal sinusoid and dominate the extrac-
tion results. In some intervals, there are sinusoidal curves
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FIGURE 7. Automatic core orientation at depths of X001.0-X003.5 m of X well. (a) The microresistivity image; (b) The result of microresistivity image
segmentation; (c) The reconstruction of the optimal sinusoid from the microresistivity image; (d) The core scan image after orientation; (e) The
reconstruction of the optimal sinusoid from the core scan images; (f) The results of core scan image segmentation (the blue lines are the identified
azimuth reference lines; the red lines are the extracted optimal sinusoid); (g) The core scan images after mirroring; (h) The original core scan images.

with different phase angle or amplitude. For example, in the
upper part of core J, there is a sinusoidal curve the phase
angle difference between which and other sinusoidal curves
in this interval is 90◦. Although this sinusoidal curve can be
detected by the modified Hough transform, it is suppressed
during extracting the optimal sinusoid, which indicates the
robustness of our method.

The drilling cores in the above two examples have ever
been manually orientated by the predecessors. These results
obtained by the manual analysis method are compared with
the automatic core orientation results obtained by using our
method (Table 1). Since the dip azimuth range of the drilling
core is 0-360◦, the correction difference of 90◦ is equivalent
to that of −270◦. When comparing the correction difference
from the manual analysis method and our method, turn all the
correction differences into positive values, and calculate the
relative error between the correction differences from the two
methods.

Comparing the core orientation results of the manual anal-
ysis method and our method, it can be found that although
the manual analysis method can determine the approximate
orientation of the drilling core, there are errors in calcu-
lating the correction difference of dip azimuth. The errors
are related to the planar geologic features in the core scan
image. For the core scan images with obvious planar geologic
features, the absolute errors between the correction differ-
ences from the two methods are generally less than 20◦, and
most relative error are less than 10%. The manual analysis

TABLE 1. Comparison of the orientation results obtained by using our
method and the manual analysis method.

method depends on the judgement of the naked eye, and these
errors are unavoidable. For the core scan images without
obvious planar geologic features, these errors become very
large. For some drilling cores, the relative errors between the
correction differences from the two methods exceed 40%,
and the absolute error exceeds 100◦. Such large errors indi-
cate that the core orientation result of the manual analysis
method is almost wrong. This may be related to the following:
1) In the image, there are no planar geologic features obvi-
ous enough for the naked eye to recognize; 2) Different fea-
tures are wrongly considered as the same one. The method
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proposed in this paper can obtain the optimal sinusoid from
the microresistivity and core scan images, which provides a
powerful tool to avoid the above errors. This indicates that
the accuracy of core orientation can be improved by using
our method.

The workload of core orientation is enormous, especially
for scientific drilling boreholes. For example, the main bore-
hole of the Chinese Continental Scientific Drilling Project of
the Cretaceous Songliao Basin (CCSD-SK) obtained abun-
dant cores with a total length of 4135 m without using
the direct orientation techniques of cores during drilling.
Whether the core orientation is accurate will greatly affect the
accuracy of scientific research results. The planar geologic
feature which appears as a single-period sinusoidal curve,
is the most common form of features in the microresistivity
and core scan images. Therefore, the development of core
orientation technology after drilling based on such sinusoidal
features is of great significance. The core orientation tech-
nology will have broad applications, not only in the fields
of hydrocarbon exploration and engineering application, but
also in the field of scientific drilling. In addition, the optimal
sinusoid extraction based on the modified Hough transform
in our method can be applied to the gap inpainting and visu-
alization of the microresistivity image.

V. CONCLUSION
Based on the comparison of the planar geologic features in
drill-core scans and microresistivity images, we propose a
new method for automatic core orientation. The feasibility of
this method is verified by the application in actual data. The
following conclusions are drawn:

1) This method can extract the optimal sinusoid and its
dip angle and dip azimuth from the microresistivity and core
scan images, with strong robustness and noise-suppressing
capability. By comparing the dip azimuths of the optimal
sinusoid from the two types of images, the core is orientated
automatically. Considering the macroscopic planar geologic
features in the image instead of the local ones, the core ori-
entation results are of high accuracy.

2) From the comparison of the core orientation results
obtained by using our method and the manual analysis
method, there are errors in calculating the correction differ-
ence of core orientation for the latter method. The manual
analysis method has bad ability to determine the orientation
of the drilling core for the core scan images without obvi-
ous planar geologic features. Our method not only realizes
the automatic core orientation, but also largely eliminate the
error of manual orientation. Moreover, the accuracy of the
core orientation using our method is improved for core scan
images with non-distinct planar geologic features.

3) The proposed method is applicable to the core ori-
entation of core scan images with planar geologic fea-
tures. At present, microresistivity imaging logging and core
scanning have been widely applied. Since bedding surfaces
and fractures are widely distributed in formations, the pla-
nar geologic features are very common in these two types
of images. Therefore, our method has wide application
potential.
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