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ABSTRACT: Bedding orientation measurement is a remote sensing application used in the field of
geology, but the results are often unsatisfactory when the bed is dislocated along the strike direction.
This paper proposes a new method called Multiple-line Method that is designed to improve bedding
orientation measurement. This technique uses the bed as a vector, and fits the vectors as a plane to
obtain the bedding orientation. This study employs the case of Yili Basin and measures 25 bedding
orientations using the Multiple-point and Multiple-line methods, respectively. The result shows that
the errors from the Multiple-line Method are mostly smaller than those from the Multiple-point
Method when a bed is discontinuous.
KEY WORDS: bedding orientation, Multiple-Line Method, remote sensing, Yili Basin.
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INTRODUCTION
The application of remote sensing data can drastically increase the efficiency of field reconnaissance, especially in the
areas that are difficult to access (Abellán et al., 2006). This developing technology provides large-scale, high-precision, multisensor, multi-spectral and multi-temporal images of the Earth’s
surface, and increases the efficiency of geological information
extraction, such as alteration information extraction, bedding
orientation measurement, etc..
In the 1960s, the theory of using aerial photo to measure the
attitude began to appear and apply, but due to the limitation of
the resolution of the remote sensing image and the ability of
processing, it didn’t popularize (Tator et al., 1960). In the 1990
s, scholars began to try to take advantage of aerial stereo image
pair to determine strata occurrence, this kind of method can
achieve higher precision, but the costs were too high and processing cycle were very long, so it was not suitable for calculation of a large batch of occurrence (e.g., Chen et al., 1991; Berger
et al., 1992). Entering the 21st century, scholars put forward
some methods to acquire the occurrence of shallow stratum
based on CORONA images, P5 image pair and GeoEye-1, and
also some methods to measure the attitude of rock based on
3DGIS (Liu et al., 2000). Berger et al. (1992) tried to understand
the feasibility of utilizing the SPOT stereo pair to extract the
occurrence of geological planar structure. Chen et al. (1991)
achieved the goal of extracting the attitude of rock on the microcomputer automatically by using the linear projection
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platform to get the quantitative attitude of rock, through the diagram method. Pu et al. (2012) made use of the Google Earth
function of artificial point pick, background count and foreground display. Nowadays, the methods to distinguish the attitude of rock have already changed from visual estimation to automatic or semi-automatic extraction.
The multiple-point method has been widely used to measure
bedding orientations based on remote sensing images such as the
panchromatic and stereo ones acquired by the SPOT and CORONA satellites (Chen et al., 1991; Berger et al., 1992; Bilotti et
al., 2000). This method uses selected points to fit a virtual plane,
and then calculates the bedding orientation (Berger et al., 1992).
However, the fitting accuracy may need to be improved when
the bed is dislocated (Fernandez et al., 2009; Dhont et al., 2005;
Reif et al., 2011; Pu et al., 2012).
With the recent development of aerospace engineering, satellites have provided a large quantity of images of relatively high
resolution that display the outlines of rock outcrops more clearly,
which allows more accurate measurements of the earth’s surface.
In order to utilize the high spatial resolution images to improve the
fitting accuracy for discontinuous outcrops, we proposed a new
method based on the theory of planar fitting. A certain plane can
be fitted by a number of points or lines. Using points leads to the
Multiple-point method (Berger et al., 1992), while using lines
leads to the method described in this paper. This paper expresses a
line as a vector, and fits the vectors to a plane after moving the
origins of them to a common point. We therefore named the
method Multiple-line method. Using this method, the adjacent
beddings are assumed to parallel to each other in a small range,
and the vectors from different beddings can be treated as the same
source; in this way, the Multiple-line Method can reduce the errors
involved with using the Multiple-point Method.
This paper takes the Yili Basin, Xinjiang Province, to exemplify the applications of the multiple-line and the multiple-point
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method. The results are compared with field data and then discussed to clarify the applicability of the two methods.
1

METHODOLOGY
Figure 1 illustrates the principles used in the Multiple-line
Method. Plane a represents the ground surface and planes b, c, d
stand for the strata, while lines A–B and C–D are the traces which
are the intersections between planes b and d with plane a, and
two lines are not parallel in space. Because line A–B is recorded
as a vector, it can move to line A’–B’, and the same is true for
lines C–D and C’–D’. By combining the vectors A’–B’ and C’–
D’, we can fit the best plane as plane c, and plane c is parallel to
planes b and d.

Figure 1. Model of the Multiple-line Method. Plane a is the ground surface,
planes b and d represent the strata, which intersect the plane a at lines A–B
and C–D. We can fit a plane by moving lines A–B and C–D to A’–B’ and C’–
D’, respectively, and the fitted plane, plane c as shown in the figure, is parallel

to planes b and d, so the bedding orientation can be determined.

We classified the situation related to discontinuous traces
into three types: flat field, mountain ridge, and mountain slope
(Fig. 2). In the model, plane a represents the ground, and planes
b and c are the surfaces of strata, which are assumed to be parallel; plane a is cut by a solid trace. We can fit the best planes (i.e.,
planes b and c) by the Multiple-line Method, but if we mistakenly believe that points A, B and C come from the same plane,
and fit the plane with the points using the Multiple-point Method,
incorrect points will be selected from different strata leading to
an incorrectly fitted plane, represented by plane d (Fig. 2). In the
flat field model, the plane fitted by the Multiple-point Method is
subhorizontal, with an uncertain dip direction. For the mountain
ridge model, the dip of plane d is nearly correct while the dip
direction expresses an obvious error. Mountain slopes are relative rare in the real world, and the traces of outcrops are shown
as curved lines, which make plane fitting difficult for both of the
methodsThe Multiple-point Method depends on fitting the plane
using the least sum of squares of the distance from every point
to the plane, and then calculates the orientation of the plane.
Based on data from the Multiple-lines Method, we express a line
in the form of a vector, and recorded it as (xi, yi, zi). Therefore,
we can calculate the fitted plane by the vectors, which is expressed as Ax + By + Cz + D = 0. Many methods can be used to
calculate the bedding orientation of the plane, including planar
regression, analysis of moment of inertia, and vector calculus(Fernández 2005; Jones et al.,2009); some improvements are
available for each of these methods (Zhou et al., 2011).

Figure 2. Models used in the application of the Multiple-line and Multiple-point methods.In both models, plane a represents the ground; planes b and c represent the strata. The models included (a) a flat field, (b) a mountain ridge and (c) a mountain slope.

In this paper, we used the Least Sum of Squares Method to
calculate the best plane. For n lines, we can express them as n
vectors. We suppose the vectors ray from the origin, so D in the
expression of fitted plane is 0, and the sum of squares of distances from the head of vectors to the fitted plane can be described as:
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when S(x,y,z) reach its minimum, we can get the best fitted
plane. After taking the partial derivatives of the three variables,
Eqs. 1 can be changed into:
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After solving the equations set, we can calculate the normal
vector of plane (A, B, C), and determine the bedding orientation
in the next step.
The bedding orientation can be described by two parameters:
dip and strike. The strike is the direction (azimuth) of a geological surface, measured clockwise from the true north and ranging
between 0°to 359°. Dip is the angle (inclination) of a geological
surface measured from a horizontal plane (perpendicular to the
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strike direction) (Dadon et al., 2011). A former study provided
the equations needed to calculate the dip (θ) and strike (φ) (Bilotti et al., 2000; Liu et al., 2011; Chen et al., 2007). In another
paper, bedding orientation was recorded as dip (θ) and dip direction (ω). Dip direction was the direction of the horizontal trace
of the line of dip, measured clockwise from the true north and
also ranging between 0°to 359°(Grenon and Laflamme, 2011).
For instance, a plane with strike 80°NE and dip 60°NW, could
be also described as dip direction 10°NW and dip 60°(Koike et
al.,2011). The three parameters, dip (θ), strike (φ) and dip direction (ω) can be calculated under certain conditions using Eqs. 3,
4, and 5. This paper uses dip and dip direction to define a plane.
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Based on the theory of the Multiple-line Method, we determined the bedding orientation by the following steps.
(1) Create a three dimensional view. Drag the remote sensing
image onto the digital elevation model (DEM); generate a three
dimensional view which allows us to scan the geology in a simulated world. Landsat, ALOS, SPOT, and Quickbird satellite images are usually used as the remote sensing images, and the DEM
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can be downloaded from the United States Geological Survey
website or generated by stereo pair.
(2) Measure the trace of the target outcrop. First, we draw
lines to highlight the trace, and measure some necessary parameters of the lines. The parameters can be measured in two ways,
the heading and dip, or the different values between the head and
tail of the lines. In this step, we record lines as vectors.
(3) Fit the plane by lines. The plane equation can be calculated by Eqs. 2 and the parameters of lines measured above. With
Eqs. 3, 4, 5 and normal vector of plane, we calculate the dip,
strike and dip direction of the fitted plane, which are the bedding
orientations of the target stratum.
2 A CASE STUDY IN YILI BASIN
2.1 Regional Setting
This paper applied the methods described above to a wellexposed area, located in northwestern China (Fig.3). Our study
area (43°15′– 44°15′N, 81°15′–83°15′E) is bordered by the Yili
Basin in the west, Awulale Mountain in the east, Keguqin Mountain in the north and Chabuchaer Mountain in the south (Zhou et
al., 2011). All these mountains are sparsely vegetated have low
population density, and their elevations are above 1 000 m.
Structures of the physical geology in this area are mostly eastwest-tending, including the Kashenhe Fault between the
Keguqin Mountain and Awulale Mountain, the Gongnaisi Fault
between the Awulale Mountain and Chabuchaer Mountain and
the Moheer Fault between Yili Basin and the Awulale Mountain.

Figure 3. Digital elevation model of the study area showing major faults and sampling locations. Solid lines indicate active faults visible at the surface; dash
lines indicate concealed faults. Inset map: vicinity showing the study area in northwestern China.
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2.2

DATA PROCESSING
We selected Google Earth as the experimental platform,
which is a basically near-perfect GIS data services platform released in 2005. Google Earth integrates raster and vector data of
many kinds, such as a DEM as well as aerial and satellite photos
from different companies. Google Earth provides boundary and
road data, and we focused on the DEM as well as aerial and satellite photos in our study. The resolution of the DEM in Google
Earth is generally less than 100 m, and is 30 m in most parts of
China. The images were acquired from many different companies, such as the QuickBird from DigitalGlobe, Landsat-7 from
EarthSat and SPOT6 from Astrium. In addition, some aerial images came from BlueSky and Sanborn (Tan and Song, 2011). A
former study clipped and mosaicked the QuickBird images from
Google Earth, combined that mosaic with the DEM generated
from the CORONA stereo images, and measured the bedding
orientation for future studies (Chen et al., 2009).
Google Earth provided us a desired view by the combination
of a DEM and remote sensing images. A schematic diagram was
used for the measurement of bedding orientation at Site No. 8
(Fig.4; 43°37'36.11"N, 82°41'44.44"E), which is overlooking a
sight at 1680 m in elevation. In this example, a QuickBird remote
sensing image provided by Digital Globe was obtained on 28
August 2014 with a resolution of 0.61 m. The DEM was from
the Global DEM generated using stereo-pair images collected by
the ASTER instrument onboard Terra, with a spatial resolution
of about 30 m (1 arc-second). In Fig.4, the green line marks the
trace of an outcrop, and the yellow line used as a ruler for measuring. In this example, the yellow line cover 69.37 m on the
ground, and its projection on the horizontal plane is 63.53 m. In
addition, the heading of this measured line is 84.09°. After measuring more than two lines for each plane, we fitted the plane as
well as the bedding orientation by Eqs. 3, 4, and 5.
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results measured by the two methods employed here. In the analyses of dip direction error, a positive value indicates the dip direction determined by one of the two methods that was measured in a
clockwise direction when compared with the field data; conversely, a negative value indicates it was measured in a counter
clockwise direction. Therefore, the dip direction errors range from
−180°to 180°. The dip errors are expressed as the relative error
(Table 1). Fig.5 and Fig.6 show the distribution of error intuitively.
The blue and brown points represent the errors in data collected
using the Multiple-line and Multiple-point method, respectively,
for dip direction and data (Fig.5 and Fig.6, respectively). These
figures clearly show that the Multiple-point Method has a larger
bias than the former. All the dip direction errors from Multipleline Method data are within 50°while 7 of 25 results exceeded 50°
for from Multiple-point Method data. In addition, the mean ±
standard errors of the absolute differences between the calculated
results and field data are 10.2°±8.6°for Multiple-line Method and
19.0°±18.3°for Multiple-point Method in dip direction (excluding points 6, 11, 15 and 19 for both methods).
As to the errors of dip for both methods, we obtained the
relative errors for both methods. The Multiple-line Method was
also better than the Multiple-point Method for this type of measurement. Most of the results from Multiple-line Method are
closer to 0 when compared with the Multiple-point Method data.
Similarly, we count the mean ± standard errors of the absolute
difference for dip; the results show that the errors of the Multiple-line Method data were 9.7°± 10.2°while errors of the Multiple-point Method data were 16.1°±12.9°.
We classified the errors into two categories: artificial and systemic errors. Artificial errors are mostly determined by the method
used to choose the lines. For both the Multiple-line and Multiplepoint methods, we can obtain more accurate results by choosing
the marked bedding as the fitted vector, taking the measured line
with the higher difference in elevation at each side or by setting a
longer-stretch measuring line during the operation.

Figure 5. Errors of dip direction for the Multiple-line and Multiple-point
methods. Positive values indicate the errors are clockwise from the field data
while negative values indicate the opposite.
Figure 4. Example of bedding orientation measurement at Site No. 8. Image
provided by Google Earth, and generated by dragging the QuickBird image
onto the digital elevation model data. Green lines, highlight for bedding
traces; yellow line, measured trace.
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RESULTS AND DISCUSSIONS
In this paper, we determined 25 bedding plane orientations by
both Multiple-line and Multiple-point methods, and compared
them with the field data. Table 1 compares the measured results
and the field data, where the dip direction errors and dip errors are
represented by the difference in the values of the field data and the

Figure 6. Relative errors of dip for the Multiple-line and Multiple-point
methods.
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Table1
The observed data
Order

Comparison between measurement results and field data

Multiple-line Method

Dip direction (°)

Dip
(°)

Dip
direction (°)

Dip direction error (°)

1
2

322
166

38
10

316.84
140.50

3

175

50

4
5

230
344

10
40

6
7

331
355

8
9

Multiple-point Method

Dip (°)

Relative error
of dip (%)

Dip
direction (°)

Dip direction error (°)

Dip
(°)

Relative error
of dip (%)

-5.16
-25.50

48.74
12.21

0.28
0.22

291.97
196.45

30.03
30.45

4.93
27.92

-0.87
1.79

179.06

4.06

35.26

-0.29

118.84

56.16

16.02

-0.68

259.64
336.31

29.64
-7.69

13.03
32.13

0.30
-0.2

244.72
321.99

14.72
22.01

19.13
46.6

0.91
0.17

40
80

329.87
5.11

-1.13
10.11

36.31
83.12

-0.09
0.04

135.14
6.24

164.14
11.24

69.16
89.82

0.73
0.12

189
206

80
65

186.29
209.60

-2.71
3.6

71.86
68.50

-0.10
0.05

167.46
193.04

21.54
12.96

51.93
35.8

-0.35
-0.45

10

182

40

196.02

14.02

33.89

-0.15

190.84

8.84

26.78

-0.33

11
12

26
299

20
65

33.38
306.72

7.38
7.72

16.79
70.58

-0.16
0.09

215.53
310.79

170.47
11.79

15.33
68.75

-0.23
0.06

13
14

357
33

50
13

14.11
3.53

17.11
-29.47

54.66
8.95

0.09
-0.31

356.60
9.11

0.40
23.89

69.96
9.27

0.40
-0.29

15

356

44

359.35

3.35

29.73

-0.32

154.55

158.55

64.68

0.47

16
17

350
19

65
13

4.78
11.72

14.78
-7.28

48.01
8.71

-0.26
-0.33

357.65
327.84

7.65
51.16

61.41
29.28

-0.06
1.25

18
19

157
340

34
14

162.85
17.28

5.85
37.28

36.64
9.61

0.08
-0.31

221.14
202.8

64.14
137.2

18.49
10.48

-0.46
-0.25

20
21

331
178

45
64

327.28
183.34

-3.72
5.34

42.32
32.54

-0.06
-0.49

342.93
177.1

11.93
0.90

72.59
62.2

0.61
-0.03

22

181

56

180.46

-0.54

27.41

-0.51

179.52

1.48

50.8

-0.09

23
24

151
43

30
55

144.94
48.87

-6.06
5.87

22.86
47.65

-0.24
-0.13

140.00
45.17

11.00
2.17

26.1
64.11

-0.13
0.17

25

352

20

343.56

-8.44

61.75

2.09

356.55

4.55

72.15

2.61

Systemic error is quite relevant to the type of data and the
method used. Image resolution is the decisive factor in the analysis of a DEM and remote sensing images, which were provided
by Google Earth in this study. Because Google Earth provides a
massive database, we can choose the most appropriate images
that were collected at the right time with good weather to use in
this study; appropriate images display the target outcrop clearly
(Zuo et al.,2008). In this paper, we used SPOT6, IKONOS, and
QuickBird images in our analysis, with a resolution near to or
less than 1 m.
In addition, Google Earth generates topography using a
DEM with a spatial resolution of 30 m and a vertical accuracy of
16 m. Therefore, the DEM used here cannot express topography
clearly in a flat field of view; attempts to do so will lead to a
larger than average error in that situation. A previous study
shows that the dip accuracy may be 1–4°if the maximum horizontal separation ranged from 100–400 m; in addition, using
DEM data with a low resolution may lead to a larger dip error
(Berger et al.,1992; Duan et al.,2011). For this reason, that former study used stereo images to generate a DEM with the goal
of improving the resolution of the DEM in that study (Chen et
al., 2007).
Another systemic error is a result of the method used. We
found the accuracies of our data were quite closely related to the
continuity, fluctuations and morphological characteristics of the
trace; we then summed the adaptive range for each method,
while considering the geology and geomorphology of each site.

Statistical analysis showed that the Multiple-point Method performed more poorly in both situations, especially for a discontinuous trace. The Multiple-line Method performed fairly well in
most situations, but the results were a little disappointing in a flat
field setting; this reflects the influence of the resolution of the
DEM but not the disadvantages of this method. For the same reason, both methods cannot fit the plane well for a curved trace.
As the results show, the Multiple-line method is more accurate than the Multiple-point Method when both are compared
with field data. However, we found the results of both methods
deviate from the field data in some places, such as sites No. 14
and No. 25. We found an error for dip direction of about 25°at
Site No. 14, and an error of dip of about 45°at No. 25. We collected all the field data by ourselves and feel confident in their
reliability. Fortunately, we found that Site No. 14 was so close
to No. 15 that they overlapped into one symbol (Fig. 3). After
comparing the orientation of these two places and interpreting
the results with data by both methods, we found that the orientation in Site No. 14 was slightly different from No. 15 in both dip
direction and dip. We determined the dip direction at Site No. 14
was similar to No. 15; that is true because both the Multiple-line
and Multiple-point methods measure the bedding orientation as
a whole, which is an average on a small scale.
4

CONCLUSIONS
The measurement of bedding orientation based on remote
sensing images provides a low-cost, rapid, and efficient method

6

Zhenghai Wang, Weilong Lin and Ruxin Ding

that is useful for geologists, especially for challenging environments with low vegetation coverage and good bedding outcrops.
The Multiple-point Method has been used traditionally in this
field for many years, but will contain large errors for a discontinue outcrop. In this paper, we proposed a new method, the Multiple-line Method, with the goal of improving bedding orientation measurement in this field. We applied both the Multiple-line
and Multiple-point method to Yili Basin, and compared the results with field data. The results show that both methods usually
measure bedding orientation very well on a small scale; however, the Multiple-line Method has a wider range of application
than the Multiple-point Method and yields more accurate results,
especially in areas with flat fields and mountain ridges. The final
publication
is
available
at
Springer
via
https://doi.org/10.1007/s12583-017-0943-1.
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