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Abstract: Gravity terrain correction is a critical step in regional gravity survey. The main challenge for gravity terrain correction
is how to rapidly and inexpensively reconstruct high-quality terrain near the gravity survey station. This paper proposes a fast near-
region terrain correction approach based on panoramic stereo vision and photogrammetry techniques. A fast and low-cost topo-
graphic mapping system is designed and developed for this purpose. To miniaturize the system and assure required mapping accu-
racy, we theoretically analyze and optimize the hardware design. The developed software system generates DEM automatically
from panoramic stereo images and calculates the gravity correction value at each station. The system has been verified in several
filed tests with various terrain circumstances. The test results demonstrate that the developed gravity terrain correction method
significantly outperforms the traditional field surveying methods in efficiency and accuracy.
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1 INTRODUCTION

Gravity terrain correction is an important procedure for
obtaining Bouguer gravity anomaly during regional gravity
survey (Yen, et al., 1994). Terrain correction is normally catego-
rized into three parts by the range from the gravity station, one
part being correction for terrain relatively close to the survey
station as far as 20—50 m, commonly known as near region
terrain correction (Fan, 2007), while the other two parts for more
distant terrain, referred as mid region terrain correction and far
region terrain correction. Currently, for the mid and far region
parts, computer aided programs have been introduced to
automate the terrain correction procedure based on widely avail-
able topographic databases (Cogbill, 1990). However, this is
often not the case for near region part when large-scale topo-
graphic product doesn’t exist, especially in mountainous areas
(Jia, et al., 2009). As gravitational effects become decreased in
proportional to the distance from the survey station, near-region
terrain correction is more critical than mid and far region correc-
tion.

A systematic methodology for performing terrain correction
was developed by Hammer (1939). In his method, a template
consisting of a series of circles is applied and the center of the

circles is placed over the gravity station on the map. Amounts of
prisms with increased distance from the center are subsequently
made to estimate their individual gravity effect with a formula.
By accumulating all the prism’s effects, terrain correction is
finished for the gravity station. The practical manual
manipulation of Hammer’s method is not only complex but also
fails to guarantee an accurate value concerning the variation of
terrain. Though an improvement was made later by adapting
Hammer’s formula to be easily implemented by computer (Bott,
1959; Kane, 1962; Nagy, 1966), the accuracy problem still
remains to be resolved, especially in mountainous areas. Further
research has concluded that the Hammer’s method could be
refined by using smaller patches or by defining the surface shape
more precisely (Campbell, 1980; Zhou, et al., 1990; Parker,
1996). According to China’s large-scale gravity exploration spec-
ification, the Root Mean Square Error (RMSE) of near region
terrain correction (0—20 m) should be within 0.025 mgal
(1 mgal = 107 cm/s>) (Sun & Ding, 1997). For such a high
precision gravity survey, the near region terrain correction
requires a large scale topographic map (1:2000) or DEM with
height accuracy of better than 1 m. As such a large scale topo-
graphic product often does not exist in mountainous areas, in
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practice near region gravity survey usually involves a great deal
of manual work. The surveyor usually has to make a large num-
ber of measurements using surveying instruments (e.g., a leveling
instrument, theodolite or total station) in order to reconstruct the
topography (Klingele, 1980). Although high precision topo-
graphic correction would be expected in this way, this classical
method is time-consuming and costly, which makes it impossible
to be widely used in gravity survey work when dealing with a
very rugged topography. In fact, in practical procedure, near
region gravity survey has long been neglected or simplified in
consideration of efficiency and economic reasons, which deterio-
rates the accuracy of gravity survey to some extent (Leanman,
1998). Some studies (Yen, et al., 1994; Yang, et al., 2011) have
shown that the amount of terrain correction is closely related to
near region topography and near region correction can never be
ignored in mountainous areas with high relief. Generally, topo-
graphic relief plays such an important role that most correction
value in these areas is over 20 mgal or even larger, while in flat
areas, the smaller correction value can almost be ignored (Li,
et al.,, 2011). It is highly desirable to develop simple, efficient
and high precision near region terrain correction method for
mountainous areas.

As large part in middle and western China are mountainous
areas, near region correction must be carefully and efficiently
performed in such large areas. It's apparent that the main chal-
lenge for gravity terrain correction is how to rapidly and inex-
pensively reconstruct high-quality terrain relatively close to the
gravity survey station, e.g., within a range of 30 m (Di, et al.,
2011). In traditional field surveying, the surveyor divides the
near region zone into 8 quadrants centering at the gravity station
and makes measurements of a number of points (e.g., five points)
evenly in each quadrant using total station. Generally, it takes
about 20 minutes to measure nearly 40 points for each station
and even more time for office work of post processing. In this
research, we develop a fast near region terrain correction
approach that significantly outperforms the traditional approach.
It can automatically generate about 6000 three-dimensional
points within two minutes (including data acquisition and data
processing). This new approach is based on panoramic stereo
vision and photogrammetry techniques. As the attainable
accuracy of this method is largely determined by the
measurement accuracy, a theoretical analysis of the measurement
accuracy at different distances is performed and a suitable set of
geometric configurations of stereo vision is chosen. Accordingly,
a fast and low-cost topographic mapping system is designed and
developed, including hardware and software for data acquisition
and processing. In the field tests with various terrain circum-
stances, our method has proved its efficiency, accuracy and
robustness compared to traditional field surveying approach.

It is worth to note that panoramic imaging technology has
been widely used in “street view” image acquisition for web
mapping services, such as Google Earth; stereo panoramic
images have been used in navigation and mapping on the Mars
exploration rover mission (Di & Li, 2007; Di & Ge, 2011). The
contribution of this paper is to introduce the stereo panoramic
vision technology into the field of gravity terrain correction and
to design and develop a fast and low-cost topographic mapping

system for practical application in near-region gravity terrain
correction.

2 HARDWARE DESIGN AND THEORETICAL
ACCURACY ANALYSIS

2.1 Hardware design of the topographic mapping
system

The measurement accuracy of a stereco mapping system is
largely determined by it’s hardware design. As is shown in Fig.1,
the hardware of the system includes a pair of CCD cameras for
stereo image acquisition, a rotary stage to rotate the cameras, and
a tripod for holding the imaging system. The stereo cameras are
mounted on the two ends of a camera bar, which is fixed to the
two-degree-of-freedom rotary stage. The rotary stage can rotate
+180° horizontally and + 36° vertically so that the system
acquires panoramic stereo images around a gravity station. A
laptop computer is used to control the cameras and the rotary
stage.

Fig.l Hardware of the topographic correction system

The geometric configuration parameters of the hardware
components are listed in Table 1.

Table 1 Geometric parameters of the stereo camera system

Camera type MV-VE141SC/SM
Stereo base 50 cm
Stereo camera

Focal length 12 mm
1392x1040 pixels

Image dimension

Pixel size 6.45 pmx6.45 pm
Vertical range -36°—36°
Rotary stage Horizontal range -180°—180°
Accuracy 0.0129°
Laptop computer CPU Intel core i3 , 2.13 GHz

These hardware components are determined by the
following theoretical analysis of measurement accuracy. The idea
is to select the low-cost but reliable components that satisfy the
accuracy requirement of near-region gravity terrain correction,
rather than to select high-end components that achieve the
highest accuracy.

2.2 Theoretical analysis of measurement accuracy

In order to perform near region terrain correction, it is
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important to analyze the attainable measurement accuracy of the
stereo camera system. Actually, the selection of camera and the
setting of the baseline (Table 1) are based on theoretical meas-
urement accuracy analysis. In our hardware system, the principal
rays of the two cameras are parallel to each other and perpendic-
ular to the baseline as depicted in Fig2.

P(X, Y, Z)

p L ps

X

Fig2 “Normal case” stereo configuration (Di & Li, 2007)

For such a “normal case” stereo configuration, the three
dimensional coordinates of object point P(X,,Y,,Z,) can be
calculated using the following parallax equations,

B .
Y, = &S
p
B X!
X, = Zw=ta (1)
g S
B Y
A S 3
B py fy

where f is the focal length of the camera, B is the length of stereo
baseline, p is the stereo parallax of the corresponding points,
which is calculated as p =x—x', here taking x and x' to be the
horizontal position of the points in the left and right image,
respectively (Fig2).

Based on Eq.(1), the attainable accuracy is obtained from
theoretical derivation. Through error propagation, the accuracies
(standard errors oy ,0y,0;) are represented as (Di & Li, 2007;
Di & Peng, 2011)

2
— d
Ty

=

SRR [ LR Vi L
o= 5 () ()

where o, is the parallax measurement error, o, and o, are the

g,

image measurement etrors in X and Y directions in image space.
From Eq.(2), we can easily come to a qualitative conclusion that
the measurement error reduces when the focal length and the
baseline length increase. This suggests that larger focal length
and baseline are preferable if possible. It is obvious that the
range error oy is proportional to the square of the range Y, and
that the measurement errors in X and Z directions are
dependent on not only the range, but also the position of the
object in the image. At a given range, the minimum error of X
direction lies on the vertical line passing through the image

center (where x = 0), while the maximum errors of X direction
lie on the left and right margins of the image. Similarly, at a
given range, the minimum error of Z lies on the horizontal line
passing through the image center (where y = 0), while the
maximum errors of Z direction lie on the top and bottom
margins of the image.

097 ——Y error

0.8 } ——X/Z maximum error

——X/Z minimum error
0.7 +

061
05t
041
03t
02}

01t ///

Error/m

L

-

0 10 20 30 40 50
Distance/m

Fig3 Theoretical measurement accuracy at different ranges

The parallax measurement accuracy is determined by the
accuracy of image matching. According to a theoretical
analysis, pixel-level image matching (correlation) has an
accuracy of about 1/3 pixel (Zhang & Zhang, 1997), while
least-squares matching has an even higher accuracy. Given
o, = 1/3 pixel, ¢, = o, = 1 pixel, and the parameters of the
cameras, the standard errors at different ranges are calculated
by Eq. (2) and shown in Fig3.

As is clearly seen in Fig.3, the measurement error in the
range direction is always larger than that in the other two
directions, and measurement accuracies in three directions are
all better than 1 m within 50 m, which satisfies the requ-
irements of near region terrain correction.

2.3 Calibration of stereo cameras

It is critical to calibrate the cameras in order to achieve
the theoretical mapping accuracy. The task of camera
calibration is to determine the interior orientation parameters
(focal length, position of principal point) and optical distortion
parameters of each camera, and the relative orientation
parameters between the two cameras.

Camera calibration is performed at a calibration range
where hundreds of precisely measured control points are
evenly distributed in a three dimensional space (Fig4). The
internal camera model used in this calibration is very similar to
that used by Heikkila and Silven (1997), which can generally
deal with camera distortion very efficiently. To reduce the time
of manual measurement of the control points in the images, we
developed a semi-automatic method for control point
measurement. We only need to manually measure several
control points (green crosses in Fig4), then the rest of control
points (red crosses in Fig4) are extracted automatically by
least squares template matching. As we can see, most control
points in the image are extracted successfully, which are
sufficient for camera calibration. Based on these control
points, interior orientation parameters, optical distortion
parameters, and exterior orientation parameters are determined
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through a least squares solution of space resection with
collinearity equations (Feng, 2002). The accuracy of camera
calibration is evaluated by the root mean square residual on
the control points, which turned out to be within 0.2 pixel for
both the left and right camera.

Fig4 Camera calibration range

In order to -calibrate the relative orientation and
translation of the two cameras, images of the three dimensional
calibration range are captured simultaneously by the stereo
cameras. Multiple pairs of images are used to improve
accuracy and robustness in the calibration. After calibration,
we get the left camera’s position vector T, and orientation
matrix Ry, right camera’s position vector T, and orientation

matrix R which are defined in the calibration range

right
coordinate system. Taking the left camera as the reference
camera, the relative relation of these two cameras can be
represented as
right

Tl/rle_e]ﬁ : (Tn'ghl_Tleﬁ) )
where R,, and T, are the right camera’s orientation and

{Rl/rle_e]h R

translation relative to the left camera.

To validate the effectiveness of our model of calibration,
we performed many outdoor experiments. By comparing our
measurements with ground check points measured by
differential GPS, the three dimensional measurement accuracy
is consistent with the theoretical accuracy. The height accuracy
is within 0.5 m using the calibrated parameters, meeting the
accuracy requirement for near-region terrain correction.

2.4 Calibration of the rotary stage

The acquisition of panoramic images around the survey
station is realized by rotating the rotary stage. Thus, the
exterior orientation parameters of the images are determined
by the rotary stage’s horizontal (azimuth) and vertical (tilt)
angles. Ideally, after the rotary stage is leveled, the cameras
move on a horizontal plane when the rotary stage rotates
horizontally, and move on two vertical planes when the rotary
stage rotates vertically. In reality, due to the installation
limitations and errors, there are unavoidable offsets for the
rotating axes and the rotating centers. In order to get accurate
exterior orientation parameters, the actual position and
orientation of both vertical and horizontal rotating axes should
be determined.

We establish the rotary stage coordinate system as Fig.5

illustrates: the origin is set to be the center of the baseline of
the stereo cameras; the X and Z axis lie on the horizontal base
plane and the Y axis lies vertically; Ly is the vertical rotating
axis and Ly is the horizontal rotating axis. In order to calibrate
these two rotating axes’ offsets and the origin offset, the rotary
stage is set to be within the three dimensional calibration
range. A series of images are taken at different horizontal and
vertical angles: first, the rotary stage rotates — 35° vertically
and then rotates — 360° horizontally at 5° intervals and stereo
images are acquired at these stops; second, the rotary stage
rotates vertically by an increment of 5° and the process of
horizontal rotation and image acquisition repeats as in the first
step; the vertical rotation finishes until the vertical angle
reaches 35°. Through space resection with collinearity
equations, a series of camera’s discrete orientation can be
determined and the camera’s circular trajectory can be fitted
through a least squares solution. As a rotating axis is
orthogonal to the corresponding circular trajectory, its actual
location and orientation can be determined, which are as
AY(p,,v,) and Ay(p,,v,) for horizontal and vertical axis
respectively. Here, p, and v, represent the position and
orientation of the vertical rotation axis while p, and v,
represent the position and orientation of the horizontal
rotation axis.

;
\
-
! A
! )
I '
i
— = e
,
!
|
;
/

~

’
L]

Fig.5 Rotary stage coordinate system

2.5 Calculation of exterior camera parameters

When the rotary stage’s horizontal and vertical angels are
set to 0, the initial state of stereo cameras in the rotary stage
coordinate system can be calculated as

R,=R(v,) - R(v,) - R(0,0,0)
T,=R, - ( (_L/Z,an)'r_]’l)
Ry, =R(v,) - R(v,) - R,, - R(0,0,0)
Ty, =Ry, + ((L/2,0,0)"-p,)
where L is the baseline length of stereo cameras, R, and T,

(4)

denote the left camera’s initial exterior parameters (rotation
matrix and translation vector), Ry, and Ty, denote the right
camera’s initial exterior parameters.

Given the rotary stage’s horizontal angle # and vertical
angle ¢, the camera’s exterior parameters R and T can be
accurately calculated as

R=R(¢$,0,0) - R(0,0,0) - R, 5

{T =R - T, (5)

where R, and T, are camera’s initial state and are substituted

by Ry, T}, and Ry,, T}, to calculate the left and right camera’s
exterior orientation parameters.



DI Kaichang, et al. ; Fast near-region gravity terrain correction approach based on panoramic stereo vision 763

3 THREE-DIMENSIONAL TERRAIN RECO-
NSTRUCTION AND NEAR REGION
TERRAIN CORRECTION

The software system can generate near region terrain
correction value automatically by the means of batch
processing based on panoramic stereo images captured around
the survey station, which largely reduces manual labor. There
are mainly two steps in the process: (1) three-dimensional
point cloud generation and filtering in order to produce high
quality DEM; (2) topographic correction based on the DEM.
The flowchart of this process is illustrated in Fig.6.

/ Panoramic stereo images / / Camera calibration parameters/

v

| Panoramic stereo image matching|

!

| Blunder detection

!

| Point cloud filtering |

!

| DEM generation |

/ DEM around the survey /
station within 30 m

| Square domain terrain correction |

Near region terrain correction
value of the survey station

Fig6 Flowchart of three-dimensional terrain
reconstruction and gravity terrain correction

3.1 Point cloud generation and blunder detection

First, radiometric enhancement is conducted by Gaussian
filter to remove image noises. Then, by applying Forstner
operator (Forstner & Giielch, 1987) with proper threshold,
mass feature points are detected in the images. To make the
detected points well distributed in the whole image and
adaptive to local terrain conditions, the image is divided into
tens of grids and in each grid certain amount of points are
detected by adjusting the operator threshold within the grid.
Afterwards, stereo image matching is performed by using
normalized correlation coefficients method on the detected
feature points from the stereo images. Least squares matching
method is further applied to achieve sub-pixel matching
precision. Constraints of local disparity consistency and
epipolar geometry are imposed to improve the reliability and
efficiency of the stereo matching. Finally, three-dimensional
positions of the matched points are calculated using space
intersection with collinearity equations. Generally, more than
6000 three-dimensional points are generated this way at one
station using 12 pairs of stereo images.

It is usually unavoidable that blunder exists in three

dimensional point cloud. A blunder detection algorithm (Li &
Zhu, 2000) is adopted. The main idea of the algorithm is as the
following: (1) for each point P, a window with fixed size
centered at P is defined and the median height value is found
within the window; (2) if the difference between the height and
the median is above a certain threshold, P is detected as a
blunder and removed. The above threshold is determined
automatically by a statistical analysis: (1) for each window,
the difference of each point’s height with the mean height
value of the rest of the points within the window is calculated;
(2) the threshold is three times of the root mean square
difference.

3.2 Point cloud filtering and terrain reconstruction

As above-earth points are also mixed in the point cloud,
they need to be removed in order to reconstruct bare-earth
terrain. A slope-based morphological filtering algorithm
(Vosselman, 2000) is applied for this purpose. Point cloud is
filtered by defining such a slope-based core function
represented as:

N={p Al ij e€A; |h17 —h,,‘| <Ah,, (d(p, ij) ) (6)

{Ah =0, Xd
where d is the horizontal distance between the two points, 6,,,,. is

max

the slope threshold, Ah,,,, is the maximum height difference, £2 is
the filtered point cloud. A point is accepted only when the height
difference between the point and other points in the
neighborhood is not above Ah,,. . By traversing the point cloud,
all the above-earth points are rejected.

However, it is difficult to define a uniform slope threshold
as the terrain varies. An adaptive point cloud filtering algorithm
(Zhou, 2004) is applied to tackle the problem. The algorithm
mainly includes the following steps: (1) by dividing the point
cloud using sparse grid, an adaptive slope threshold for each grid
is determined through plane fitting using the three dimensional
points within the sparse grid cell; (2) for each sparse grid, filter
out the points which don’t obey the rule described by Eq.(6); (3)
by dividing the point cloud using dense grid, a similar procedure
of (1) and (2) is applied; (4) by reducing the sparse grid width
by a factor of 2, the iteration continues until the sparse grid
width equals the dense grid width. In our experiment, the widths
of the sparse and dense grids are set to be 5 m, 0.5 m respectively.

As the three dimensional points are defined in the rotary
stage’s coordinated system (leveled through the tripod), in order
to obtain the three dimensional points’ absolute height in
geodetic coordinate system, the gravity station’s absolute height
and the rotary stage’s relative height above the earth are needed.
For each survey station, the absolute geodetic height can be
obtained by GPS while the relative height is manually measured
by a steel tape. It is worth to note that absolute azimuthal correc-
tion is not needed for the purpose of topographic correction.

Finally, DEM can be reconstructed from filtered three
dimensional point clouds by kriging interpolation method.

3.3 Topographic correction

As the automatically generated DEM is stored as square
grid data, topographic correction value is conveniently calculated



764 Journal of Remote Sensing % & 53Rk 2013,17(4)

with square domain method (Jiang, 1988; Shen, 1993; Feng,
2007). Fig.7 shows how this terrain correction method is per-
formed around the survey station.

X

x, v, h

Fig.7 Square domain method for topographic correction

In Fig.7, O is the survey station and n is the center of the
grid cell with the grid size of 1 m (such a resolution meets the
requirement of near-region terrain gravity correction). Then the
terrain correction value of that grid is calculated as (Jiang, 1988)

2 2
Ag =f0'ﬂ YA +y 1
" ey i) G

where f=6. 67x107 is the gravitational constant, o is density of

dedy (7)

rocks constructing the terrain, x and y are the horizontal and ver-
tical coordinate in the survey station coordinate system, h, is the

grid cell’s absolute height.
By summing up all grid cells’ terrain effects, the gravity
correction value of the survey station is finally calculated as

Ag = Y Ag, . (8)

4 EXPERIMENTAL RESULTS

Experiments and field tests have been performed to verify
the developed system. In the field test in the area of Ming Tombs
in Beijing suburb, panoramic stereo images were collected at 15
stations with various terrain circumstances. Here we report the
results of two typical gravity stations. The terrain of station A is
relatively flat; station B has larger terrain relief and slopes. Pano-
ramic images at the two stations are shown in Fig.8 and Fig9 re-
spectively. DEMs of the two stations (60 mX60 m) are automati-
cally generated with a required 1 m resolution. Fig.10 shows the
DEM of station A before and after point cloud filtering. Fig.11
shows the DEM of station B before and after point cloud filte-
ring. Here X,Y and Z are horizontal and vertical coordinate in
the survey station coordinate system. As we can clearly see from
Fig.8, the environment surrounding the gravity station is covered
with a lot of grass, which poses a real challenge for image matc-
hing and DEM generation. As a result, many blunders appear
randomly in the generated DEM without point cloud filtering.
From the final DEMs, it can be seen that point cloud filtering can
effectively remove blunders and above-earth points.

(a) Station A DEM before filtering

(b) Station A DEM after filtering

Fig.10 Station A DEM
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96 m

95 m

94 m

93 m

(a) Station B DEM before filtering

(b) Station B DEM after filtering

Fig.11 Station B DEM

In order to evaluate the accuracy of terrain reconstruction
and correction, 1:500 large-scale maps and high quality DEMs of
the field test area were produced through a large-scale filed
survey using differential GPS and total station with high density
of sampling points, at least one point per square meter. The
densely measured ground points, DEM and derived topographic
correction values are used as ground truths (references) in the
following comparisons.

In our experiments, we evaluate the DEM accuracy using a
series of check points (60 points for A and 89 points for B)
evenly distributed in the 60 mx60 m square areas by comparing
the heights at given horizontal positions with their actual height
values. Fig.12 and Fig.13 are the height error histograms of the
two DEMs. The RMSEs are 0.46 m and 0.84 m respectively,
which satisfy the required accuracy of 1 m.
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Fig.12 Station A DEM error histogram
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Fig.13 Station B DEM error histogram

It can be seen from the figures that the error distributions
generally satisfy normal distribution. Meanwhile, the height
accuracy of the flatter terrain is better than that of the terrain
with larger slopes. This is due to two reasons: occlusions are
likely to exist in the images of the terrain with larger slopes
which may decrease the final accuracy; horizontal accuracy has a
larger effect on height accuracy of the DEM in larger slopes.
Overall, the actual mapping accuracy is generally consistent with
the theoretical accuracy.

Having obtained the DEM for each station, the topographic
correction values from our new method are calculated and
compared with the reference values and the values calculated
from the traditional method of total-station based field surveying.
The reference topographic correction values are derived from
high qualities DEMs mentioned above (derived from very dense
ground points measured by differential GPS and total station),
while the correction values of the traditional method are
calculated from sparse ground points (40 points in each gravity
station) measured by total station. Table 2 shows the comparison
results.

Table 2 Topographic correction accuracy comparison

. Traditional New Error for Error for
Station  Reference/ .
method/ method/ traditional ~ new method/
No. mgal
mgal mgal method/mgal mgal
1 0.04353 0.05775 0.04541 0.01422 0.00188
2 0.01705 0.03091 0.0157 0.01386 -0.00135
3 0.00958 0. 00005 0.01200  -0.00953 0.00242
4 0.00612 0.00277 0.0087 -0.00335 0.00258
RMSE/
0.01114 0.00211
mgal

From Table 2 above, the accuracy of our new method is
much higher than that of the traditional field surveying method.
In fact, the RMSE gets largely decreased from 0.01114 mgal to
0.00211 mgal by using our new method compared to the tradi-
tional methods. Since our mapping system automatically collects
much denser three-dimensional points of the terrain than tradi-
tional field surveying, thus the overall accuracy of the DEM for
topographic correction is generally higher. This is particularly
significant for mountainous areas where the traditional method
would need to measure more points in order to achieve satisfac-
tory accuracy.

Referring to efficiency, for each station the panoramic
image (12 stereo pairs) acquisition time is about 60 s and the
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automatic DEM generation time is about 35 s. For most of the
test stations, the terrain correction process is fully automatic
without human intervention. For some stations where there are
dense trees, some manual operation is necessary, which may take
several minutes. Overall, in addition to accuracy improvement,
this is a significant improvement in efficiency over the traditional
field surveying method.

5 CONCLUSIONS

In this paper, we presented a fast near-region gravity terrain
correction approach based on panoramic vision. As a complete
system, the hardware design, system calibration, theoretical accu-
racy, and the automated DEM generation techniques are
described. The experimental results demonstrate that the
developed system significantly outperforms the traditional field
surveying method in efficiency and accuracy. The aim of the
system is to reach the required accuracy with low-cost and
reliable hardware components along with dedicated software,
rather than to achieve highest accuracy using high-end hardware
components. The software system will be further enhanced in the
future. More field tests will be performed to validate this new
system so that it can be applied in practical applications in topo-
graphic correction for regional gravity survey.
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The China National Land Cover Data for 2010 (ChinaCover2010)
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The China National Land Cover Data for 2010 (ChinaCover2010) has been completed after two years of team effort by the Institute of
Remote Sensing and Digital Earth (RADI), Chinese Academy of Sciences (CAS), together with nine other institutions’ participation. The HJ-
1A/1B satellite at 30 m resolution is main data source. Based on the landscape features in China, 38 land cover classes have been defined
using UN FAO Land Cover Classification System (LCCS). Super computers were used in the data preprocessing. An object-oriented method
and a thorough field survey (about 100000 field samples) were used in the land cover classification, with radar imagery as auxiliary data.
The overall accuracy of ChinaCover2010 is around 85%. Mainly based on domestic imagery, the products take advantage of various in situ
data and strict quality control. ChinaCover2010 is a good dataset for ecological environment change assessment and terrestrial carbon
budget studies. (Website: http://www.chinacover.org.cn)
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