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Abstract The purpose is to find a suitable geometric correction method of BJ-1 panchromatic image covering Kingdom of Lesotho. The meth-

ods are carrying out two geo-correction experiments based on the push-broom model and the projective transform model for BJ-1 small satellite

real panchromatic covering flat and mountain area of Lesotho. Results show that the projective transform model has equal or higher accuracy

compared to the push-broom model. Conclusion is the projective transform model can be used in producing land use image map.
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1 Introduction

With the implementation of the second national land survey and
national land use change survey and monitoring, China has formed
a mature base map preparation technology for land use planning.
To help other developing countries to learn this advanced technolo-
gy, China Land Surveying and Planning Institute and the Depart-
ment of Local Government and Chiefs of the Kingdom of Lesotho,
successfully applied for " Lesotho Land Use Planning Technical
Assistance Project" in April 2011, aimed at extending China’s ma-
ture land use planning theories and methods and base map prepa-
ration technology for land use planning to Third World countries.

Land use remote sensing image is the important basis for the
preparation of land use planning map. To have quick access to the
image data fully covering the entire territory of the Kingdom of Le-
sotho, the project selects China’s BJ-1 small satellite panchromatic
image for the production of high-resolution land use remote sensing
image. After the system geometric correction of the original pan-
chromatic image, there is also a need to carry out geometric cor-
rection to reduce the geometric distortion of the image.

In general, the geometric correction model is an important
factor affecting the accuracy of geometric correction. Existing lit-
erature has proposed a number of models, which can be roughly
divided into the following two categories:

(1) Special sensor model. Mainly based on the geometric re-
lationship of sensor imaging, it builds the strict geometric correc-
tion model of this sensor, such as linear push-broom model "’ and
strict imaging model ). These models usually have high calibra-
tion accuracy, but they can be only used for the geometric correc-
tion of specified sensor.

(i) General model. The general model is built mainly based

on the geometric relationship of sensor imaging fitted by polynomial
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and other algebraic expressions, such as projection transformation
model )| rational function model | polynomial model '’ | and fi-
nite element model ™. Such model is not only versatile, but also
has no need of the sensor parameters, so it is now widely used.
The terrain of the Kingdom of Lesotho is complex and we can
not get a true reference image of the Kingdom of Lesotho, so there
is a need to choose appropriate geometric correction model accord-
ing to the characteristics and imaging principles of Beijing-1 pan-

chromatic sensor.

2  Overview of BJ-1 satellite and geometric correction
method

2.1 BJ-1 satellite Beijing-1 small satellite ") is a small earth
observation satellite with double panchromatic and multispectral
sensors, jointly developed by China and the UK. It was launched
on October 27, 2005. With three stabilized axes and design life of
five years, it has a sun-synchronous orbit, and the orbital altitude
is 686 km.

High-resolution panchromatic sensor is a linear CCD push-
broom imager, and its imaging mode is shown in Fig. 1 2; the
imaging mode of each line of image is the single central projec-
tion, and the imaging mode of the entire image is the multi-center
projection.

2.2 Linear push-broom model
(2]

The imaging principle of line-
ar push-broom sensor '*’ is that a line image is first formed on the
surface, and then with the satellite’s flight, sensor moves forward
along a predetermined orbit, to obtain two-dimensional images by
progressive push scanning.

Thus, each line in linear push-broom model can be expressed
by the collinearity equation of central projection as shown in equa-

tion (1)

a (X, =Xs) +b,(V, = ¥s) +¢,(Z, = Zs;)
=02 S X Ke) +b, (Y, Ys,) 1oy (Z —Zs,)
a,(X; = Xs;) +b, (Y, =Ys,) +¢,(Z, - Zs,)
ay(X; =Xs;) +b,(Y, = Ys,) +¢,(Z, - Zs;)
where x is the flight direction; X;, Y,, and Z, are the geographical

(1)

yi=0=-f
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L Orbit direction
.

Fig.1 Linear push-broom imaging mode

coordinates of the ground point i; x,, y, are the corresponding im-
age coordinates; Xs,, Ys;, and Zs, are the ground coordinates of
b
elements of attitude angle of this line; f is the focal length of the

imaging center; a;, b,, ¢, are the function of exterior orientation
sensor.

When carrying out the geometric processing of the remote
sensing image acquired by the linear push-broom imaging sensor,
it is generally assumed that the satellite motion is smooth and the
three-axis attitude is balanced, so the polynomials can be used to
describe the satellite’s orbit and attitude, and by the polynomial
model, the orbit and attitude data at any time are interpolated.

Normally, when using this model for geometric correction, it
requires the focal length, pixel size, number of image pixels and
other parameters of the known sensor. In the case of no satellite
ephemeris parameters and no available sensor models, the linear
push-broom model can not be used, but we can use the projection
transformation model.

The projection transformation model can handle the geometric
correction of multi-center projection satellite remote sensing im-
age, so it can also be used for the geometric correction processing
based on linear push-broom model.

2.3 Projection transformation model The essence of the
projection transformation model is to use rational polynomial to
simulate the geometrical relationship of the image in a flash of im-
aging, and associate the ground coordinates X, Y, Z with the cor-
responding image point coordinates x, y using rational polynomial.

Projection transformation model can be expressed as the for-
mula (2);

_NumL(X, Y, Z) _NumS(X, Y, 7) 2)

Den, (X, Y, Z) Deng(X, Y, Z)
where Num, (X, Y, Z), Den, (X, Y, Z), Nums(X, Y, Z),
Deny (X, Y, Z) and are the polynomial function of X, Y, Z (usu-

ally, degree of polynomial is 2 or 3).

According to the degree of image geometric distortion and ge-
ometric correction accuracy requirements, we can choose different
degrees of polynomial. Denominator Den, (X, Y, Z)and Dens(X,
Y, Z) can be equal or unequal. In different cases, the number of
control points required is shown in Table 1.

The projection transformation model has been the linear poly-

nomial form, so it does not need linearization, that is, a certain
number of control points can be used to calculate rational polyno-

mial coefficients, thereby carrying out geometric correction.

Table 1 The number of control points for solving the projection trans-
formation model in different cases

Number Same denominators Different denominators
1 6 7
2 15 19
3 30 39

3 Experiment and analysis

Lesotho, officially the Kingdom of Lesotho, is a landlocked coun-
try completely surrounded by South Africa. It is just over 30000
km® in size. Lesotho covers 30355 km®. Tt is the only independent
state in the world that lies entirely above 1000 meters in elevation.
Its lowest point of 1400 meters is thus the highest in the world.
Over 80% of the country lies above 1800 meters.

Lesotho is also the southernmost landlocked country in the
world and is entirely surrounded by South Africa. It lies between
latitudes 28° and 31°S, and longitudes 27° and 30°E.

The real BJ-1 panchromatic image of two scenes Lesotho re-
gion is chosen for geometric correction experiment.

The first scene experimental image is the flat ground area im-
age obtained on July 7, 2009, with the side look angel of —4.38°
and elevation of about 1600 m. The ground object includes city
buildings, roads, farmland, rivers, lakes, etc., as shown in
Fig. 2-a.

The second scene experimental image is the high mountain
area image obtained on August 15, 2009, with the side look angel
of +4.88°. The ground object includes mountains, farmland, riv-
ers, roads, etc. , as shown in Fig. 2-b.

Since the true reference image of the Kingdom of Lesotho can
not be obtained, Google Earth high resolution image (spatial reso-
lution of about 0.5 — 1 m) is selected as the source of control
point and check point, as shown in Fig. 2-c.

The elevation data is the digital elevation model (DEM) im-
age with the interval of 30 m acquired by ASTER sensor, as shown
in Fig. 2-d.

The experimental steps are as follows:

(1) Reprojecting the reference image and DEM image, to
make the geographic coordinates meet WGS 84 coordinate system,
UTM projection, 6 degrees zonation, Zone 35 (24 —30E) projec-
tion zone.

(i1) Using the projection transformation geometric correction
model provided by ERDAS 9. 1 software, to set the regional mini-
mum elevation at 0 m, and maximum elevation at 3476m.

(ii1) Using the projection transformation model with the same
denominator and 3rd-degree polynomial , the projection transforma-
tion model with the same denominator and 2nd-degree polynomial,
and linear push-broom model provided by ERDAS LPS (modifying
the sensor focal length to 1372 mm, CCD pixel size to 8 um, pixel
number of image row to 6056, degree of orbit polynomial to 2, de-
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gree of polynomial of K attitude angle to 2, degree of polynomial of
other attitude angles to 0) for experiment, respectively.

(iv) Selecting a certain number of control points and check
points, to compare the residual error and root mean square error of
the control points and check points with the same number and
same distribution when using different geometric correction mod-

els. Experimental Image I selects 36 control points and 24 check

(b) Bxperimental Image II

(a) Bxperimental Image I

points (distribution shown in Fig. 3-a), and Experimental Image
IT selects 43 control points and 29 check points ( distribution
shown in Fig.3-b).

Table 2 is the residual error comparison figure of geometric cor-
rection control points and check points for Experimental Image 1
based on linear push-broom model, projection transformation model
(2), and projection transformation model (3). It is found that;

(d) DEM Image

(c) Reference Image

Note: (a)Experimental Image I; (b)Experimental Image II; (c) Reference Image; (d)DEM Image.

Fig.2 Data used for experiment

(a) Control points and check points for Experimental Image I

(b) Control points and check points for Experimental Image II

Note: (a)Control points and check points for Experimental Image I; (b)Control points and check points for Experimental Image II.

Fig.3 Distribution of control points and check points

(i) In terms of the residual error of control points, except
the residual error of individual control points based on projection
transformation model (2) greater than that based on linear push-
broom model, the residual error of other control points for the two
models is roughly equal; the residual error of projection transfor-
mation model (3) is 1 —3 pixels less than that of the other two
models.

(ii) In terms of the residual error of check points, it is basi-
cally consistent with the residual error of control points. The resid-
ual error based on linear push-broom model is roughly equal that
based on projection transformation model (2); the residual error
based on projection transformation model (2) is 1 —2 pixels less
than that based on linear push-broom model; the residual error of
projection transformation model (3) is about 1 —2 pixels less than
that of the other two models.

Table 3 is the residual error comparison figure of geometric
correction control points and check points for Experimental Image
IT based on linear push-broom model, projection transformation
model (2), and projection transformation model (3).

It is found that the residual error of control points and check

points based on linear push-broom model, projection transforma-
tion model (2) and projection transformation model (3) is roughly
equal.

The root mean square error of control points and check points
based on three models is shown in Table 4. In Experimental Image
I, since the residual error of most control points and check points
based on linear push-broom model and projection transformation
model (2) is large, the root mean square error of the control
points and check points is also large, about 4 pixels. Comparative-
ly speaking, the root mean square error of control points and check
points based on projection transformation model (3) is much less,
about 2.5 pixels.

In Experimental Image II, the root mean square error of con-
trol points and check points in three models is roughly equal,
about 6 pixels. By comparing the residual error in X direction and
Y direction, it can be found that the residual error in Y direction
is significantly less than that in X direction, which is due to the
fact that in the push-broom imaging mode adopted by BJ-1 pan-
chromatic sensor, X direction is the flight direction and Y direc-

tion is the single-center projection imaging.
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Table 2 Residual error comparison of control points and check points for Experimental Image I

Model Linear push-broom model Projection transformation model (2) Projection transformation model (3)

10.00 10.00 8. 00
8.00 8. 00 6,00
6.00 6.00
4.00 4.00
2.00 2.00

0 0

THENUN I~ O\ EO LN T~ O T OO U T O i CN Uy THEN U= ON O LN I~ ON  CR U T OO0 Uy
A NN N BN N CR ER 00 T H N NN NN TR O e

4.00

Residual error of

control points

2.00

0

HERUN I~ N OO LN T~ O T OO U D O i C0 U
A NN N SN N R e e

Residual error of

check points

Table 3 Residual error comparison of control points and check points for Experimental Image II

Model Linear push-broom model Projection transformation model (2) Projection transformation model (3)
12. 00 16. 00 16. 00
1.0 12.00 12.00
8.00 ’ ’
Residual error of 6. 00 8. 00 8. 00
control points 4. 00 4,00 4,00
2.00 : ’
16. 00 16. 00
12. 00

Residual error of

check points

Table 4 Root mean square error comparison of control points and check points

Experimental Data 1 Experimental Data 11
Model Type — — — —
X direction Y direction RMSE X direction Y direction RMSE

Linear push-broom model Control points 3.96 0.85 4.05 5.68 1.46 5.87

Check points 3.87 1.60 4.19 5.67 1.75 5.94
Projection transformation model (2) Control points 3.36 1.80 3.81 6.16 2.97 6.84

Check points 3.64 2.34 4.33 4.53 2.82 5.34
Projection transformation model (3) Control points 2.22 1.23 2.54 5.64 1.74 5.91

Check points 2.27 1.42 2.68 4.07 2.71 4.89
4 Conclusions tion transformation model is compared. The results show that in
By the real BJ-1 panchromatic image of Lesotho, the geometric the flat ground areas, the geometric correction accuracy based on

correction accuracy based on linear push-broom model and projec- (To page 84)
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(From page 78)

cubic polynomial projection transformation model can reach 2 -3
pixels, and the geometric correction accuracy based on quadratic
polynomial projection transformation model and quadratic polyno-
mial linear push-broom model is about 4 pixels; in the high
mountain areas, the geometric correction accuracy based on line-
ar push-broom model and projection transformation model is
roughly equal, about 6 pixels.

So, the cubic polynomial projection transformation model
has the highest geometric correction accuracy, and it can be re-
garded as the geometric correction model for BJ-1 panchromatic
image of the Kingdom of Lesotho. It should be noted that since
we can not get more accurate geometric correction reference im-
age of the Kingdom of Lesotho, this article uses Google Earth
high-resolution image as the reference image for geometric cor-
rection, and geometric errors of its own will to a certain extent af-
fect the geometric correction accuracy.
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