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Fig.1 Process of GF-1/WFV block adjustment
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Table 1 GF-1/WFV images of test area
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B WG AR S S gy SRR SR

Region Image ID Image sensor and track number Acquisition Roll/(°) Number of ground Number of tie

time control points points

VR A X ek 1 GF1_WFV4_E116.4_N40.2_20141102_L1A0000427926  2014-11-02 6.99 4 12
Mixed region 2 GF1_WFV4_E117.0_N40.1_20150119_L1A0000599016  2015-01-19 0.01 4 12
PR 3 GF1_WFV2_E116.6_N37.6_20140517_L1A0000227348  2014-05-17 15.57 10 27
Plain region 4 GF1_WFV3_E114.7_N37.3_20140526_L1A0000235688  2014-05-26 8.79 10 27
X 5 GF1_WFV1_E106.7_N34.7_20140326_L1A0000190300  2014-03-26 26.63 7 28
Mountainous region 6 GF1_WFV1_E108.2_N34.7_20140314_L1A0000183018  2014-03-14 2.00 7 28

B2 GF1TIE WFV B4 EECEREELE. 248 805 TR oA

Fig.2 Coverage area of GF-1/WFV images and spatial distribution of tie points control points and check points
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8.5147 1%, Hilh RPC 45 ML, RIASIER K
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Table 2 Residual of connection points and GCPs in different terrain

ERES BBl il RPC -2 TR P2 A EEDCH T2
X 5k Number  Number of s Adjustment of original RPC Bur_ldle block ad]ust_ment Bun_dle block adjus?ment
: b . with no control points with  control points
Region of tie ground Residual error — —— —— — p—— ——
points  control points 51 HUJ5 T AT I5 1 yan (Al B )
Line/pixel  Sample/pixel Line/pixel Sample/pixel Line/pixel Sample/pixel
A IR XA Max. 0.6458 2.1013 0.6053 0.7130 0.7146 0.9704
Mixeud reg}on 14/ 2 5 /ME Min. 0.0002 0.8378 0.0207 0.0380 0.0255 0.0594
Hhi% % RMSE 0.3130 1.3681 0.3046 0.3677 0.3648 0.4760
X IR XA Max. 2.1270 1.9829 1.3446 0.6481 1.3926 0.5532
Plair;‘region 27 10 f/ME Min. 0.0256 0.8010 0.0000 0.0197 0.0097 0.0008
HHi % RMSE 1.5080 1.4139 0.4674 0.2849 0.5041 0.2231
i K Max. 2.6004 1.1737 1.2996 0.8268 1.1431 0.6941
Mountainous region 28 7 e/ IME Min. 0.5421 0.0058 0.0072 0.0142 0.0120 0.0053
tHi% 72 RMSE 1.1869 0.4195 0.3365 0.2889 0.3605 0.2738
*3 FRMEEZFHNRERESIRESE
Table 3 Residual error analysis for check points in different terrain
Tod DA Y - 2 A IR 2

5l RPC 145

W [ORSI=EA4 5 RPC Bundle block adjustment Bundle block adjustment
Region Number_of Residual error _ i /YVIth no control pqmts /HWIth control pOIrT[S
check points 17751 75 ) 17751 75 ) 17751 5175 1]
Line/pixel  Sample/pixel  Line/pixel  Sample/pixel  Line/pixel  Sample/pixel

A X I KAH Max. 6.1908 5.8153 3.2673 1.0448 0.5205 0.6208
Mixeud reg(ion 8 /M Min. 2.4500 3.7708 2.0792 0.5470 0.4190 0.3520
i % RMSE 3.9052 4.8539 2.7765 0.7715 0.4806 0.4954
TR FRAH Max. 12.0231 3.4992 3.8308 11.7706 0.9443 0.7473
Plair/1\region 8 e/ ME Min. 10.7585 2.2214 2.5538 9.7238 0.2289 0.0899
i % RMSE 11.3084 2.7709 3.0772 10.7516 0.4717 0.4039
LK I K1H Max. 7.0592 3.2451 2.5387 8.9895 1.2949 1.0222
Mountainous region 7 I/ MH Min. 5.4592 1.9595 0.9530 7.39234 0.0122 0.1245
17 % RMSE 6.5864 2.4960 1.7908 8.5147 0.6704 0.6323
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Table 4 Contrast of calibration results based on RPC and space intersection and block adjustment

s s 4y A% J54h RPC 41 [X 45k P9 S 22 T 5
e k2= Origin GF image RPC Bundle block adjustment
Region Residual error A7 75 1) B J5 1) 17751 H11 75 1) AT 751 51175 )
Line/pixel Sample/pixel Line/pixel Sample/pixel Line/pixel Sample/pixel
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Mixed region : ’ ' ’ ’
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S 5 X o .
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Table 5 Adjustment accuracy in elevation constraints of different

resolution DEM
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[X J; s — — — —
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Fig.3 Contrast of calibration in plain and mountainous region
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Geometric correction of GF-1 satellite images based on block adjustment
of rational polynomial model

Liu Jia, Wang Limin, Yang Lingbo, Shao Jie, Teng Fei, Yang Fugang, Fu Changhong
(Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: GF-1 satellite was launched successfully in April 2013, and its wide field view (WFV) images have been widely
applied in agricultural remote sensing monitoring practice in China. To obtain high precision of image positioning, the paper
proposes a correction method for acquiring higher geometric positioning precision based on block adjustment method to
correct rational polynomial coefficients (RPC) of high resolution WFV. A business process including adjustment model
construction, adjustment parameter calculation and geometric registration based on reference images has been formed. Firstly,
affine transformation relation among images, namely, a block adjustment model, has been built based on the relationship
between the RPC parameter image points and ground points; secondly, initial value of connection points is identified, and
combined with a few ground control points, the affine transformation coefficients of various images are calculated so as to
conduct the image block adjustment. Meanwhile, orthoimage is produced based on adjustment results and DEM (digital
elevation model), and the correction result with sub-pixel accuracy is achieved. The calculation of adjustment parameters is
achieved through 2 steps. The first step is to identify the initial value of the connection point. By utilizing one degree term of
RPC model, the plane coordinates of the connection points are iterated and updated, till they converge to a stable state. The
elevation values are extracted from DEM; the second is to identify affine transformation parameters. The updated connection
points with a few ground control points are entered into block adjustment model to establish error equation. The elevation
values acquired from DEM are taken as a constraint condition, and the relevance between plane coordinates and elevations is
eliminated to ensure that the block adjustment model works. Meanwhile, the unknown variable is calculated by using the
point-by-point elimination method. The block adjustment results under 3 different conditions of mixed terrain, plain area and
mountainous area show that, the adjustment results of whole connection points have a relative higher positioning precision,
with the errors of 0.3046, 0.4674 and 0.3365 pixels respectively at the row direction, and with the errors of 0.3677, 0.2849 and
0.2889 pixels respectively at the column direction; block adjustments with a few control points have very high absolute
positioning precision, with the errors of 0.3648, 0.5041 and 0.3605 pixels respectively at the row direction, and with the errors
of 0.4954, 0.4039 and 0.6323 pixels respectively at the column direction. Finally, under the support of base control map of
agriculture application, the geometric registration of raw images, RPC correction images, and images after block adjustment is
conducted, and the geometric correction precision under different input image conditions is analyzed. Only images after block
adjustment have reached correction precision of sub-pixel. The errors at the row direction under 3 conditions of mixed terrain,
plain area and mountainous area are 0.6857, 0.6664 and 1.0646 pixels respectively, and those at the column direction are
0.4342, 0.4696 and 0.5609 pixels respectively, indicating that the research method proposed by this paper can achieve accurate
geometric correction under the condition of a few control points, though there is no significant improvement compared with
the precision before geometric correction. After comparing the DEM with different resolutions in the model, we find that the
precision of DEM affects the correction result. Applying higher resolution in mountainous areas can achieve better positioning
precision. The above results show that this method can effectively improve the geometric correction precision of WFV images
of CF-1 satellite, and it has been preliminarily applied in the operation of agriculture remote sensing monitoring.

Key words: satellites; remote sensing; image processing; GF-1 satellite; rational function model (RFM); block adjustment;
point-by-point elimination method



