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Table 1 Observations overview

Epoch (UT) Size (pixel) Exposure (s) Image series Stars Frames
2006-08-01 1024 x 1024 2.6 N1533083910-N1533095430 ~130 7 % 10
2008-09-28 1024 x 1024 2.6 N1601334486-N1601342286 ~130 7x7
2010-01-04 512 x 512 82.0 N1641293235-N1641299259 ~320 25
2014-11-03 512 x 512 220.0 N1793710214-N1793753305 ~140 51
2016-01-21 512 x 512 46.0 N1832037163-N1832083123 ~830 69
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Figure 1

(a) Distributions of { O-C) s with Gaia-G magnitude in x-axis by the series images of N1533083910-N1533084270 at epoch 2006; (b) right

panel shows the distributions of { O-C) s with Gaia-G magnitude in y-axis by the series images of N1601342046-N1601342286 at epoch 2008. The line

is shown by the linear fitting in each panel.
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Figure 2 The left and right panel show the distributions of (O-C)s in x-axis and y-axis with Gaia-G magnitude for the observations for comparison,
respectively. In each panel, an open circle shows an individual (O-C) of a star. The red and blue plots show the mean of (O-C) of Zhang et al. [15] and
this work in segments and the error bars show the corresponding standard deviations.
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Figure 3 (Color online) The left and right panel show the standard deviations of ( O-C)s in x-axis and y-axis with Gaia-G magnitude for frames in

comparison, respectively. The solid lines are fitted by sigmoidal functions.
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Figure 4 The vector graphs of geometric distortion residuals. For each panel, a factor of 1500 is used to exaggerate the magnitude of each vector. The
information of epoch and numerical information is shown above each panel.
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Table 2 Parameters of numeric expressions for eq. (2)

Items Parameters in f; Items Parameters in f, Items Parameters in f; Items Parameters in f,

ay 0.5605 by 0.1183 ap; —-0.2092 bys 2.3243
as; 0.0197 by 0.0539 ay —0.2286 by 0.5012
ay 0.2241 by, —0.2685 ap —-0.7503 by —1.5865
ap —0.0431 b3 0.4869 ag, —-0.3322 by, —1.8966
agy 0.1193 boy —-0.9057 ay 0.3357 by 0.8047
a —0.4546 bsg —-0.3124 ag, 0.3585 by, 0.9765
ay —0.3859 by 1.5833 ag —0.0645 boo 0.2523
ap 0.9899 b, —0.5454 - - - -
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AEKR, p 1% 3 A I R F(Binning Factor). 40, 7£1024 —ANCE AT EZEOweniZ I IR, OwenT
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Figure 5 The vector graphs of geometric distortion models. The panel of the top left is the model of Owen in 2003 and other panels present the
models solved by the observations at different epochs. For each panel, a factor of 1500 is used to exaggerate the magnitude of each geometric distortion
vector. The information of epoch, maximum, median and minimum of the values are shown above each panel. The top three panels are in the 1024 x
1024 pixel image, while the bottom three are in the 512 x 512 pixel image.
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Table 3 The table shows the maximum, median and minimum of the geometric distortion models of Owen and from the observations at five

different epochs in the 1024 x 1024 pixel image

Model Epoch Maximum (pixel) Medium (pixel) Minimum (pixel)
Owen 2003 0.389 0.076 0.000
2006 0.161 0.029 0.006
2008 0.180 0.036 0.005
2010 0.172 0.042 0.012
This work
2014 0.184 0.040 0.006
2016 0.222 0.040 0.004
Total 0.184+0.023 0.038+0.005 0.007+0.003
0.1px — 0.1px
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Figure 6 The solved mean geometric distortion model and the difference model between the mean model (a) and Owen’s model (b), respectively in
the 1024 x 1024 pixel image. A factor of 1500 is used to exaggerate the magnitude of each geometric distortion vector in each panel.
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Table 4 The comparison of the results of accuracy using different plate models of the observations at five epochs

(O-C) _sep In X (pixel) In Y (pixel)
Epoch 4-para 30-para 4-para_ GDC 4-para 30-para 4-para_GDC
2006 (<13 mag) 0.024 0.018 0.014 0.041 0.021 0.014
2008 (<13 mag) 0.030 0.020 0.013 0.040 0.027 0.017
2010 (<15 mag) 0.023 0.014 0.016 0.032 0.021 0.022
2014 (<16 mag) 0.023 0.019 0.020 0.028 0.018 0.020
2016 (<15 mag) 0.024 0.018 0.018 0.026 0.017 0.019
F5 AR P AR VA 545 SRR FEAE TS G e BRI EE R
Table 5 The comparison of the results of precision using different plate models of the observations at five epochs
STD In X (pixel) In Y (pixel)
Epoch 4-para 30-para 4-para_GDC 4-para 30-para 4-para_ GDC
2006 (<13 mag) 0.050 0.044 0.043 0.044 0.033 0.034
2008 (<13 mag) 0.050 0.045 0.044 0.043 0.037 0.035
2010 (<15 mag) 0.033 0.033 0.032 0.044 0.043 0.043
2014 (<16 mag) 0.050 0.042 0.048 0.043 0.036 0.041
2016 (<15 mag) 0.042 0.038 0.039 0.062 0.057 0.060
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Improved astrometric calibration of Cassini narrow angle
camera images and its accurate geometric distortion model

GUO BiFeng'”, PENG QingYu"”’, LU Xing"” & HAO JiaNan'"’

: College of Information Science and Technology, Jinan University, Guangzhou 510632, China;
* Sino-French Joint Laboratory for Astrometry, Dynamics and Space Science, Jinan University, Guangzhou 510632, China

The astrometric calibration of images taken from the China Space Station Telescope (CSST) is the key technique for
preparing the CSST, which should start scientific operations around 2024. Taking the astrometric calibration of Cassini
ISS images as an example, we hope to provide a reference for the images taken from the CSST. Observations of Cassini
narrow angle camera with different orientations and pointings at dense star fields over five epochs (epochs 2006, 2008,
2010, 2014, and 2016) are used to perform astrometric reduction and to derive accurate geometric distortion models. For
each frame, the star image centroids from the modified moment method are matched with the newest Gaia DR3 catalog
and calculated to their topocentric apparent positions. Then, we reduce the observations using a fitted weighted fourth-
order polynomial plate model and correct the effect of the charge transfer efficiency (CTE) issues (if they exist). To
derive the geometric distortion model at each epoch, a weighted four-parameter plate model is used to calculate and
derive the (O-C)s (the observed minus computed) of stars. We calculate the median of the (O-C)s in each area of a
divided 8 x 8 box in the pixel coordinate after considering the effect of CTE. Finally, we fit the geometric distortion
model at each epoch. Compared with the reduction results of Zhang et al. (2021), our results show a considerably
improved precision of the stars. For brighter stars (e.g., 11-12 mag with an exposure time of 2.6 s), the standard
deviations of the mean (O-C) are ~0.04 and ~0.03 pixels (approximately a 0.5- and 1.0-fold improvement, respectively)
on the x- and y-axes, respectively. The geometric distortion models are stable over the five epochs. In the 1024
x 1024 pixel image, the maximum, median, and minimum of the geometric distortion values are 0.184+0.023, 0.038
+0.005, and 0.007+0.003 pixels, respectively, which differ from Owen’s model in 2003. The mean geometric distortion
model, as well as the correction method, is given in this work.

space telescope, astrometric calibration, CCD image processing, astrometry, geometric distortion
PACS: 95.10.Jk, 95.55.Aq, 95.55.Fw, 95.75.Mn, 95.75.Pq
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