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Table 2 Comparison of precise focusing ratio with noise

disturbance unit: %

Noise o 1 2 3 4 5 10
: 5
percentage /%

FWHM 90 90 88 88 8 86 84
HFD 94 94 92 92 90 90 88
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IRAF 98 98 98 98 96 94 94
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Table 3 Comparison of computing time of four algorithms

unit: s
Parameter Min time Max time Mean time
FWHM 22.4 38.9 32.4
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IRAF 32.4 48. 6 45.7

M 3 AT, 5 A 3 R B A LR AR, AR Y
HFD-TCA 5575 9 1T 55 0 (B 4 8, S0 B P e i, #H HE T
HFD 75 SEmF M 4E FF 1 345 2247 . FWHM ik R 76 )
R AT LA RE TR A &2 S AR F
KB T 32.4 s, & HED-ICA #E I 49 29 6. 89 1% . T k&
T 72 A SMH X 82 R B TRAF 311 4, HE S 24 4 B0
K 45.7 s, 5= HFD-ICA ¥ 3 105 . W5 IRAF
1 T A SO IR £ AR R T B AR L BN A A e s
[E] B Ar 2 55 B (I AR 46, AN A 1~2 mino G0 5% 8 £ 9 52
AP 5 AN 2], 2 Bl e i H AR R UL

25 FAYHE, A SCHE B HED-TC A V& 8 B2 5 B v
PUMEPERE LT, W 2 AR S SRR HLAT I S A A

6 4k 1w

B B 2 R A A TG T T R A Bk adt
T T W58, i RO EE T HFD-ICA L TEH8 &
1.2 m B s R 5 H shE R, Bk ia s &, Sk
Ut e Ak BRI 26 7 AR G AR i . 12 R H R ek it
FEOHG B HED ¥R RE B A BT 71, Hoks i e |2 R
55K B R SC G b 3R IRAF A5, 3388 T
98% o SRR T U AR A b 7 35 40 B A K AR
4.7 s, FEMF N IRAF BY 1/10, 1 /2 78 £ 2 45 10 S ik 2
Ko M B GEER T B £ A BIF T Al R S
WEEROCR KRB & 37% , fF—E R E LRk G4
F Sl AR 00 B T S L () At o A R B R S
AR T S% . F— PR8I0 E 2 Bk
T, I8 A BRI E B ST S i —
A A R AR B

& £ x w

(1] e, XM, 22, 55 KRG S R B & L E
G55 R 0] 62241, 2021, 41(16): 1628003.

Huang G X, Liu Y P, Peng H, et al. Remote sensing image
restoration method based on Lorentz fitting point spread function
[J]. Acta Optica Sinica, 2021, 41(16): 1628003.

(2] iR, RADAk, 200, 45 . & KCH A BRIOEI IR AT 58
g ]t EOE, 2019, 46(1): 0104004
LiY Q, FuHL, Li R W, et al. Research and experiment of
lunar laser ranging in Yunnan observatories[J]. Chinese Journal
of Lasers, 2019, 46(1): 0104004.

(3] ZEMeate, R . — Rk T G0 b L 3T f 9 K SC I B A 3
RG] RICIFEHHEA, 2008, 5(3): 294-298.

Li XY, Zhu Q S. An automatic focusing system of astronomical
telescope based on image definition evaluation[J]. Astronomical
Research & Technology, 2008, 5(3): 294-298.

4] ®&, FaF, SR, 5 MR SCRIE R A shi D] b
K59 TR, 2015, 23(1): 174-183.

Huang 1., Xin L P, Han X H, et al. Auto-focusing of wide-
angle astronomical  telescope[J].  Optics  and
Engineering, 2015, 23(1): 174-183.

(5] Al W, SRub, X047, 45 ) Al B 51 92 IN 2 i £ 1 T i
JEVEAN 5 R (0. 6% K58 LR, 2017, 25(5): 1368-1377.

Yuan J H, Cai H B, Liu Q, et al. Definition evaluation method
for real-time auto-focusing of wide-angle telescope[J]. Optics and
Precision Engineering, 2017, 25(5): 1368-1377.

[6] Weber L, Brady S. Fast auto-focus method and software for
CCD-based telescopes[EB/OL]. [2022-04-13]. https://www.
cedware.com/Files/ITS % 20Paper.pdf.

(7] T, A, AR, A5 a3 (i) H AR O I BE £ R K R IR B
ST WOk 5204k, 2018, 48(12): 1451-1457.

Men T, Chen Z, Xu R, et al. Development status and tendency

Precision

of space target laser ranging technique[J]. Laser &. Infrared,
2018, 48(12): 1451-1457.

(8] AL, P30, L, % A H SRR AR A
SEEHORLI] B4R, 2020, 40(5): 0528002.

Tan W, Qi W W, He H Y, et al. An on-board autofocusing
method for scanning agile remote sensing satellite[J]. Acta
Optica Sinica, 2020, 40(5): 0528002.

[9] Tang P Y, LiuJ J, Zhang G Y, et al. Automatic focusing
system of BSST in Antarctic[J]. Proceedings of SPIE, 2015,
9678: 967816.

[10]  HEWGOR, A8, 284, 5 w5 m AOBR 2% BRI 45 1) 5 1 5

0612006-9


https://www.ccdware.com/Files/ITS%20Paper.pdf
https://www.ccdware.com/Files/ITS%20Paper.pdf

& 43 % & 6 H1/2023 £ 3 B /KR

WG FE 43 B [T, RS04, 2018, 59(2): 51-61.

of IKEEE, 2015, 19(1): 1-9.

Kang H R, Zuo Y X, Lou Z, et al. Accuracy analysis of the [17] Mark G, James T, Brian G, et al. GSLCPP: a header-only,
pointing and focusing calibration of the 5 m terahertz telescope Modern C+ +-library wrapping the GNU scientific library[EB/
for dome A in Antarctica[J]. Acta Astronomica Sinica, 2018, 59 OL]. (2007-07-02) [2022-04-17]. https://www. gnu. org/
(2): 51-61. software/gsl/doc/html/index.html.

[11] Miyashita K. Half flux diameter-applicate to determination for [18] Umar A O, Sulaiman I M, Mamat M, et al. On damping
faint star event[EB/OL]J. (2007-10-01) [2022-04-13]. htips:// parameters of Levenberg-Marquardt algorithm for nonlinear least
astro-limovie. info/occultation _observation/halffluxdiameter/ square problems[J]. Journal of Physics: Conference Series,
halffluxdiameter_en.html. 2021, 1734(1): 012018.

[12] 9%, s B W, 25000, 55 . ocadk 0 B B2 1 (R0 O B2 3T [19] Vaishnnave M P, Devi K S, Srinivasan P, et al. Detection and
Bk ok 5ot ek, 2021, 58(22): 2211001. classification of groundnut leaf diseases using KNN classifier
Zeng H F, Han C P, Li K, et al. Improved gradient threshold [C]//2019 1EEE International Conference on System,
image  sharpness  evaluation  algorithm[J].  Laser & Computation, Automation and Networking, March 29-30,
Optoelectronics Progress, 2021, 58(22): 2211001. 2019, Pondicherry, India. New York: IEEE Press, 2019.

[13] Xie M H, Wang Z M. Anisotropic nonlinear diffusion approach [20]  WFm A, XUIZ3R, 2ok S0, 25 BOBEAH L 1% DS R R 5 3
to single image resolution enhancement[J]. Optoelectronics ey E KT e, 2020, 40(1): 0111004
Letters, 2005, 1(2): 144-147. Xie X S, Liu Y K, Liang H W, et al. Speckle correlation

[14]  Otsu N. A threshold selection method from gray-level histograms imaging: from point spread functions to light field plenoptics[J].
[J]. IEEE Transactions on Systems, Man, and Cybernetics, Acta Optica Sinica, 2020, 40(1): 0111004.

1979, 9(1): 62-66. [21] Weisstein E W. Hyperbola-from MathWorld: a wolfram web

[15] Arbabmir M V, Mohammadi S M, Salahshour S, et al. resource[EB/OL]. [2022-04-13]. https://mathworld. wolfram.
Improving night sky star image processing algorithm for star com/Hyperbola.html.
sensors[J]. Journal of the Optical Society of America A, 2014, [22] Courant R, Robbins H. What is mathematics? An elementary
31(4): 794-801. approach to ideas and methods[M]. 2nd ed. London: Oxford

[16] Lee S, Cho K. Design of sub-pixel interpolation circuit for real- University Press, 1996: 75-76.
time multi-decoder supporting 4K-UHD video images[J]. Journal

Sharpness Evaluation Algorithm Based on Real-Time Automatic
Focusing of 1.2 m Telescope System
Yang Mengxue'’, Li Zhulian"’, Li Rongwang"’, Li Yugiang"’
'Yunnan Observatories, Chinese Academy of Sciences, Kunming 650216, Yunnan, China;
‘University of Chinese Academy of Sciences, Beijing 100049, China;
‘Key Laboratory of Space Object & Debris Observation, Chinese Academy of Sciences, Nanjing 210034, Jiangsu,
China
Abstract
Objective As a precise optical instrument, a telescope is subject to changes in its focus position due to atmospheric

disturbances, temperature changes, and installation errors. If real-time focusing is not performed, the image may be
distorted, which would seriously affect the tracking and measurement effects of the telescope. With the improvement of
the intelligence level, automatic focusing technology is applied to the focusing of the telescope system. The algorithm to
evaluate the image sharpness is the key to the decision of the focus position of the telescope's automatic focusing
technology, whose performance directly determines the accuracy of automatic focusing. The traditional algorithm for
evaluating the focusing of a telescope is implemented on the basis of statistical analysis, which can hardly ensure the real-
time performance and noise immunity of astronomical images. Most of the existing algorithms have relatively poor
performance, and it is difficult for them to extract target features from the captured images of high-speed moving targets.
Moreover, it is often impossible to evaluate the engineering level of algorithms and hardware due to insufficient hardware
experiments on the system. To solve the above problems, this study proposes a half-flux diameter real-time auto-focusing
sharpness evaluation algorithm with improved centering accuracy (HFD-ICA). The algorithm has a low cost, high real-
time performance, and good stability and is suitable for the focusing of most telescope systems. It is expected that this

method can improve the autofocusing performance of telescopes and provide references for research in related fields.

Methods
method. Then, the denoised image is binarized by the Qtsu threshold method, and the target star is extracted from the

First, the acquired raw image sequence (defocus-focus-defocus) is denoised by the anisotropic diffusion

background. Upon binarization, the pixels adjacent to the target are clustered, and the boundary of the target is calculated
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to obtain the target region of interest (ROI). According to the determined ROT domain, the improved intensity-weighted

centroid (improved IWC) method is used to iteratively calculate the centroid of the star image until the centroid reaches the
accuracy level of sub-pixels. After the centroid is determined, the half-flux diameter (HFD) value of the star image is
measured by the HFD-ICA method, and the hyperbolic fitting method is used to further process these values. The V-
shaped curve that guides the focusing of the telescope can be drawn, and the focus position of the telescope can be

determined.

Results and Discussions The HFD value measured by the proposed algorithm is V-shaped with the focus position, and
the V-shaped curve represents the characteristics of the optical system consisting of the focus, telescope, and camera (Fig.
13). The focusing accuracy of the HFD-ICA algorithm is high, and its fixed focus rate is equivalent to that of the high-
precision astronomical image processing software IRAF, both reaching 98% (Table 1). The anti-noise performance test of
the algorithm shows that after the addition of a small amount of noise, the gray value around the star point changes, which
interferes with the processing performance of the algorithm, and the precise fixed focusing rate of the algorithm is affected
to a certain extent. In comparison, the anti-noise performance of HFD-ICA is the best (Table 2). Furthermore, compared
with other algorithms in terms of operation time, the HFD-ICA algorithm has a faster calculation time and the best real-
time performance. Compared with the results of the HFD method, the real-time performance is improved by about four
times. The full width at half maximum (FWHM) method takes a lot of time because it requires curve fitting during
measurement. The average processing time reaches 32.4 s, which is about 6. 89 times that of HFD-ICA. The software
IRAF with relatively high processing accuracy has an average processing time as high as 45.7 s, which is nearly 10 times
longer than that of the HFD-ICA method (Table 3).

Conclusions This paper mainly studies the algorithm for evaluating the image sharpness under the automatic focusing of
telescopes. The experiments verify that the HFD-ICA method is stable, efficient, and robust and can handle the image
frames seriously out of focus when it is used to guide the automatic focusing of the 1.2 m telescope system. Compared
with the HFD method without improved centering accuracy, the algorithm has improved performance, and its precise fixed
focusing rate is comparable to that of the high-precision astronomical image processing software IRAF, both reaching
98%. The average processing time of the algorithm in the process of guiding focusing is only 4. 7 s, 1/10 of that of IRAF,
which meets the real-time requirements of the focusing system. Compared with the case of the system's original manual
focusing, this study improves the system's average focusing efficiency by roughly 37%. To a certain extent, the research
lays the foundation for the fully automated observation of future stations and also provides a reference for the automatic

focusing of other telescope systems.

Key words measurement; autofocus; telescope; image sharpness; evaluation algorithm
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