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Fig.1 Schematic of the circular aperture at the edge of the segmented mirror
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Fig.3 Cross—correlation curve of diffraction spot with piston of 0.112 and template pattern
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Fig.7 Optical detection scheme of the two—segmented mirror system
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Table 1 Optical parameters of the two—segmented mirror system

Parameter Symbol Value

Diameter of primary mirror D/mm 300.0
Radius of curvature R/mm 2 000.0
Sampling aperture size LXL/(mm>Xmm) 2.2X2.2

Focal length of micro-lens array J/mm 209.0

Focal length of collimator lens Ji/mm 125.0

Pinhole diameter d/pm 10.0

Detector resolution pXp/(pixel X pixel) 2 048%2 048

TR A tip , tilt 15 22 I 2 ) 55 N AR SR A T LR EAT 2 D 4 T B A AE URE R, A B S-H 4R
085 1% U 90l T R X LA 90 TR 2 A A AR b P A R AR T RN T AR T B A DI BE R B 2 AR T
BB U e WAL o 1 T B R R L AR AT SO BE A B0 I A% L IR IR RS HOR R A R e
SRR R 2, e 2 I 2 SR T N TR 10 A FLAR I B AR 0 - 4

TBE Y piston s M ] BF 48 30 2 4 19 54> T ALAR RN AY , RAEFLAR 2 7B B9, B8 A2 i piston A —A/4 2]
A/A TSR N A J5 FLAT S RIRR VR D Bl . RS0 X RS ol B 10 S P AN A L A B LR B IS R B 1
B G B R AR 1 o AE T A SR I T T S S B AR G AT S, BN S B RMS
AE A% 4E 1575 6.15 nm, N L ) 38 BN [ —2/4, /4 1RG22 4R8I0 e 32 0 42 1 v BB 4% 3l 12 1~ B8 30 ks 2 AR AL Y
.

T 5 28 G819 120 G5 A% I e 2R A P ) P2 A A Fi 2 o 5 4 T B R 4 R 48 (D-E30.100 B4 FLA H
AL S  E-E12.009 B AL K07 HLAR Je v Je fb BB ST ) | A AR 19 3l 539 B Dy 2250 pm, 23 B304 1 nm,
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Fig.8 Schematic diagram of the optical device arrangement of the two-segmented mirror system
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Fig.9 Piston generated by actuator displacement, piston measured by PSF cross—correlation detection method, and edge sensor
readings
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Fig.10  The residuals of the measured values of the piston and PSF cross—correlation method and the measured values of the edge
sensor generated by the displacement of the actuator
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Table 2 Statistics of the residuals of the measured values of the cross—correlation
method between the actuator and the PSF

Actuator step size Mean/nm RMS/nm PV/nm
Step size of 5 nm 0.26 2.17 7.94
Step size of 10 nm —0.23 2.32 8.19

R3 RIBESHGERBNEENRESRIHE

Table 3 Statistics of residuals of actuator and edge sensor measurements

Actuator step size Mean/nm RMS/nm PV/nm
Step size of 5 nm —0.48 2.53 8.12
Step size of 10 nm 0.21 2.36 8.03

32 ETPSFRGRMMEZHIEH LW

F| H 4Dtechnology 1 ¥ A% Xt S—H #£ I £ 09 0 20 48 WOKS B2 2 47 7 2 b F0PF Ak, AT A0 8 D0OKS B2 o
0.014"™, Sz vh | piston 15 22 ZRM HEE AR 1975 22 4 0.35 nm, 87 4R I 72 R 19 )7 22 4 0.005” , B 5% 5
WS AR 1% 0 45 SR AT O 347 300 G R0 R R I 7 AR 24 R 2.5 Hzo

T PSE 9 i1 S BRI B AR 30 S A% s, I 45 A MR I 78 W6 B8 R 48 1 P T 300 min (1 32 3 P BR 45 1
SIS . AR FOIRAS T tip (tilt iR 22 19 PV AE S 514 0.048” .0.056" , tip | tilt 3% 2% [l RMS 43 54 0.01” ,0.009" , [4]
PR 9 0.24 Hzo PR 45 AUIE, FH 4D 35400 9 B2 28 48 1 T JEA7 A, 151 11 (a) S B4 B2 1 T
WAL, 11(h) i R 22 1 RMS 4 18.73 nm, PV 4 102.32 nm . 145 5 3E B W 55 R G508 1 £ a4,
BT PSF Y3 S B0 45 G 50RO DU B8 62 45 B 52 e 5 107 5 RS B 728 Ak, 38 Jek PR B 4 1 e 8 44 D 402 1 1 1l B
22 1Y RMS 48+ 7E 18.73 nm.

T B AL 1 HASFALAR B 2 (1 piston 53 3 Py Py Py Py Pso [ 12(a) M 326 v P, AR fL, 32
4 g P R A o AR A Y RMS FTPV AR . AR 19 RMS Fil PV BB TE 7] — A 7K, X A BRI 5 1
RMS FI PV {HFEAT V34, 0T LIAG 3 3 4 v i %8 B2 SRR BE 9 RMS 24 6.33 nm, PV {A )y 37.23 nm.,
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(a) Interference fringes of the segmented mirror (b) Surface figure of the segmented mirror
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Fig.11 4D interferometer measurement results
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(a) Piston for PSF cross-correlation detection (b) Measured values of edge sensors
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Fig.12 In closed-loop control, the change of the detected value of the PSF cross—correlation detection method and the change of
the measured value of the edge sensor
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Table 4 RMS and PV values of five edge detections

Edge height RMS/nm PV/nm
P, 6.41 37.53
P, 6.23 36.81
P, 6.17 36.12
P, 6.34 37.17
Ps 6.51 38.51

TE P B4R b, WA 320 G % SR 3 M B I ) A2 A, i 1] 12(h) L 35 1A i S A% 8 2 I 4 {9 RMS Oy
11.19 nm, PV {E 2y 66.21 nm ; 5% 2 > 30 Z¢ A% &% I (6 19 RMS 28 24.94 nm, PV {2y 94.53 nm, 7£ 300 min
189 P B 1 v B 24> 300 A% SRS 1) I e (A A IR AL L 2 6 31 160 min P, I (i 1 BL G248 A2 4K , 160 min
I AR ZE R, DRI 5 00 [0 IR RS, 495 2R 3 W 3 G 1 R 2 52 B B 058 45 TR 3R AR5 ), ) e VLA A AN R E 1Y
[R50, DA] O R 300 5% A2 TR R A 6L J) 2T ) 5 s e o XY o
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Experimental Research on Calibration of the Segmented Mirror Edge
Sensors Based on Point Spread Function

WANG Bin"?, DAI Yichun', XU Fangyu', JIN Zhenyu'
(1 Astronomical Technology Laboratory, Yunnan Observatory, Chinese Academy of Sciences,
Kunming 650216, China)
(2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The 8—meter ring segmented primary mirror is one of the important alternatives for China Giant
Solar Telescope plan. The active control technology of the segmented mirror is the key to realizing the high
spatial resolution of the segmented solar telescope. In the active control of the ring segmented mirror, high
precision edge detection and tip/tilt detection are important factors in determining the co-phase
maintenance of the primary mirror. In the current CGST active segmented scheme, the piston error of the
segmented primary mirror is detected and corrected by the electromechanical edge sensors. However, in
solar observations, the daytime temperature fluctuates greatly, and the primary mirror surface is affected by
solar thermal radiation to generate temperature gradients. The primary mirror temperature control is
required to improve mirror seeing. The temperature of the telescope truss system will also change due to
the influence of thermal radiation. Therefore, the complex observation environment of the solar telescope
will cause the zero—point drift of the electromechanical edge sensor, which will gradually increase the figure
error of the primary mirror and will not be able to maintain the co—phase for a long time. To solve the
problem of the unstable zero—point of the electromechanical edge sensor in the solar telescope, it is
necessary to find a short—period calibration method for the electromechanical edge sensor, and the
calibration period is about tens of seconds to several minutes. The accuracy of edge detection is better than
5 nm, and CGST can achieve the co—phase maintenance of the primary mirror in visible or near infrared.
Therefore, the calibration accuracy of the edge sensor needs to be better than 5 nm. The optical co—phase
detection technology detects the figure error of the primary mirror and the phasing error, and measures the
absolute position of the segments. The short-period calibration of edge sensors of segmented solar
telescopes using the optical detection technology is an optional solution. In this paper, in order to verify the
feasibility of short—period calibration of edge sensors with the optical detection technology, edge detection
research based on point spread function is carried out. Cross—calibration experiments are carried out using
actuators, edge sensors and point spread function cross—correlation detection. The detection error level of
this method is evaluated, and an active control experiment based on point spread function edge detection is
carried out on a two—mirror system. In the 5-hour active control experiment, the RMS of the tilt/tip
change of the segmented mirror is maintained at 0.01” , the RMS of the edge height change of the
segmented mirror is maintained at 6.33 nm, and the RMS of the figure error of the segmented mirror is
maintained at 18.73 nm. The experimental results show that the optical edge detection can accurately reflect
the change of the position state of the segments in the active control, and the edge detection accuracy is
better than 5 nm. The edge detection accuracy and detection frequency based on the point spread function
satisfy the short—period calibration of edge sensors. The research results provide a reference for the active
maintenance of the ring segmented solar telescope in the near infrared or visible light.
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