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Abstract The scanning Hartmann technology is a commonly used method to detect the imaging quality of large-
aperture telescopes; however, the detection performance of different-order aberrations and the detection accuracy
under different sub-aperture distributions remain unclear. Therefore, we develop a simulation model using Matlab
and Zemax to study detection performance of this technology. The simulation results show that the highest 28"-
order aberration can be detected using the scanning Hartmann technology and that the root mean square (RMS)
relative error is less than 5%. Further, it is difficult to distinguish the high-order aberration component when
detecting multi-order aberrations. The usage of tangent sub-aperture distribution can better balance the detection
accuracy and efficiency. The usage of a large number of sub-apertures can effectively increase the detection accuracy;
however, the accuracy is slowly improved after the number of sub-apertures is increased to a certain number, while
the detection time is greatly increased.
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Fig. 1 Principle of Shack-Hartmann sensor™ . (a) Spots

of flat wavefront; (b) spots of wavefront with

aberration
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Fig. 2 Diagram of testing process of single sub-aperture
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Fig. 8 Detection effect of low-order aberrations. (a) Reference aberration; (b) recovery aberration

PRI (AR 2645 BARRXT 3D s ’EU) 7 FLAR 0 A b, AR AR
TR ZRE DI & BB RS  AAH — Az B
WX E P TR D2 T
LA A v M AR T FLAR 22 (B A7 A6 2 S X3, X 7 11
i TR DX Sl 7 4 B o, SRR T AR R K H H S R 3
TR,

TE R Zernike M L AT B8k £ L IR B #8E =X
(20 BY LAY IR A 38 9 R AT A B AR 22 16 =
P FFLAR AL TR 0 X R G AT R, A T
37 B Zernike B HEATHE AF & 11 FroR 09 05 B
g5, K 11 AT LVE B, B b 1 LA 0 A 1 52 kG

JERAR, BARBE R B FE R 2 IR B 5 2% %
HIAY RMS MR 22 4 23.6 % & 545 5 LF A Al
JH s 78R HIAR Y] ¥ FL AR 3 A F0 %5 4R 1 FLAR 20 A (9 1%
BUF, ZHE N E R RSOR AR i B 22 AR /N . 52 % %
HI Y RMS AHXF 52 22 4300 1,106 F 1.18% . fii &
RIS AR T 136 TR, %4 T 1L
BAMRMT 264 TR L RRTEM 2 f5. %
G 75 B JEORG BE RS U A% AR Ui - L AR 4y
I A B,

ik — 25 W55 R [ LR T A IS B 1 A8 1k
T, FETHYIF LA o A B 2, B8 sk 7 1L

0712002-5



Wavefront /A

0.2

0.1
0

-0.1
-0.2

RMS: 0.094674; PV: 0.721472

Wavefront /A
0.3
0.2

0.1

RMS: 0.026564; PV: 0.558551
Pl O 38 i B 4% 22 9 G 0 45 2R

()

Wavefront /A

RMS: 0.107814; PV: 0.914181

Wavefront /A
0.2
0.1
0
-0.1
-0.2
-0.3

-0.4

RMS: 0.042164; PV: 0.679651
(a) B JFE YT s (b)) 2 B Wil (ORI 2 (D E ik 2

Fig. 9 Detection results while adding high-order aberrations. (a) Recovery wavefront; (b) reference wavefront;

(c¢) low-order residual; (d) high-order residual
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(b) tangent sub-aperture distribution; (c) intensive sub-aperture distribution
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. 13 Fitting curve of detection error with the number of sub-apertures
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