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An adaptive optics system suitable for
near-ground imaging
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Tianjin 300072, China;
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Abstract: In order to overcome the adverse effects of near-ground turbulence on the imaging quality of the
optical systems at imaging distances of tens to hundreds of meters, an optical imaging system based on a long
focal length telescopic objective lens and an integrated adaptive module is designed. With a system center
height of 1.9 m and the imaging distance of 50—200 m, the outdoor imaging experiment of a resolution plate
is carried out. The experimental results show that the influence of turbulence on imaging quality is obvious at
medium and long distances of 50—200 m near the ground. The experimental system can effectively over-

come the influence of turbulence at different distances and improve the consistency of image resolution and

WieiE B #5:2022-11-09; 1&3T HEA: 2022-12-01
EHEWH: HK A AR HEE T H (No. 61535008)
Supported by National Natural Science Foundation of China (No. 61535008)


http://dx.doi.org/10.37188/CO.2022-0230

844 R EDEE (FRgEso)

#16 %

clarity. As the imaging distance increases, the influence of turbulence increases, and the system’s correction

ability and the imaging quality decrease. The imaging resolution of the system can reach 0.5 mm at an ima-

ging distance of 100 m. Cracks on the surface of a concrete model are observed and corrected at a distance of

200 m. The experimental results show that the system can suppress the influence of turbulence and improve

the clarity of the image, which verifies the practical application ability of the system.

Key words: adaptive optics; near-ground turbulence; wavefront sensing; wavefront correction
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DM: deformable mirror;

BS: beam splitter;

L1:lens 1;

L2: lens 2;

L3:lens 3;.

L4: lens 4;

S-H WFS: Shack-Hartmann wavefront sensor;

WEC: wavefront controller cc

camera
- Atmospheric TeI_esct_Jpe

Observation turbulence M
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Fig. 1 Schematic diagram of the system structure
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Fig.2 Schematic diagram of S-H wavefront sensor. (a)

Schematic diagram of optical path; (b) spot diagram
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Tab. 1 Parameters of key devices

Device Parameter Value
Aperture/mm 356
Telescope objective
Focal length/mm 3556
Aperture/mm 135
DM Number of drives 97
Drive interval/mm 1.5
Aperture/mm 5.85
Number of sub-apertures 1280
S-H WFS Frame rate/fps 100
Wavelength range/nm 400~1100
Microlens focal length/mm 35
Horizontal and vertical pixels ~ 2560%2 048
CCD Frame rate/fps 62
Pixel size/pm 5
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Tab. 2 Main parameters of the lens and prism

Optical element  Focal length/mm  Aperture/mm Material
L1 90 30 H-K9. H-ZF2
L2 50 30 H-K9., H-ZF2
L3 100 25.4 H-K9., H-ZF2
L4 60 20 H-K9., H-ZF2
BS — 25.4 K9
(3) Yo7 G EF T

H CCD BOGH K, 988 Gt RS, 11
AR BOL T AT LR d 4 16.39 mm, AR T
Vs . R L1 FESE L2 f94EIE, it RGO0 K
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Fig. 3 Physical map of the adaptive optics imaging system.

(a) Integrated imaging module; (b) imaging system
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Fig. 4 Photo of the outdoor experiment site
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Fig. 5 The resolution plate images before and after correc-

tion at different distances. From left to right are the

Ist, 6th, 11th, 16th and 21st frame images. (a) Be-

fore and (b) after correction with 50 m imaging

range; (c) before and (d) after correction with 100 m

imaging range; (e) before and (f) after correction

with 150 m imaging range; (g) before and (h) after

correction with 200 m imaging range
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Quality Evaluator, PIQE).
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Fig. 6 Curves of PV and RMS values of the wavefront be-
fore and after correction at different distances. (a~d)
PV values at 50 m, 100 m, 150 m and 200 m; (e~h)
RMS values at 50 m, 100 m, 150 m and 200 m

W e R E S5, SEa B IO N IAL 8 iz . SE4w
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Tab.3 PV and RMS mean values of the resolution
plate at different distances before and after cor-
rection

PV /um RMS /um

Distance/m
Before  After  Pct/% Before  After  Pct/%

50 4,703 1.745  62.89 1.218 0.384 68.47
100 6.077 2579 57.56 1.519 0.643 57.67
150 8.822 3.863 56.21 1.927 0936 51.43
200 31.36 16.58 47.15 7.826  4.105 47.55
4 BRISQUE
PIQE

Tab.4 BRISQUE and PIQE mean values of the resolu-
tion plate at different distances before and after
correction

BRISQUE PIQE

Distance/m
Before  After Pct/% Before  After  Pct/%

50 16.79  11.61  30.83 13.03 9.38  28.01
100 2337  17.63  24.56 22.05 1699 2292
150 3231 2053 36.46 27.17 19.9  26.78
200 45.63 362 20.66 40.42 35.1 13.16

-

S AP S VIAESIRI DL R W U ESEE NS T 9 ONE
Fig. 7 Partial enlarged image corresponding to the first

frame image in Figure. 5(d)

8 IRBEL B SIS I

Fig. 8 Outdoor experiment site photo of concrete model
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B9 200 m ALK IE IS TR BE B0 R, 224 7y
BIRE 1.6, 11, 16 A1 21 WIEHR . (a) KIERT K (b)
RIEJE 4553

Fig. 9 Concrete model images before and after correction

at 200 m. From left to right are the 1st, 6th, 11th,
16th and 21st frame images. (a) Before and (b) after

correction results

TE 200 m &b >R £ (1 P i A IE R L S5 1) PV
5 RMS #I{H A1 5 F7w, BEE PV S{E7EAL IE /T
RENT 17.598 um, K IEJG FRET 74.11%, B2
4.556 um, RMS ¥J{EH 4.411 pm %2 0.916 um,
TEET 79.23%. LA, TEIREE AR S
RGeS R R I AT M A A 1R 22, 5 — R AL IE

L) BRISQUE Hil PIQE ¥4 {8 XF 4% 1F Hij Ji5 Y

5 200m PV  RMS

Tab.5 PV and RMS mean values of the concrete mod-
el at 200 m before and after correction

FABEEURIAT T, G533 6 fis . Al UL, BGIE
J5 i) BRISQUE Al PIQE $4{H 3445 FIr KA, EHH &1
I BT B TEAS IE SR AR 3 T HE 5, RERBAEFR K
T BUZ AR5

6 200 m
PIQE
Tab. 6 BRISQUE and PIQE mean values of the con-

crete model at 200 m before and after correction

BRISQUE

PV /um RMS /um

Distance/m
Before  After  Pct/% Before  After  Pct/%

200 17.598 4.556  74.11 4411 0916 79.23

SEHL:

BRISQUE PIQE
Distance/m
Before  After Pct/% Before  After Pct/%
200 38.65 21.34 4479 39.95 2472 38.12

A SCBETE T AR RTRI  PEATALIE 5 A
BT — IR0 B & R AR, I 5K AR I Y)
BiE A T OH G N BUR LI RS, 43 A AE 50 m.
100 m, 150 m #1200 m (Y SR IE &, R T =
ST HERMSAR LI . SER A5 AR W, 7 1 b T
14 50~200 m H I S it Y X AR5 BT F P 52 i)
B, 4T A IE N AR R G5 2 AR H A
BT JE A S0 R GEAE 50~200 m A AR S
T BB A A KRR AT T ), B R A 40 R R
T AT B 1) — 50, (ELB 2 LA B8 A, R SE Y
AR BT TE T B, R  BERLERER . 7E 100 m
E B 1 AR o BERBE S A B 0.5 mm FEAREEK .
FFAEZE ST TIRBE TR BUR 5L, S5 R %
AR 22 48 RS T it TR 5 AR A5 1Y)
ANFISE ], BEAS T AE P AR O R B H AR
(N FH K
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