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Abstract Based on the theory of light wave propagation in the atmosphere, the imaging process of a space-based optical
system in a slant atmospheric path is simulated, the influence of atmospheric turbulence on imaging quality under different
conditions is analyzed, and the simulation results are compared with theoretical ones. The simulation results show that
when the system aperture is smaller than the atmospheric coherence length, the resolution increases significantly as the
aperture enlarges. While the system aperture is larger than the atmospheric coherence length, the resolution tends to be
stable gradually as the aperture increases, and the optimal aperture is about 2r, (r,refers to the atmospheric coherence
length). Through the simulation of structure constant models with different refractive indexes, it can be seen that as
transmission distance increases, the minimum resolvable length improves gradually. However, when the transmission
distance reaches 50 km, the length tends to be stable. Therefore, when the transmission distance is below 50 km,
atmospheric turbulence has a great impact on the imaging quality of the optical system. In addition, weak atmospheric
turbulence will affect the ground resolution of the optical system at a degree of 2-3 cm, while strong atmospheric
turbulence will affect that at a degree of 7-10 cm. Furthermore, the high-altitude turbulence in the tropopause can greatly
affect the imaging quality. If the influence of the high-altitude turbulence is ignored, the resolution can be improved by
about 1. 4 times.

Key words atmospheric optics; structure constant of atmospheric refractive index; numerical simulation; imaging quality;

Wi BHE. 2021-11-18; f€E HHE. 2021-12-22; RAHHE. 2022-01-17

HEEWB . Z8E IO HEARSLR % FFEE4 (AHL2021ZR01) i E R B 5 4 B HT T E 4 (2020438) b [ Bl 27 B BH % 41
B I AN SR L4 (CXTJ-208028)

BIS1E#E . keyuan@aiofm. ac. cn

1801002-1


https://dx.doi.org/10.3788/AOS202242.1801002
mailto:E-mail:keyuan@aiofm.ac.cn
mailto:E-mail:keyuan@aiofm.ac.cn

minimum resolvable length; resolution

1 7 El

MOAE R AP ALRE I, B 5 3 0 B AL AL (R £ 5 3L
U I A WA 7 A — FR B2 i T AN, AT B
TR 2 G2 1 4y P AR RS i RS Tl IR
PRI A5 A5 R 86 50 AS A 2 45 L s L 01 7 ke TR M | 3 45 3
FRMER . H I AR I8 KA X 62 R R G0
AR SR I

ZAEK, H AN ST 22 F R T K& e T R A
T O 2 R ge b e BB B B s . 1966 4F
Fried " % 4 B 6 il 0 BRI R 6 2% 1% &R G 19 43
AT T AWFSE o 5k 3% B S5 URD AR Ak A
PEANTHE T A [6) 3 i 2 B8O O 2% £ 50 A% TR & 10 3%
Wi o Bt i AR 9T R, 22 AT U 3 e A e
A did T 5 R0 R o — R 3 O TR A4 3 B R U/
A G AL R R SR A AE NG
Fe ARSI A T RS I 5 A AR A7 IR AR Sk B K
KA F AT . peabh, i i 5 B E #5 BURGE
P A 2 B4 R 3 X 35 BRI AR R 47 35 U A B b T 4R
(ER=A e N R SR = I:( B S al N W B 100 o o
RY MBI HEFE 2 0 3k R G s 2 RS, % T B b
HLZIL T TR G R HaE >, A
FEFRE A AT R LAl W 7R AR A B 2 R AL B
1) 77 AU T A I 6F 6 SR AL i 1 5 ) £ B
b DX KA AT B R 45 b H RO AL R VS /7 R R A
G| I NI 7 e S CE N TR /RN S NG 2 & R
i P ) AR A A AT T R T RS A B AR
RGPS

2 B AR UL it 0y LA Y

2.1 EipEM

R T A IR ORI A S L AR R R G
UL 38 B 62 2R G 1 AR 4 B3 A 05/ T 4 K
AT o 2 2 55 1 AR 4 B0 17 LI 94 0 44 336 o0 4
f 25 1 42K SR i, AR Fried B4, AT 4k 5 1 1 MK
NI A — (LS R AR B
R:16(D) J:u<arccosu— u\/ﬁ) X

R max s Ty

5/3
D -,
exp{& 44<r) u"”g}du, (1)
0

KT :DANBEWRFE IR g FRAMTKE ; u=
Q/Q0, b QR FAM R, Qo= D/A R B AL ABE AN
FeW P s R KB BRI 52 HER 5 R N5
BR[04 PR AE

Fe/INAT o3 HE K B S8 B8 06 T 48 43 9 9 A 4 1A ) B
ANTE B, LR /N | R o BEAS G ik o R 4f it 1) )
P B G A AR R G0 oy B R E R

& 42 % 2 18 H3/2022 £ 9 A /FE2iR

A
0=1.221, (2)
e 35 75k 28 G0 B M T ) 4 O B A L D s O e S
i 19 30 T S5 /N T 20 B E DRy
0 A AL
8,=2Ltan— = 2L tan(l. 22)~ 1.22
2 2D D
TESEBR R R 32O IR WA SRR R AR &R
T ARG DR R AR T BE g 23 B AR /N T LA S
s 0 AT 139 45 /N T 2 B g
Ot == 1. 202k (4)

)

ARHRE A i R 1A RO TR B Rk

3/5
L 5/3
ro{o.ms/&f Cf(zsina)(lz) dz} . (5)
0

=20/ NP o M 2 MR IR LA
[ 37 B 52 sin o BT B B s Cr (h) R RS AT B R8548
TWHEC B oo A R A R RS R A,
nJ 15

, (3)

3
L 5/3
O a1, zzxz,{o. 423&2J Cf(zsina)(i) dz} ,
0

(6)
Cr(h) B FRILA N
Ci(h)=ah _ + _ +
2(h)=a,h exp 3 a, exp 3
awxp(}i), (7)

Kb iai~as bi~b; . AME S X(DFETHMA
I — TR N AE R I )2 T B0 i i IR
o B AR i A J2 A R B A R BB IR R I A2 TP
it U AR O 5 5 = IR R A R i AR A . AR
R g 1Y S 5 BN 25 3R % K (7) b & S Bk AT g U
A HVS/7BIRLY A A R L A G E A ) A AR
tCr () RIBAT .

1) Hufnagel-Valley fiif i #5 %4
Ci(h)=8.2X 10 "W?*h" exp(—h)+ 2.7 X

10 16exp( —h)+Aexp

h
1.5 _o.1>’ (8)

A A by I b T T S R A5 R R s W KU T
B A=1.7X10"m *, W=21m/s i} , Hulnagel-
Valley Jifi it A 5 S HV 5/ 7 #5571

2) A B R

h
Ci R)=28. 00 X 10 26135 " )41 95%
) exP( 0.88)

1077 exp( S +8.00 X 107" exp _ .
0.11 7.5

(9)

1801002-2



& 42 % 2 18 H3/2022 £ 9 A /FE2iR

3) & HE A 1] A 2
h

Ci(h)=2.8 X 107" exp( 07)+ 2.1X

h h
107" +2.0X10" .
0 exp( 0. 1) 0 0" exp( 4.8)

(10)

S AR AR 1Y 32 2R AR BR T I A i b ik

AR A BT, TR kA i LAY R URORE CR

TRV KL TR B o A SCHE A B b [6] I 25 08 T IR

WA T IS AR AR AR 1 R A, SR KRR A

IV TR T O JE R AR AUy
8

h
an(h)= ?Xl 54 X 10 exp(—7), (11)
h
a,(h)=50X2.47 X 10" exp( )+5.13><
, (h—20Y)
10°° — 12
exp[ % } (12)

2.2 giEfEmmERR
RO R AL R B 7E 2 HOL 2 iR R G, HIL
FR G W) () R G e B A =g B
I=1+L+L=1I+ L, (13)
A D W R SR Y B S 52 5 1 o M T )
AR S5 A R S 28 SO A B i 1 i = AR IR 5
14 3t e AR 58 5 B2 5 1 O R PR R 3 AR U= A% i 2
Mo 2R AR 0 R R U 1) O kR
Gerh B R S S R L o T FAR WA AR s R E
AR5 R A A B4 B R A ORI i R S
(0 50 S S8 B 5 Lo A RUTE SE AR o Hob, A Ly
Mo AR W R O T AR S LR I O R SR AT
i Bl 8 2 e & A 0 SR~ F 2 5 2 SO 7 G L

!‘\.

vacuum
transmission

o —
o turbulent

phase screen

-

ground
objects

imaging system

PHCRIF 2 T 118 388 ) R4 S % a1 T R R B, 2 DU
K BHEAE A BB G R HE 47 8 Bh AR B, TR BLA LR R
G SRR T AR S i BE B AT LS B 10 km %, 1E
BAZ L R, TR B sl AR TR R UG S B R, TR
FH SR B AR AT BUR . A ST 2 B E B9 sl g
BE A% T K A0 R 2 A5 R T R AT, DABIF 9 R i i 4G o X
BUR BRI . KA GHE RS B E 1 s

receiving
system

background object  background

POT ORAUHR S A i o

Fig. 1 Atmospheric radiation transfer process
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Fig. 2 Simulation of light wave transmission. (a) schematic diagram of simulation model; (b) flow chart of imaging simulation
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Fig. 3 Original image and two-dimensional light intensity distribution. (a) Original image; (b) intensity distribution
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Table 1 Numerical simulation parameters

Parameter Description
Wavelength A /pm 0.5
Number of grids N 512X 512
Independent transmission time 100
Imaging time 15
Transmission distance L /km 20
Grid size Axr /m 0.00475
Atmospheric coherence length 7,/m 0. 3667
Aperture size D /m 0. 1000, 0. 2500, 0. 3667, 0.5500, 0.7334, 0.9168
Constant model of atmospheric refractive index structure C7 /m~*? HV5/7
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Fig. 5 Atmospheric refractive index structure constant and atmospheric coherence length varying with transmission distance.

(a) Atmospheric refractive index structure constant varying with transmission distance; (b) atmospheric coherence length varying

with transmission distance
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Imaging result and two-dimensional light intensity distribution at 30 km transmission distance. (al)(a2) Width of fringe and

interval is 0. 028 m; (b1)(b2) width of fringe and interval is 0. 035 m
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Imaging result and two-dimensional light intensity distribution at 50 km transmission distance. (al)(a2) Width of fringe and

interval is 0. 0305 m; (b1)(b2) width of fringe and interval is 0. 0366 m
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Table 2 Results of minimum resolvable length of ground object in atmospheric turbulence imaging under different transmission
distances by HV5/7 model

Transmission

Distinguishable mesh

Theoretical minimum Actual minimum resolvable

distance /km Grid size /m number resolvable length /m length /m

5 0.00213 4 0.00849 0. 00852

10 0.00373 4 0.01497 0.01492

15 0.00382 6 0.02684 0.02292

20 0. 00540 5 0.03329 0.02700

30 0. 00700 5 0.03505 0. 03500

40 0.00702 5 0.03505 0.03510

50 0.00610 6 0.03503 0. 03660

60 0.00730 5 0.03503 0.03650

70 0.00740 5 0.03503 0.03700

80 0.00740 5 0.03503 0.03700
EE o ﬁ%’%’ E/‘J j(/fﬁj{#ﬁ ‘iﬁ Xj‘g:i’ %j\lﬁ% /% %i‘m ﬁéj\?@?% E(J 0.200 simulation result of Hefei daytime model
B0 H 23 em , BRI K ST X 25 6 2 o T  Smulaion reslt of HVS model
A3 30 5 0 7] 55 7~10 em , B X HE T 43 B 260 W oK
KGR R G R, KA T AR T & Y 52 I AS W] £ P -
@IH%O 8 EPﬁﬁﬁjﬁéﬁ%Lﬁ}il@ﬁ‘ﬁé%%ﬁﬁﬁld\ Té, 0.020 PN, LSOO (. -,
P 22 09 JE A s — R P TR AR R TR 2 (0L 5 < | e
TR BE O B R R A A R A A R /N AS AT RE TG BR z s Horcimagioman
1N EL 4% 5 P19 1 T B B0 K /N KA , 2 i 2 0006 & 7T
FAE— 2 WY 22 0.0043 20 40 60 80

L /km

3.3 XWREMHE = i i X A& B2 B =2 00

AR R AT S R G5 M RO Y 7 s 4% 3055
SC, AT R O T 2 i U X AR A R R A
9 o B R AR TR DG IR T 2 i 3 A AT X 3=
T i3 2 i U ) 07 FL R &5 258 o 18 10 R T LR I b
185 DL T fie /N 23 H R B A i R s 9 A2 Ak o 7E 80 km
O S N N S = O NI o 8 N5 A
5.18 cm, Wi A & =25 i A & D A o BE R OE N

Intensity /arb. units
0.5

Grid coordinate in Y direction

100

200 300 400
Grid coordinate in X direction

P8 AN [l it it A5 2 dre /N AT 43 B B e A% i T 2 11 722 £
Fig. 8 Minimum resolvable length varying with transmission

distance under different turbulence models

7.30 cmo BEHY, 575 5 A i i RO 0 A L, e A
T EE IR T T 1AM A A . e UL X R
V2 T B4 0 25 i I X A 0 B R B 5 I e B 35 1

Intensity /arb. units
0.5

=1

(=]

£ : ‘

§t1 ¥
: 1Rl

5 gs 148 0.3
£ : ‘:-i‘

z 1 1 3 02
K g%z 383

g 7 3¢8 ¢4

; X g% £%% 0.1
3

200 300 400

Grid coordinate in X direction

B9 g R o (a) A 28 3 i s (b) JE 8 25 it

Fig. 9

4 2 ®

MR R G R H bR Z B A7 R AT,
KA PR 22 3 B AR R AL o 2 Tt I i
FUREIY 1 22 J2 it U AH 2 5 A 3 /R R UA% i i A% L i
TG AR ALY S, 05 B3 T A I R 5 I

Imaging results. (a) Adding upper tropopause turbulence; (b) ignoring upper tropopause turbulence

[ A5 Y RN HV 5/ 7 455 38T A il 90 6 B A T 2 1) 52 )
PFEAE R FW . RS 048 D#, AR il e fE
AR KN 270 24 AR 38 K B 20, I, BEHE K TR IR
B4R T 43 B R, i BSR4 B R 32 A2 KA T 1 52
W o — B A R R A O R R G A
TR TR ASE Y 4 39 6 7 0 (1 AL B 3435 22 A, Sk b 1T 4

1801002-7



& 42 % 2 18 H3/2022 £ 9 A /FE2iR

& 10

0.08
0.07+
0.06 -
g 0.05}
|
2
£0.04f
“© 0.03+
o : ignoring upper tropopause turbulence|
0.02 - # adding upper tropopause turbulence
f  ==fitting curve of ignoring upper
0.01 F tropopause turbulence
: —fitting curve of adding upper
i , tropopause turl‘Julem‘:e &

0
0 10 20 30 40 50 60 70 80 90
L /km

A TR )2 T i 25 i I PR e /N T A R i £ f P 2 )

A4k

Fig. 10 Minimum resolvable length varying with transmission

distance when adding upper tropopause turbulence and

ignoring upper tropopause turbulence

B AR K G0 FR Gk U, R T AR D
18 5 0 A AT 2200 o e A, 3 )2 T 8 25 i IR R
A PR T A 8 A 2 W I e S i R I T
BeRual S Th 1AM A o Ja SR R 0 B4 2R TR
R o R i 0 B8 AR SO R W Y 7 kL 4R e S 2
G R GE B AR 53 HE ARG SR | [ I 0 — 20 T
Jé == HOt s R R RSB B

2 % x W

Strohbehn J W. Laser beam propagation in the
atmosphere[M]. Heidelberg: Springer, 1978: 129-170.
Roggemann M C, Welsh B. Image through turbulence
[M]. Tokyo: CRC Press, 1996: 57-120.

BT BEPLA B OGB4 SRR M. de st Ry T
Al R R, 2002.

Zhang Y X. Optical transmission and imaging in random
media[M].
2002.
Lutomirski R F.
electrooptical system performance[J].
1978, 17(24): 3915-3921.

S HEEE IR I X G A AR FR GE A AR B IR (D], R
J: KB TR, 2015: 19-31.

Zhang H J. The effects on resolution of optical imaging

Beijing: National Defense Industry Press,
Atmospheric  degradation  of
Applied Optics,

system in atmospheric turbulence[D]. Taiyuan: Taiyuan
University of Technology, 2015: 19-31.

8 AE, AR . R A X B R R 4 B D R s e [T,
He2Ed AR, 2004, 30(1): 68-69.

Yan J X, Yu X. Effect of the turbulence on the image
resolution of the remote sensing system[J]. Optical
Technique, 2004, 30(1): 68-69.

SRR, AR, MR R R R 2 R G R O B
S [I]. e AR, 2005, 31(2): 263-265.

Zhang X F, Yu X, Yan J X. Influence of atmospheric
turbulence on image resolution of optical sensing system
[J]. Optical Technique, 2005, 31(2): 263-265.

v, BT, LA R S T B IR S R
B A2 HOG 8 AF PR RE [T]. WOL SOl Tk, 2021,

[9]

[10]

[12]

[13]

[14]

[15]

[18]

1801002-8

58(3): 0301003.

Sun J, Huang P M, Yao Z S. Performance of satellite-to-
ground laser communications under the influence of
atmospheric turbulence and platform micro-vibration[J].
Laser & 2021, 58(3):
0301003.

Fried D L. Propagation of a spherical wave in a turbulent

Optoelectronics  Progress,

medium[J]. Journal of the Optical Society of America,
1967, 57(2): 175-180.
Fried D L.

inhomogeneous medium for very long and very short

Optical resolution through a randomly

exposures[J]. Journal of the Optical Society of America,

1966, 56(10): 1372-1379.

SRR, PV i R X AR B G4 R S

(J]. " #OE 2000, 27(7): 655-659.

Zhang Y X, Sun Y. Effects of the scale of turbulence on

optical resolution of imaging system in turbulence[J].

Chinese Journal of Lasers, 2000, 27(7): 655-659.

SRR, AR, F A TR R G R A

FEI 2 50 R 2004, 2(4): 1-4.

Zhang Y X, Zhu T, Tao C K. Study of the optical

resolution of imaging system in turbulence[J]. Optics &.

Optoelectronic Technology, 2004, 2(4): 1-4.

ARG, AEIE R, BORE, A ORI T S B SR fe sk
SR AT A D] KR R A A R CE SRR D,

2018, 41(4): 95-99.

Zou H, LiQY, Zhao Q, et al. Research on influence of

atmospheric turbulence parameters on image degradation

[J]. Journal of Changchun University of Science and

Technology (Natural Science Edition), 2018, 41(4):

95-99.

FEH, FIHF, TIN5 R A& RO R A R R

T R ORE AR A7 9% (7], O A% ok 4l 2020, 40(24):

2401001.

WeiHY, YanJ L, Jia P, et al. Spiral phase spectrum of

focused Bessel beams in atmospheric turbulence channel

[J]. Acta Optica Sinica, 2020, 40(24): 2401001.

EEAT, IR KA G MR Y 5w B A I R

(J]. B FHLF24R, 2020, 37(4): 409-417.

Wang Y J, Shi D F. Atmospheric effects on optical

imaging and correction techniques[J]. Chinese Journal of

Quantum Electronics, 2020, 37(4): 409-417.

EIA, R, SRAA . BHIENOEE R BE A ELT].

SO S RLT R, 1994, 6(1): 59-64.

Wang Y J, Wu Y, Gong Z B. A numerical model for

adaptive optics system[J]. High Power Laser &. Particle

Beams, 1994, 6(1): 59-64.

XAE B, FE K, RVB AR IR DR A ) TR

2 THE RS [T]. S aE A, 2021, 41(11): 1111001.

Zhao Y G, Dong B, Liu M, et al. Deep learning based

computational ghost imaging alleviating the effects of

atmospheric turbulence[J]. Acta Optica Sinica, 2021, 41

(11): 1111001.

ZRAE, ARG, T 0 R R A 1 04 A2 I 5

(], & B8 Tolk R~ 27 4 (F A B2 i), 2011, 34(1): 80-

82, 127.

Lt Q F, Zhu Z C, Fang S. Research on atmospheric



& 42 % 2 18 H3/2022 £ 9 A /FE2iR

[21]

[22]

turbulence degraded image restoration[J]. Journal of

Hefei University of Technology (Natural Science), 2011,

34(1): 80-82, 127.

EYAr, WERE, BA B WOBTE R AR K A% i

B IIM]. AE st FE B Toll A, 2015: 25-30.

Wang Y J, Fan C' Y, Wei H L. Laser beam propagation

and applications through the atmosphere and sea water

[M]. Beijing: National Defense Industry Press, 2015:

25-30.

EAZAL, MR, BRik, &5 . O U K R R 5

Ho T 23 BEA RS LT, D22 Bh 2 R 244z, 2009, 26(2):

114-117.

Wang R L, Hao Z C, Chen B, et al. Effect of

atmospheric turbulence on image ground-resolution of
Journal of

2009, 26(2):

space-based remote sensing system[J].

Geomatics  Science
114-117.

Hufnagel R E, Stanley N R. Modulation transfer function

and Technology,

associated with image transmission through turbulent
media[J]. Journal of the Optical Society of America,
1964, 54(1): 52.

VAL, ST, H R A I DX R AT IR R A A
R A A A [T] 5 OG5 kR T R, 2008, 20(2):
183-188.

Sun G, Weng N Q, Xiao L M. Vertical distribution
models of atmospheric structure constant of refractive
index[J]. High Power Laser and Particle Beams, 2008,
20(2): 183-188.

AR AT . 7 78 e S SV IR PR 22 RO 7R s R
WFFEID]. dbat: b [ B2 B B 5 25 1 )2 rhots, 2019:
21-23.

Dai Y R. Study on aerosol and water vapor in Tibet
plateau by multi-wavelength lidar[D]. Beijing: National
Space Science Center, Chinese Academy of Sciences,
2019: 21-23.

F KRGS ] 43 HE 40 2 TLAL AR R AU S #¢ 1E
FEID] AL A EBE AR RS, 2021 12-14.

Wang T. Research on atmospheric radiation correction of
optical satellite imagery with sub-meter spatial resolution
[D]. Hefei: University of Science and Technology of
China, 2021: 12-14.

A, PRF LD, Beamh .l R AR S
CART 9 @ [J]. K5 B BOL % %4, 2007, 2(6):
446-450.

[26]

[29]

[31]

1801002-9

Wei H L, Chen X H, Rao R Z. Introduction to the

combined atmospheric radiative transfer software CART

[J]. Journal of Atmospheric and Environmental Optics,
2007, 2(6): 446-450.

EAl, BB PR IR S ALy KRS Y (B AR
FUBFFE (1], S22 4], 1998, 18(10): 1470-1472.

Wang Y J, Wu Y. Numerical simulation of propagation
of diffuse reflection light of extended object[J]. Acta
Optica Sinica, 1998, 18(10): 1470-1472.

LRE, sk, AR, & 220 T HOL & KR
KA OB R 07 D] e 4 R, 2021, 41(10):
1001002.

Wang C Y, Yuan K E, Shi D F, et al. Simulation of
atmospheric turbulence profile measured by differential
wavefront lidar[J]. Acta Optica Sinica, 2021, 41(10):
1001002.

AR, ARICHE, BeRi b 3R B 50 R B AR L L R
A48 00 AR 0 % 3 A [T). W) B2 4R . 2009, 58(9): 6633-
6639.

Qian X M, Zhu W Y, Rao R Z. Phase screen distribution
for simulating laser propagation along an inhomogeneous
atmospheric path[J]. Acta Physica Sinica, 2009, 58(9):
6633-6639.

B B e R O T M T A8 8 DR/ A% iy B G oz A I Y
A T [D] & AL v B} 25 B 2 B 2 K 3 WU 52
it , 2005.

Huang Y B. Study on HEL propagation and its phase
compensation in the dense atmosphere near the ground
[D]. Heifei: Anhui
Mechanics, Chinese Academy of Sciences, 2005.
WA, EYA . O R B R B P R S
B [T]. RAEHEDLF ¥4, 2007, 2(1): 23-27.
Huang Y B, Wang Y J. Choosing computing parameters

Institute of Optics and Fine

in the numerical simulation of laser propagation effects[J].
Journal of Atmospheric and Environmental
2007, 2(1): 23-27.

Martin J M, Flatté S M. Intensity images and statistics

Optics,

from numerical simulation of wave propagation in 3-D
random media[J]. Applied Optics, 1988, 27(11): 2111-
2126.

) N SR 7 SIS e < D\ e [ 1 | N N <
2008: 228-230.

Zhao K H, Zhong X H. OpticsI]M]. Beijing: Peking
University Press, 2008: 228-230.



	1　引        言
	2　数值模拟基础和仿真模型
	2.1　理论基础
	2.2　光波传输仿真模型

	3　数值仿真结果及分析
	3.1　接收孔径对成像质量的影响
	3.2　不同高度、不同湍流强度廓线模型对成像质量的影响
	3.3　对流层顶的高空湍流对成像质量的影响

	4　结        论

