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Influencing factors of atmospheric turbulence on image quality of
aerial photoelectric reconnaissance
WU Xiongxiong, WANG Huilin, NING Fei, ZHANG Wenbo, LIU Jilong, WANG Mingchao
(Xi'an Institute of Applied Optics, Xi'an 710065, China)

Abstract: The atmospheric turbulence effect is one of the important factors that seriously affect the image
quality of aerial photoelectric reconnaissance system. Starting from the description of atmospheric turbulence
parameters, the influence mechanism of atmospheric turbulence on the imaging quality of optical system was
researched, the influencing factors of atmospheric turbulence on the modulation transfer function (MTF) of
optical system were analyzed, and the theoretical model of atmospheric turbulence on the imaging MTF of
optical system was established. The simulation results show that under the influence of atmospheric turbulence,
the ratio of optical system pupil aperture to atmospheric coherence diameter has a great influence on the
imaging MTF. By comparing the ground field experimental images of the optical system, the imaging MTF
theoretical model of the actual optical system affected by atmospheric turbulence was verified. The research
results can provide theoretical supports for the design of aerial photoelectric reconnaissance system and the
improvement of imaging quality under the influence of atmospheric turbulence.

Key words: atmospheric turbulence; image quality; modulation transfer function; atmospheric coherence

diameter

AL S DG L ¢ R 8 AT DL Bt g o0 B e FAE I EEA: SEE 2 IRIE AT 8 g

%5 B #A:2021-09-09; & [E HHA:2021-11-11
HEEWH: = £ X marRA

TEH B M8 (1992—), F

i, SR IR, T ERFHELE RAL%E 5 @R, E-mail: wuxx1992yygx@126.com

iy Nz —" AT E M 2O L g R g

Z 4t . Goodrich 23 & Y DB110 #H#/L . Recon/Optical


https://doi.org/10.5768/JAO202243.0101001
https://doi.org/10.5768/JAO202243.0101001
mailto:wuxx1992yygx@126.com

Co R

k¥

A3 EE 1Y

RZHREAE E ST FEHEAL E T RREATY

T2 6 L RGeS e v, Dl e b A 4
LR RN R G, ZETR . KE . TR
510 A4 AR S A SN AR AR B R i, A% B A TR ARG
I 58 SR A I [ A0 25 [ L A T LA B L AR AR AR
b, KA I R B A SR B 4 3 AR 2
18 B AR 67 -5 R M 35 L, Ol D I i A 7 R
AR T R i AL, il bR PR B K 78 R
a3 VAR AR AOUURE X8 G A% 4% 7 1] 7 AR LS
T EOG WAL R B AR KL i T 25 i, R RO
ARG AG TR o U 6 R R AR S B P U5
RO RGBT S M EMN R, B
TP E T RGP IRINFAE BRI RETT, I L fF
FEAL A5 L B8 8 AT B (45 i TR 3 — L LIOR R
JEICH RGBT, HEH . fHE A SRR

RSP LN R S W R S NIR K & e U1
WAL, HAllC & H & @ Ae 2 59 il g 5
WAL FARIRI | O 5 ERER SRR DI RE . TEMLAS
L AR R G0 LI A e, r 32 B0 R I
SO, FRAFH TS B0 A TR EL R L, R AR
AR A GEANREIE I3 K45 e RLAF i) A g, R B
AR B RR | R R AR, HBR R 5] 4
X BB FhY R i AL 8RR A A B B, 7 B o A S
REAFOE ARG SR PERE, BH AT 18 HOUL I i 4
PR R PRI, BIF 58 R T 25 0t L &%
48 AR 5T R Y 52 e BILBE, R HH DR A 0 =S Ot
FL AR GE G T i S e PR R AR

ASCE X BRI, BT TR R
it S KO Py B i —— T SR A RS R
FH T B A BRI RS, SR 5 (8 O =7 94 1 % 138 o
KMTF RADEE RGERY AR i, PRAABT ST T K
AT RN R W G o7 R S8 MTF R BRI KRS, JF 18
o SR BRI FERIE, 45 AV 2598

1 RRimRs ¥k

il 3R A i Uit 1 S HOE R R
R RS EAR . EPRRA A, ik R
A SHORZ, KA RS B2 KRG
BRERA | 28 STV RE A DR B, TGk S I AT
Bl S R AL A9 P B A G A A AR A A
FEH, A TR Bl 1 RO i A RIS AT A
BE X R A WL 2 B R IR 5 B e, (B X e
AR KL, O T U RO i I RS

(CIEE NG SE ( G O IS 1  RE I
ro 3X 2 SR KA AN C 48 R 1
1.1 KSNHREHEL

KA I 22 1Y A F I £R 722 Ak i 1O I8 1% #
J7 1) b i i 4R R A AR A ZE L, 7 E R G R G
G i . RARITI R a5 w5 C, 2 H T4
IR KA i i o B ) B ARk S AT KRR
i R EE M H 8 C,7 R AE P R I 5T Rk 2, K
J& T 2T B, SZBR TR A 5 =2 42
P, ARMESE H— i iE P A 455 50 ok i) ] ST 5 R
L C TR,

KA I 2R A5 40 5 B Bt A = B R[] e A= AR
b, — BT, D RS R 24 RO 8 i
R R i 58 e iR . G2 RG2S
Xof i AR 9 3 37 55 10, A e S Ui A s, g
H T2 B9 2 Hufnagel #5570 11 2 BRI R A T
KA IR G50 H 505 = B Z T A R OC &,
(D=L

C2 =2.7%107°[2.2x 107h"(v/27)’X
e(=h/1000) +e(=h/1 500)](m>3) (1)

KA PR EE C, BAKEN-231K
TR, & R A . (D
h R B, —MGE T 3 km~24 km B9 0
[l v R RGH . AR B8 Hufnagel 1 7 15 31| 1)
C,; SR h LR 1R,

—a—v=10 m/s
——v=14 m/s
SH v v=18 m/s
—a— =22 m/s
—o— v=26 m/s

e

2 4 6 8 10 12 14 16 18 20
h/km
1 Hufnagel #RE!F C,” phk

Fig. 1 C,’ curves of Hufnagel model

M1 Al DU RS S R a5 0 % G
g Ul K U 58 BT A ) e R AR
E 4 km =5 2 LA, RIS REEHH 2 C,2 5 A
MG, HBEE m R, R O REH BT
WA i, RS AR i R B R L, R B R




BLFDEEE 2022,43(1)  RMEME, S5 R T2 't A D15 PR B bk 52 i DA 3% 90 A « 3 .

SN SR AR R Ay e R RS OR B B )N, H
JEAE T h=10 km Kb A5 W {E, HBEE KGR N, K
ST FRGE R BB K, KA i R R R

M AL (500 m LY ), i ) Tatarski #5274
PEATHE AR, a0 (2) 27w

C(hy=Cyh (2)

ZBALGEH T X R, e =
4.16x 107 m™?, AR5 Tatarski #2815 2|5 C,” 5
R h g e R E 2 FroR, R H R 5
B C,7 B g 1G04 R 6 8 RO 2O R R

1075
10’]6 E
Tk
1078 F
\H““\-‘h
-‘-\_x\_\_‘-‘_\_‘_\_‘_‘—--_
10 L L L L L L .
50 100 150 200 250 300 350 400 450 500
h/m

2 Tatarski {28 ch C,’ &k

Fig.2 C,’ curve of Tatarski model

1.2 RSH#HTER

TR T AT OG5 AR AR R e SR A T
PR, T8 — RV HE 0 A4S . 45 Fhip) PR
Al 43 S ARG A DG A S IR IR A OC Y = . TEA
[0 FH R G, £ Fh i B a i VR 2 AR Y, ande
LR AR | OGS (B A% i g FH e, OG0 5 i i A
KREPH R, MAEC RGN i, Se0 548
PEAHSC R 3o O HESE R GBI R Ol
W 28 35 Wt i RS A i A 2E R Ge, BT RS
SR BN KON B A AR AR Ak, S B0 i O A A T
FREIR, SR G I AR AR, 77 Az P AT A, 38 A
2 GBI

R T A S TA) RRE i A A i Yt R D' 8 I8 AT
ek &, Fried 51 A T KA T HAE r™", Ho2e
BUAR 8 W 3R SCR s A KA T AR (4 551 °F
2O RGOGRE N R KT r B, 6% RGERATH
e BR A5 43 PR3 AN B 5 O AR A 6, T2 R
SA T EAR ro K2, ILAT K O N2E NG RS
AR T o A AR AR B R o

KA T EHAR ro 5 KA I R 5505 BU% V)
AH G, XE T8 UL A% 3K T Y I 7R T U AR R, KRR

MTFER ry B XN
R\ 35
ro = 0.185/1"/5U0 (z_e) Cﬁ(n)dn} (3)

o g R R ER AL, AnT&l 3 Frs .

A

H R

B3 MEBREKESSEMN/LAXR
Fig.3 Geometrical relationship between slant path length

and height

ML 3 H i JLA 2 R AT A5y = h-secd, 14 &R
n e n AR, 158 (4) s

-3/5

53
hsece) Cﬁ(h)dh] (4)

R

MHCA(h) B F B, A (4) 455
3. -3/5 82 3/5
ro = 0.185/16/5(§RC”) = 0.185(3RC5) (5)

KA T HAR rg TAE T KA 2 T2
3G AR T AT S A PR 4 B, e TR AR
LB Bt H Aot 2z g i s i f2 B2, RS+ H
PR, TR KA AE, R T B r 515
AR R R WNE 4 R

MIE 4 FTLLVE Y, B AR R R U8/, Wl
JE U0 IE & WL H AR BE B 0N, KA T B4R ro 1
Ko PRI RGN H B C, o4 K
SMTHE rge WE 4807 AR, B T E RS
AT EAR, AT LA R G R GEAR N 1Y BRI, AT
DL A] D S 2 B Il 8 i 5 vh i £ 41 S A i 41 b
BBy e

H
ro= 0.185/16/5[sec Hjo (

2 KRR IEFERSE MTF B0
SR

T AR B 56, V2 1 6 9B MTF 2 3%
E VR L A B e . e 2T L BB R
9 TR 7 20T, T e i I A TR
H A g R R AT S . TR, K
SR X I 2R G AR 14 R T 1 B T DL AT R
TR G R G MTF BB . KA T AL 3 B 1



% A3 EE 1Y

10°

£
1
H_
juang
= - C=1.
L= =5,
107 F o C2=1.0E-14
—w— (C=5.0E-14
—e— C?=1.0E-13
—o— C2=5.0E~13
10+ ! !
10% 10° 104 10°
PEARKE R/m
10!
—a—1=0.55E—6
—5—)=0.75E-6
A=4E—6
—e—)=10E-6

100

AT B Ay /m

107 p .
10° 10° 104 10°

BARK S R/m

4 HTFERSBREKEMXAR
Fig.4 Relationship between coherence diameter and path

length

MTF T FEFRR R0 (6) A PR:
MTF = exp {—3.44(,1 FP/ 1) [1 —a(AfP/ D)”3]}
(6)
X D Rk RGOGE D48 £ 62k R G AR
ro RS T EHAR; P 25 A (cycle/mm) .
25 [H] 451 % P( cycle/mm) 5% e Sk 49 %3 6] (1) £ 00 3. f,
(cycle/mrad): f, = P- f, BLHT(6) AR
MTF,, = exp{-3.44(Af,/ ro)"* [1 - a(Af,/ D) ]}
(7)
2 a R X AR S50 Y Fried #8117, 24
0=0 I, XF 157 F K RS B, a=1 X B T 3T 37 S g
I, 0=0.5 X B F i it . b ir g i ie otk
Zo 3t i WK A A EE B LG, W SRR
VLA < D, 83 248 Y6 40 1 3 i KA ) B
L #3E, if JE  RVLA > D,

KA RN A K ) 25 4 2 4% 33 pR 4L MTF
TRERT AR AT BG4 336 PR AL MTF g 5 RS
T it MTF e, B TR, BIMTF pies = MTF i - MTF 0
X — A~ B FL AR BRAR AT ) 52 BROG 2% UIR R 48, e
%358 PRE MTF i 1 (8) X IT 7

MTFq (f) = g[cos-lv—vvl—VZ] (8)

n
K v RIRIH—AOIIER, v = fo] focos [ T8 25 ()5
#(cycle/mrad); fo, = D/AFRRIEFEUEIE (cycle/
mrad) .

B KA MTF HH— e v &R, A
53
MTF,, = exp{—3.44(f—)v) [1 —av]1/3} (9)
0
BRI b, RS i 9 R4z Y R 1 25 5 e 24 A% 3 R
£ MTF HIH— A 3RoR A

2
MTF e =MTF i - MTF up, = = [arcos(v) —v VI =12 -
T

5/3
exp{—3.44(r—DOv) [1 —av]'”}
(10)

&l 5 24 MTF i 2k &l . Horf 5] 5(a) & 1F
F o=0HF, D/rysy 5 2K 02, 1. 2. 30 B i i
MTF £, 12 Hh £ B il T KA e A5 5| e B AR
2 A% 3 PR T RS O L S(b) /R T HA i
TR Y 25506 MTF ik

1

09 F\\ \Q\
08t \\

0.7 "-\ —O—D/r=0.2

0.6 - "\I —{1D/ry=1
. A\ —/x— D/ry=2
E 0.5 ‘\\ ——D/r=3

04+ ‘A\

03 F \

\\
02+ N\

o1} N

0 1 1 1

0 01 02 03 04 05 06 07 08 09 1
U — kR

(a) T EMTF £k

0.9 i —— Diff
‘-\ —O— D/r=0.2
081 4\ —0-Dirp=1
0.7} '\.\ —/\—D/r=2
o6k \\ —— Diry=3
Eos \
= \
04t \
\
0.3 F Q
02} N\
0.1 F \
O \‘-""1—._
0 0.1 02 03 04 05 06 07 08 09 1
5l

(b) ZEEILFMTEIZ

&5 MTF ik E (& IEEF a=0)

Fig. 5 MTF curves (correction factor a=0)



BLFDEEE 2022,43(1)  RMEME, S5 R T2 't A D15 PR B bk 52 i DA 3% 90 A « 5 .

&l 6 M1 IE B a=0.5 BF, D/ro4y 5K 0.2, 1.
2. 3 B ) Jii i MTF 1l 28 K A T 3 00 1 2565
¥ MTF #hk .

1

09 | \\ \\
08 L\
07| \ —O—D/r=0.2
Y —{Dir@=1
0.6 \ ——Dir=2
§ 05t \ ——DIr=3
04}
03 4\\
02} \,
o1l N
O 1 1 1
0 01 02 03 04 05 06 07 08 09 1
H—fRAsR
(a) THIEMTE 2k
1
\ Diff
0.9 14 —O—Dir=0.2
0.8 F ‘\ —{+Dlr&=1
07 b \\ ——Dir=2
: ‘\ ——D/ry=3
0.6 | \
Eos \
>0
04}
03 \\A
02} \
0 L L ' —
0 01 02 03 04 05 06 07 08 09 I
I3 — kAR
(b) ZEAIEEAMTEREZ

6 MTF phzk[E (& IEEF a=0.5)

Fig. 6 MTF curves (correction factor a=0.5)

& 7 R IE H T o=10F, D/ro/r 3K 0.2, 1.
2. 3 B A3 3 MTF [l 28 5 AT did 37 5% 0 A 25655
2% MTF k.

M 5~ & 73X 3 d AT DL, Fried & 1E
A T o R KA MTF B8 52 M 85 /), k177 6 S 27
F 45 MTF 52558/ {H 2, Xt KA it MTF 50
e MTF 2 RIS R 5 1014 D 5 KA
AT EAR rg B FUAE o SCHR [19] 48 H, 1F Ry 3 A
R Z 5548551, WD/ ro/N T 0.2, TR A E2: R 50
(4 AR R T AT 2 AN LA L 3 4l B R (8 4 B
A LR IZ 2 56 Ak 1T, 24 DY ro/IN T 0.2 B i i %6
2 2G5 09 % MTF 520 n] 208 A3

3 BN EE TR

N T SRS P S O HE AR G 32 B R U Ak
IO 5% M A5 MITF B RS ARE R, FAT e S0 7 3t 71
B AR AAE A . T AT R L A
PERT 2, B O R, TR A = SR

05|\ T OR i
0.8+ 4\ ~O—D/r=0.2
07+ —{—D/r=1
~A— DIry=2
LT ~7= Diry=3
=05F
=
04
03}
02}
0.1}
'H-\.\_\__\__
0 s s s T ——— "/J
0 01 02 03 04 05 06 07 08 09 1
A1k
(a) i REMTF il 2%
1
0.9 F\ Diff
A —O— Dir=0.2
: ‘-\\ —— D/ry=1
0.7 4\ ~/— Dfry=2
o6l A\ —— DIr=3
Eos \
=Rl AN
0.4 \
\\
03}
bAY
02} \
AN
L o
0.1 ~_

0 1 1 1
0 01 02 03 04 05 0.6 07 08 09 1
IH—feA %
(b) ZEAIEAMTRINZE
E 7 MTF#HZ&E(EEETF a=1)

Fig. 7 MTF curves (correction factor a=1)

B RGN IR AR RIS . S5 B ]
L1 8:00~11: 00, KA HER, AKEAE WL E L) 12 km,
AR BE 80%, TEIZ I 8] Bt P, KA AT 4 R 4540 5
B8z KA AR B 52 M /N B b sf R G
s RO RGBT KE =R, ik m R
#9450 m, 5 HARAHE 2 2 ko AR BL A1,
AR R A TRALUN 5% G R SRR MTF 3
WAL I RS T I R A5 C RS AT
HAZ 10

BTG5 R G B 50 m, PR %
B8 Tatarski #58 8Y (2) 208 AT 5 R 25 40 % 54
B2 =4.16x107"° m™3, R A (2) 2545 B4 &
JE 2 50 m Ab (4 R AT S 3R 45 S W B C2(50) = 2%
10715 m—2/3D

PR IEAE R G TAE D BRI LT A 0.6 pm~
0.9 um, BOZ P BLH O P 2=0.75 um, R A (5)
AR RAAET AR, RIS T A% 1=102.7 mm,
SRR RGO 4R =250 mm. ISR T, IO
2 Z G0 B AR 5 R i 5 AR i B A T AR
FLfE 2R 2.43, K F LSBT 45648 0.2,

— A BT A A e SRR TR . R



6 R

5543 58 1

B G IR] Y, T KT B O R 45 A TR, TR
WG RE S I/ N KA T R AR R, T &
B HARYY 2 km, BLAHE R 2 R XVLA< D,
UL & i S o 4 1, Bert, BIERF a=1, f
TR B 4556 2 58 MTE k=0t (1) K
7, 15 B B ELAT Tt SO0 Y 27 5 e MITF il £k
P (8) il o SR T, 1 (8) Fh 41 {0 i 2 Sl BRAE G
RGN Z IR MTF k.

2
MTF e, =MTFyg - MTF,,,, = = [arcos(v) —v VI—-12]-
T
D 5/3
exp{—3.44(—v) [1- v]l/S}
ro
1

oo\, Diff AT 5 bR
Dir=2.43

0.8 F

07} Pu
0.6 |

E 0.5

o
04
03 F
02
0.1 |

(11)

0 L L L ! —
0 01 02 03 04 05 06 07 08 09 1
JH—AA

B8 AAHRYILEGENFE MTF itk
Fig. 8 Integrated optical MTF curve with turbulence effect

S S SR R G AN E] 9Ca) T, 3R
(SR R WK 9(b) B, FEiZ R h AT &
FAF R IT 3 EAR, A 9(b) T HE i 7R o AR i 18 X
(4 71 30 BRI 24" Jig eR KU (ESF), SR 55K T
T B N B A" e R B (LSF) , 5 Jm il i X 4k 7 g
PRBCHAEA T — 4 HL I 22 375 21 MTF fhgk. #Aad
e AT L3 i ol A8 20 A P Imatest™! 58
B, BAF I MTF i £ an i 9Ce) Bios o 73 4k, fE5E
B 5ot 5 MO R R R TERE, 152/
Je ARG MTF N 10 fis .

SR T R VA B S W R B A A AR
MTEF, K i it A8 52 0 T 1) 52 41 RS MTF, 52
B 4 0F Tt B MTF iy 26 30 17 X3 L, K 5] 8.
K19(c) . K10 ik & TRl —i@ i b o il Toes s
I MTF 2 b 9 — i i A3 1 AR X0 Tl
RGN 7 TR A, ol 2 % T 8. B 9(e)
H 0.5 AL, DR OKE = MTF 2 i 7 7] — i
PG rp g, BBORE A s g KO R Oy 2% 4 i R R (U1
— Iy 0.5), WP 11 R

() RS

(b) AR E

L MTF:
7J<qzl

0 1 1 1 1 1 A

0 01 02 03 04 05 06 07 08 1
SR e

(c) TAHEUZMTF £k

B9 SEPRtFRGSIAEIR R HE MTF gk
Fig. 9 Real image of actual optical system and its MTF

curve
12 S
1 ——SJ7n]
08 —a_ -—I—Tj‘;Tj['EJ
=)
£ 06 ‘R%
04 t\\*_q
02
I

O J
0 01 02 03 04 05 06 07 08 09 1
I — s

& 10 SCIE =K MTF 4k

Fig. 10 MTF curves tested in laboratory

08 " —e— LI (ST
—a— S0 E (TH7Tl)

0 N N N N N N N ) e
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 045 0.5
i

MTF B2 X EL
Contrast of MTF curves

& 11
Fig. 11

ML 11 AT LU Y, 78 52 B KA U 4500 52 el
M2 T, A7 SR SR MTF i 4 5 K< it 3
WHAIS ) 1) MTF #h £k (D/ry=2.43) 8 ik, 55
R T S BROG 7 22 58 52 3 A i Ui AR 5 i) I 1Y)
18 MTF BLe IR, 3B 0] LA Y, 5280 % ot 2



MG 2022, 43(1)

SR, A R WX 23 06 B TR IR R B e R I PR R A <7 -

R GH MTF £ 9] 8w 74107 5240 18145 MTF iih
2 5 KA T HIS AL MTF #h £k (D/ry=2.43),
X A Ry S O 2 R Al B s B T N
SR, A A2 3 R I ARV Y52

4 5P

R T R 80 7 A2 I AR 2R 6
AR B . A ST ELA BT T R AT T e e
FA% F 55 MTF (00, D388 o S04 PR AT 30 TF
AL, A5 IS R ARSI AR R, 2l
B 2E 62 R G 1 AR N4 B 2 AR A B
R, B % T AR T R ST AR, W RS Tt
SRGE A BB, I T U/ K 2T TR 280 4 SR 1 1%
Ph B AT LSRRG A R O R
FRAR WA, He T R T L G B B 1) 3T 41 i
s 3 AT LS AR LI B B, 45 R Gk
ST B B0 LA UL FRF , A 50 i 59 1
LR 2 R TR 2 06 05K R e R
o, S8 B UL BT AS ATl S, Sk T o R B S W
WA KA S R G AR R B B, i
A LA SR 38 B G2 B AR 5 PR A 34— sy
AT BT R IR T

S 30k

(1] K, X e, S, 5. fiuzs ot s Mg RS B i
Wi N 2R 00T (0] B2 FDE2, 2021, 42(5): 817-829.
WANG Huilin, LIU Jilong, WU Xiongxiong, et al. Ana-
lysis of image quality influencing factors for aerial elec-
tro-optical detection[J]. Journal of Applied Optics, 2021,
42(5): 817-829.

AHFIE, ARG, SRIid, 55, AT WOt/ g 4 5t
WAL RGBT ] G2, 2017, 38(1):
7-11.

ZHU Haibin, SHAO Yu, ZHANG Yuanjian, et al. Optic-

(2]

al system design of visible/infrared and double-FOV pan-
oramic aerial camera[J]. Journal of Applied Optics,
2017,38(1): 7-11.

KB, ARIR SR, skan . E Ahm B AL 2 AP L S
DL LY. U RAR 0] 53K, 2017, 38(6): 11-18.

LI Yongkun, LIN Zhaorong, ZHANG Xuguo. Develop-

(3]

ment survey of foreign aerial cameras for distant oblique
reconnaissance[J]. Spacecraft Recovery & Remote Sens-

ing, 2017, 38(6): 11-18.

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

B, KA. i e g 5 SRR B R L.
iR e T AR, 2003, 11(1): 82-88.

JIA Ping, ZHANG Bao. Critical technologies and their de-
velopment for airborne opto-electronic reconnaissance
platforms[J]. Optics and Precision Engineering, 2003,
11(1): 82-88.

X, EER, I, F RS HHOLE R
THIIT. B G2, 2019, 40(6): 980-986.

LIU Haiying, WANG Yue, WANG Ying, et al. Design of
optical system for large-field of view aerocamera[J].
Journal of Applied Optics, 2019, 40(6): 980-986.

R, WM, 2554, 55, AR A G HL 30 1 2k
JE 5 R AR M [T]. DR, 2012, 5(1): 20-29.
SHEN Honghai, HUANG Meng, LI Jiaquan, et al. Recent
progress in aerial electro-optic payloads and their key
technologies[J]. Chinese Optics, 2012, 5(1): 20-29.
LEEJH,JUNGY S,RYOO S Y, et al. Imaging perform-
ance analysis of an EO/IR dual band airborne camera[J].
Journal of the Optical Society of Korea, 2011, 15(2):
174-181.

IYENGAR M. The Goodrich 3rd generation DB-110 sys-
tem: operational on tactical and unmanned aircraft[J].
SPIE , 2006: 6209E: 620909-1-14.

WYATT S H. Dual spectral band reconnaissance systems
for multiple platforms [J]. SPIE, 2002, 4824: 36-46.
Besih. TR IR R LS (M. BHE: R EH
A H AL, 2005.

RAO Ruizhong. Light propagation in the turbulent atmo-
sphere [M]. Hefei: Anhui Science and Technology Press,
2005.

AR, 2RI B, B, A5, R I S RO R BOR AL ACR
RT3, KB B TR %4 (B R B2 R,
2018,41(4): 95-99.

Z0U Hao, LI Qingyao, ZHAO Qun, et al. Research on in-
fluence of atmospheric turbulence parameters on image
degradation[J]. Journal of Changchun University of Sci-
ence and Technology (Natural Science Edition), 2018,
41(4): 95-99.

S, HEF, XU, KPR e (M]. Jbnt:
JEACHRHL IR A, 2005,

WU lJian, YANG Chunping, LIU Jianbin. Theory of light
transmission in the atmosphere [M]. Beijing: Beijing Uni-
versity of Posts and Telecommunications Press, 2005.

LEI F, TIZIANI H J. Atmospheric influence on image
quality of airborne photographs[J]. Optical Engineering,


https://doi.org/10.5768/JAO202142.0502001
https://doi.org/10.5768/JAO202142.0502001
https://doi.org/10.3969/j.issn.1009-8518.2017.06.002
https://doi.org/10.3969/j.issn.1009-8518.2017.06.002
https://doi.org/10.3969/j.issn.1009-8518.2017.06.002
https://doi.org/10.3969/j.issn.1009-8518.2017.06.002
https://doi.org/10.3321/j.issn:1004-924X.2003.01.016
https://doi.org/10.3321/j.issn:1004-924X.2003.01.016
https://doi.org/10.5768/JAO201940.0601008
https://doi.org/10.5768/JAO201940.0601008
https://doi.org/10.3969/j.issn.2095-1531.2012.01.003
https://doi.org/10.3969/j.issn.2095-1531.2012.01.003
https://doi.org/10.3807/JOSK.2011.15.2.174
https://doi.org/10.1117/12.147156
https://doi.org/10.5768/JAO202142.0502001
https://doi.org/10.5768/JAO202142.0502001
https://doi.org/10.3969/j.issn.1009-8518.2017.06.002
https://doi.org/10.3969/j.issn.1009-8518.2017.06.002
https://doi.org/10.3969/j.issn.1009-8518.2017.06.002
https://doi.org/10.3969/j.issn.1009-8518.2017.06.002
https://doi.org/10.3321/j.issn:1004-924X.2003.01.016
https://doi.org/10.3321/j.issn:1004-924X.2003.01.016
https://doi.org/10.5768/JAO201940.0601008
https://doi.org/10.5768/JAO201940.0601008
https://doi.org/10.3969/j.issn.2095-1531.2012.01.003
https://doi.org/10.3969/j.issn.2095-1531.2012.01.003
https://doi.org/10.3807/JOSK.2011.15.2.174
https://doi.org/10.1117/12.147156

-8 - AN S I A 5543 % 5 1)
1993, 32(9): 2271-2280. (18] BHHRE, SRR, 5k T°. 3T Bl (i) 9130 7 i CCDA

[ 14 ] TATARSKI V I. Wave propagation in a turbulent medi- MLV il % 38 o B I 1 (00, I FH Y62, 2016, 37(1):
um[M]. USA: Courier Dover Publications, 2016. 100-104.

[ 15] FRIED D L. Optical resolution through a randomly in- GUAN Mingzhen, ZHANG Xiaohui, ZHANG Ning. MTF
homogeneous medium for very long and very short expos- measurement of CCD digital camera based on improved
ures[J]. Journal of the Optical Society of America, 1966, slanted-edge method[J]. Journal of Applied Optics,
56(10): 1372-1379. 2016, 37(1): 100-104.

[ 16 ] FRIED D L. Limiting resolution looking down through [19] HOLST G C. Electro-optical imaging system perform-
the atmosphere[J]. Journal of the Optical Society of ance[M]. 5th ed. Washington DC: JCD Publishing, 2008:
America, 1966, 56(10): 1380-1384. 309.

(17 ] R, M6, = R, 5. n WOt da BLEAR AL 3 AL [20 ] Begirh. AKAOES: M), Jbat: BhF s, 2012.
MTFI &% 8 K 72k (3], D%, 2020, 41(1): 134- RAO Ruizhong. Modern atmospheric optics [M].
139. Beijing: Science Press, 2012.

KANG Dengkui, YANG Hongru, YUAN Liang, et al. [21 ] XUD, ZHANG X. Study of MTF measurement tech-

Measurement device and method of MTF for visible TV
cameralJ]. Journal of Applied Optics, 2020, 41(1): 134-
139.

nique based on special object image analyzing[C]// 2012
IEEE International Conference on Mechatronics and

Automation. USA: IEEE, 2012: 2109-2113.


https://doi.org/10.1364/JOSA.56.001372
https://doi.org/10.1364/JOSA.56.001380
https://doi.org/10.1364/JOSA.56.001380
https://doi.org/10.5768/JAO202041.0103001
https://doi.org/10.5768/JAO202041.0103001
https://doi.org/10.5768/JAO201637.0103006
https://doi.org/10.5768/JAO201637.0103006
https://doi.org/10.1364/JOSA.56.001372
https://doi.org/10.1364/JOSA.56.001380
https://doi.org/10.1364/JOSA.56.001380
https://doi.org/10.5768/JAO202041.0103001
https://doi.org/10.5768/JAO202041.0103001
https://doi.org/10.5768/JAO201637.0103006
https://doi.org/10.5768/JAO201637.0103006
https://doi.org/10.1364/JOSA.56.001372
https://doi.org/10.1364/JOSA.56.001380
https://doi.org/10.1364/JOSA.56.001380
https://doi.org/10.5768/JAO202041.0103001
https://doi.org/10.5768/JAO202041.0103001
https://doi.org/10.5768/JAO201637.0103006
https://doi.org/10.5768/JAO201637.0103006

	引言
	1 大气湍流参数描述
	1.1 大气折射率结构常数
	1.2 大气相干直径

	2 大气湍流对光学系统MTF的影响分析
	3 试验对比分析
	4 结论

