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The impact of atmospheric turbulence on the acquisition
range of airborne television imaging system

YUN Ping-ping, HOU Li-bing, BU Zhong-hong ,SONG Hui-juan, LI Chao
(Xi'an Institute of Applied Optics, Xi’an 710065, China)

Abstract ; Atmospheric turbulence seriously affects the imaging quality of airborne television imaging systems. In this
paper,an analysis is conducted on the imaging mechanism of optical signal transmission for targets and backgrounds,
and a Minimum Distinguishable Contrast ( MRC) -based television imaging system acquisition range model is estab-
lished , which includes atmospheric turbulence effects. The basic theory of atmospheric turbulence is analyzed ,and the
atmospheric refractive index structure constant suitable for helicopter borne television imaging systems is obtained. A
calculation method for atmospheric coherent diameter is provided, and a modulation transfer function for atmospheric
turbulence is established. Taking a certain type of helicopter borne television imaging system as an example, the influ-
ence of atmospheric turbulence on the acquisition range of the television imaging system is simulated and analyzed.
The simulation results show that the atmospheric turbulence effect seriously reduces the acquisition range performance
of the helicopter borne televisioin imaging system. The research results can provide a reference for the demonstration of
the acquisition range index of helicopter borne television imaging systems,and improve the accuracy of indicator dem-
onstration.
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Fig. 1 Schematic diagram of optical signal transmission

4

RS

imaging for target and background
T BRSO HAR 51 SO0 B A
R e . BRI SRR LR E AR .
L -L
- L + LZ (D)
K, C R HARRIE S LR L, S HbRSE B, s
W/m® « sr;L, NIF AL, AL W/m « s,
TEH I R G BUR G Fe b, BARFITE 50
XT LGRS o0t KAUE I D6 R G RNES 55 A3
RERSFEA T YIRS, IR BRI S B AR Y
PRI 52000, R, 51 A 45 289 1) 98 il 4% 35 pR %L
(MTF) .,
MTF J&t627 OTF MR IEHE 70  — Dkt
UG (B F-27 ) RGEM 67 A5 33 pR A (OTF ) 161




e 5 4 Ab No.l 2025

PUPPAE RO AL AR AR GEA T B 5 A 5 93

.

D AEAT SR (B 157 RGUARA — i (£R)
PHCRR KL, BT 0 — > 6 BRI B 401 Y i
MG IR IG 2 R — AR BB I3 R (1) 5

2)iEZ R () ¥ HCeR B AN W37 434 f (1)
PEATIE RORAE, W th R 0 A g (1) 55T h(t' — 1)
5 () ABTL

g(1) = [fOh( =0de = f() @) (2)

3) MRS RS BRI , AT G(f) % TP
i F(f) 5 RGELY R EUE H() e, B
G(f) = ONF() = (M(f)e™ ™ )YF(f) (3)
K, 0(f) St A% 8 s gk OTF, & 2 1A il 4% 3 R
K MTF FAR %36 s AL PTF f3fe R, Horbr 8 ] B2
M(f)F0 P () o35l 5E S
L () = 1 (f)
YD =1 + 1) )
P(f) = exp(-2mft) (5)
O, TR AR SO B e R AH 5 1, 2705 0 0 5 e
/IMEL
L EARBARGE R AT X T 0 R R
PEGIRTE— DR T IR RS, RS0 W A%
R EL(MTF) J2 41 R 48 MTF 1y i%5fe, Bl .
Mya (f) = M (f) = My(f) = Ms(f) =M, (f)  (6)
PRI, 7R T Y AR 5o0f AL s /e, A
R A Jr WL 3 i) B AR5 15 5 A6 R Rl R =03 3R
it
¢ = C, x MTF amsp}m(f) x MTF,,. (f) x
MTF 4o (f) X MTF, processor (f) x MTF, disp]ay(f)
(7)
A, C O NIRAE XS LI ; €y 3 5tak HAR RIS
SRS EEE 3 MTF ppene () 2R R T £ 328 1R
MTF .. (f) by HOBE DG 2 & 48 A i 1% 33 o6 2L
MTF e (f) D WAL 2RI 25 94 ) A% 36 26K
MTF oo () R A5 5 FHL - A0 39 1] 4% 326 05
MTF g, () R 07 25 8 il 4% 356 R B
R e RAUFE SR, 32 2 RAUUE I
W ST BRI it S5 5 i, PRt , R A o 1% i
PRI MTF oegpene () RN -
MTF e () = MTF o (f) X MTF iy enee ()

(8)

ﬁq:" MTFaeroso] (f) %%k%%?ﬁ%{gﬁ @ﬁ’
MTF tence () F27R R L 180 i) e 3t PR K
1 TR A BUESRAR N, R MTF H 2

SRR 25 AR, BRI MTF . () 55 7615
i@k%iﬁﬁ% Tatmosphere ( R) o) ’ E‘[] .
MTFaem (f) = Talmosphere ( R) (9 )

NI, R Tl 4% 328 PR MTF e (F) TS
W/
MTF atmosphere (f) = T atmosphere (R) x MTF y1enee (f)
(10)
PRI 45 8 4] £ 328 BRI MTF e (F) THEE N
AW
MTF e (f) = MTF, (f) + MTF (f)

sin(maf,) sin(mpf,)
- Trafxf . Tr,B]?f (D
A, a B AR AR A5 75 /K - 2 Ly ] 1 =5
] 5K A o
5 R HL AL BRI A5 % PR MTF ... (f) T
BAXNE
MTF e (f) = MTF ., (f) « MTF ., (f)
MTF ... (f)

1 . 1 1

fiL,Z fiez. fiez,sv
/”(f}fm) /”(fgdn) /I”fm;’

(12)
AP R AR FIE S g 23 ARSI B HCR
i JEE ORGSR AR S T A LR 1Y) 3 dB
H B o
B g VAl ) 4% 3k R B MTF i, (F) TR S
R
MTF ., (f) = sinc( oy gpf) (13)
A, o FR B g X IR A9 25 (A 5K A
MTF . () 19 HL R AR R G267 2R 50 I8 il 4%
i R, TR ZMAX B A E
RIEAF(10) ~ (12) a3+ A AR R 42
AL R G RN Bona 1 1% 14 e g MTF ., (f) 9
MTF,...(f) = MTF ;. (f) x MTF,...(f) %
MTF ppeesior () X} MTF g, (f)
(14)
AT, N HR B 5 W€ 30 1 H AR 5 7 5B % b
CH:




94 5 RS AN

55 %

C = Cp X Tymophere (R) x MTF penec (f) %

MTF..(f) (15)

N HR WS 7 4% R 58 o0 B AR 4RI 5317

), 7 B NHR B o W€ 3 9 B s 5 8 Sty XT LB C
AT IR BIE X EEBE CTF gy (f) , BV

C = C, x T atmosphere (R) x MTF ppenee () X

MTF .. (f) = CTF . (f) (16)

HLAL Y S5 /N AT 43 BEXRE LG BE MRC (f) TR

X
CTF

MRC(f) = MTFsym.,,((sz) (17)

FRYE TR 50, AR BI{E XS EL B CTF yy (f) HL
0.02" MR L WL A% 2R 8 BT S 80T LA
th MTF .., (f), T AT LAAS: H e /s AT 43 380t L i
MRC(f) o

T, 00 B A% 2R 490 BE i 16 00 AR 31 s 1) 55
4

Cr = G, x T atmosphere (R) x MTF pene. (f) =

MRC(f) (18)

A, Cp FRAFRMNS LLEE 5 C, ek HAR I 5
FIXT LU BE 5 T osphere ( R) FE/NBE S R AL I BEAR DG
SRR A B 1 1A AT LA — 28 KA AL i B A 4K
A, e LB R AL F AL LA . LOWTRAN
MODTRAN .HITRAN F1 FASCODE ; MTF ... (f) H
KA A BR AL R B8 HUI B 25 s MRC (f)
St/ INAT AR HERT R, AT LAGE 285K (17) g
P34 B LB F R R 2R e 52 LA S AT LA 3 it
BEAS It S ) d5e /NPT 3 HEXT ELBE (MRC)

MR B R A 0T FE R R Ge A R 25 Y
SR I, LA 2R SR BRI R YR E RR i 4
4

Cr = Cy X T yophere (R) = MRC(f) (19)
3 KSHREARERRED LR

AR A, — M R AT S 3R A H 4
C.? FIRSHM T EAR ro XPIAS O KA iR
BV o B EEHE R B S I T A R A RS T it
REER R C.7 AL Freid FiFE AL Brookner
PRI IR | Tatarski J5T30 5% | Hufnagel T3 45 750 A1
SLC-D il Ao 750 41120 s 6 485 00 ) M TG 125 3 Ay 7%
TR 5 B R o X T TR AR R A4
ARG, — M C AT EEELIR (500 m DY) ,iE ] Tatars-

ki BT A
25, AR

C:(h) = Ch™ (20)
X, € =416 x10 " m ™7

R T AR ) ROBE R A R G I B T4 3
SR, Fried #2447 KA T HAEMM S, KRAMHET
EAR ry SRS REE 4 F 2E UIAH G, X T8
HBRTH I , RS T EHAR ry M-

ry = 0.1851%° [f: (%)ysci(n)dn]

U R O EARER I A IR AR B 5 A D P B
TS 38

FLTALER A A SR 28 GE A =i B H AR % i v iy
BET m By HARIEAT LSS (ORISR, A 2 EL
i LSS 0, FIRDLI G R dy = [ - R/(H -
1) Jdh, 23K (21) Al A -

H
- 0. 185,%° R H -
o A [H—lfl S

IR TS ] T 0 = A B R R

-3/

T (21

-3/5

h
1

)G hyan]

(22)
TG Y™ —FE , E R 28
A7 77 HE AN [R) P IR WA DX Sl i B8 Bt ] A8 4, X
HAR PRI AR SRR E b . b T 8 3Rk
T B A2 BB T, 2
8754 Jpil N I i 7R vt 7 I N U e S T 5 WA T
PR A5 44F B A I MTF B DL B AT A
1000A7, "

IOOOAf) 3
D

MTFIurbulenue = exp% - 3- 44 (

[T -al 11 (23)

A BB DS () 5 D R leae R GOt
HAE (m) 5 f S W) 3 (8] f A48 (eycele/mrad ) 51y SR
ST ERE(m) sa FXE AR ST R Fried {2 1E
PSR

A (20) A (22) RALA(23) AT
MTF, ... =~ exp{-51.3 x I°RA"*f* (H-1)™"" -

Ct-a QM) T [ (=1 any

(24)

ELTH LA AL B 2R 4 ) Ml T A s B 5

BAZIAEE BB RN T 10 ms, 3 HL.(RN) 2 > D,

J& T s AR X AR Fried #3 o {HEL 0.5,
BRI, A i 90 V8 il 4 326 R SN



% 5 4 4 Nool 2025

PUPPAE RO AL AR AR GEA T B 5 A 5 95

MTF, ~exp|=57.3 x I0RA?F7 (H -1)™" +

3o
I(XX)/\f) Jf (H - 1) h ™ dh|
D i

turbulence
C[1-0.5¢(

(25)

A BRI () 5D o6 RS0
fiit 42 (m) of )23 (8] F A2 (eycele/mrad ) 5r SRR
SARTEAR (m) R Sy A H 2 00 1 i A i A28 1
(m) ,H RERE (m) , €} = 4.16 x10 "m ™7,
4 KREiminxt B IAIE A EE B 0oT

R T B UER A A BT AL R AR R G
FHER B0 520, B X I8 RS it AR R i i A& A
Xof AL ISR 2R G 1R 400 B B AT N B B 4R Rtk A T 45
FAFEIHT . SR BT LB AR R G0 T AR
B 0.7 ~0.9 wm I 2L B, BOZ I B vh o
KA =0.8 pm, 62 RGO 42 D =64 mm, fif
FHdsc/INA] 73 BT LE R (MRC) 0 3815 8 P00 75 v AL
BAZ S MRC 4 anie 2 fs

0.14 T .
0.13 4 } i 3 boodeadocden BNt Y
0.12
0.11 1
0.10 1
0.094 it T
0 0.08 i e
‘:‘2‘0'07_ .....
0.064 . = bosgeosdooctocohondene st costecnbosdosstosatsoctese

.= MRJ-

0.05
0.04 e e
0.03 DU 00 0 0 0 - B 10 :
0.02 = WO 0 D
0.01 4 bl = i
0.00

T T T T T T | T | T
0 2 4 6 8 10 12 14 16 18 20 22 24 26
73 (A A% f(cycle/mrad)

B2 SR ARG R MRC £

Fig. 2 MRC curve of television imaging system
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