10 3 Vol.10 No.3
2002 6 Optics and Predgon Eng neering Jun. 2002
1004- 924X (2002) 03-0276-05
)
( , 130022)
, LOWTRAN7
(TP732.2 A
L a( R) ’
; La( o)
Obyect plane Optics
7 icie _|I. )
' . can.,
1
[1] Fig.1 lllustration of IR point target radiation propaga
, , tion in the atmosphere and its detection.
, [2-3] , , IFOV (In-
stantaneousfield of view) ,
[4]
, , d f, IFOV = d/f
, |FOV
1 ) Lt ) Pl
1 1
:2002-01-12; :2002-04-19

(No. 96320 4.1 ZK1003)



3 277
P n-AQ-r ‘T.(R) - Ly- A (1)
' R T Lo Cr =&2-T.(R) Go, (10)
2 (10)
Cr Co T,
Pr=n 2 Tor LR AL () Ao To
3 n
A
Ps—n-ﬁi-To-La(oo)-(Ap-At). ,
n To (10)
Ta(R) R
v Ao At
Ap 3
A, = (IFOV- R)? A
8tl Tta
Planck (7]
Ao g ch®
Po =N - RZ'TO' La(oo) ' Ap (4) Lt(Tt) T eXp(Cz/)\ Tt) ) (11)
(5] , C1 C2 )
Ta, La(°°)
_ P - Py 1(
2 Cr= g (5 |
&%= AJ Ay, 1 A 5
La(eo, Ta) T exp(co/A Ty) (12)
CR :EZT a( R) L +L|—a6(l(ooR)) - La( 00) , (6)
( ! ) T.(R) =T nexp[ 94R] | (13)
Oa T H,O
Co,
L.(R) (11) (120 (13 (10) ,
T.(R) La( o)
[6]:
2 _ -
La(R) = La(@)[1-To(R)] . (D) R* = aexp(- 0aR) (14)
(6) .
L, - La(oo -1, X
CR:EZ'Ta(R)'_L?:f)_l’ (8) a=Tgyz Avtec o (19
(14)
Lo La(e R < /Ta, (16)
G = () ©) a R



278 10
(Range Parameter) (14) , Tm
, : O, ,
R a 3)
, IFOV K A ,
( IFOV , K
) K (19) , A
c ,IFOV d
‘ESVZ' o e f a  IFOV ,
LT-TTa) 1] A (17) IFOV IFOV
tia a , K ,a , K
0.02 0.10 (8]
Co Tn A
(14) R , , MWIR(3 % m)
Oa a O a LWIR(8 12m) a ,
Oa :
, R a R ,a )
(17) ,a 5
1) 1 LOWTRAN7? ,1976
Co Ac G Tt
Ta €y 2 3
, MWIR (3
, , a 3 m) LWIR(8 121 m) a
) a R 2
2) :H,O CO; 23km
Tn T T
1 1976

Table 1 Band average extinction coefficientsfor typica aeroool modesof 1976 US Standard Atmogphere
( P =1013mb T =288.2K RH =46 %)

Aerool Modds

3 fmkm?b 8 12m(km b

0 No aerol 0 0

1 Rurd extinction V1S=23km 1.6E- 02 1.4E- 02
2 Rurd extinction V1S=5km 7.6E- 02 7.2E- 02
3 Navy maritime VIS=66km (WS=7.2m/ 9 1.5E- 02 6.0E- 03
4 Maritime extinction V1S=23km 5.0E- 02 1.7E- 02
5 Urban extinction V1S=5km 1.0E- 01 7.5E- 02
6 Tropogpheric extinctrion V1S=50km 8.0E- 04 1.1E- 03
7 Fog 1 (advective fog) VI1S=0.2km 2.1E+01 2.4E+01
8 Fog 2(radiative fog) V1S=0.5km 1.1E+01 1.9E+00
9 Desert extinction VIS=76km (WS=0m/9 2.6E- 03 2.2E- 03
10 Desert extinction VIS=57km (WS=10m/ 9 2.1E- 02 2.1E- 02
11 Desert extinction VIS=16km (WS=20n/ 9 2.0E- 01 2.1E- 01
12 Desert extinction V1S=2km (WS=230nm/ 9 2.0E+00 2.0E+ 00
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2 Thn MWIR
Table 2 T ,, vduesfor different rangesin rura aerol modd LWIR ,
(V1S=23km) 3 '
Range (km) 3 3m 8 12Im 14 (17 1 2 ,
0 1.00 1.00 ’ R
1 0.62 0.88
MWIR , a =406. 4km?
2 0.53 0.81
5 0.39 0.66 R = 17. 5km; LWIR , a =
10 0.28 0.49 163. 4km? R =11.8km
20 0.18 0.28 3
50 0.07 0.07 Table3 Initid parametersfor detective range eval uation nu-
100 0.02 0.01 merica dmulation
100.0 A Target area 0.5m
€t Target emissvity 0.8
Tt Target temperature 300 K
100 Ta  Sky background temperature 270 K
E 0. Aerol extinction codficient 0.014 km™*!
‘g. . Molecular absorption 0.22 (3 3m)
= Lo ‘ " transmittance 0.39 (8 12m)
/7- IFOV Ingtantaneousfield of view 0.5 mrad
/ K Contrat threshold 0.02
1
0.1 ; e . .
16° 10' 10 i0’ 10* 10
Parameter a(km?) 6
2 3 ¥m a O,
Fig.2 Detection range as thefunction of aando,in 3 ’
%1 m wave band for different aerool modds. ’
[9-10]
100.0 . - . '
0 ,(;' ] .
a, )
10. a
a K ,

Ronge(km)

10' 10°
Parameter a(kmz)

3 8 12m

10 10

Fig.3 Detection range as thefunction of aando,in 8

121 m wave band for different aerool modds.
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Approach to estimate infrared point-tar get
detection range against sky background based on contrast

WANG Gang, YU Bing xi

( Changchun Institute of Optics, Fine Mechanics and Physics,
Chinese Academy of Sciences, Changchun 130022, China)

Abdtract : This paper investigates the approach to estimate the maximum detection range of an infrared
point-target against sky background based on the minimum resolved contrast (M RC) criteria. Firstly , the
characterigtics of radiation propagation and attenuation in the atmogphere , and the power reponse of a con-
trast-limited optoelectic system are analyzed , the goparent contrast model of a target is developed, and the
detection range equation dependent on the aerol extinction coefficient and range parameter are derived.
Secondly , other parameters such as temperature difference and emisdvity of target and sky , molecular ab-
orptive transmittance , instantaneousfied of view (1IFOV) , contrast threshold and radiant wavelength are
discussed in detail. Finally ,the numerical smulations related to infrared point-target detection range are ex-
ecuted udng typica atmogpheric data output form LOWTRAN7 code.

Key words: infrared; point-target ; detection range; contrast ; instantaneousfield of view
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