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Estimation of MRTD and Operating Distance of Infrared
Imaging System under Complex Atmospheric Condition
Based on Spectral Bisection Method
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Abstract: Atmospheric transmittance is an important factor affecting the operating distance of an in-
frared imaging system. In the process of atmospheric transmission, the infrared radiation may be affected
by the selective absorption of atmospheric molecules, scattering and complicated weather conditions. This
makes the atmospheric transmittance become a complex parameter. A spectral bisection method is used
to calculate the atmospheric transmittance. Firstly, the MODTRAN software is used to calculate the
atmospheric transmittance of each spectral line at a certain distance and establish a database. Then,
the spectral region is divided at a certain interval and the atmospheric transmittance in each mini spec-
tral region is calculated by calling the database. Finally, the calculated result is put into the model to
calculate the operating distance of the infrared system. Compared with the calculation method which
uses constant or average atmospheric transmittance, the calculation accuracy of the proposed method
is improved. The effects of detecting height, humidity and fog on MRTD and operating distance of an
infrared imaging system are calculated and analyzed.

Key words: infrared imaging system; MRTD; atmospheric transmittance; MODTRAN; operating dis-
tance

IFEEHER: 2014-12-08
TEHET: X F (1988), &, TEH LA, MEHARE, TELFONZ ARG TIERGETTHAE.

E-mail: fangwensun@163.com

http://journal.sitp.ac.cn/hw INFRARED (MONTHLY)/VoOL.36, No.1, JAN 2015



26 AN

Ap 20154 1 A

0 5%

W & ZL A1 B 2R S8 A 75 2 A0 R s vy
MAMHE T Z, EREEANRIERD
R B B RORR R B AR . RO R
G5 0 v A5 RE 32 A T ) 15 3% K2 (Modu-
lation Transfer Function, MTF), M= %501 2=
(Noise Equivalent Temperature Difference, NETD),
B /NA[ 43 R 22 (Minimum Resolvable Tempera-
ture Difference, MRTD) Fl &% /)N A] #R M ¥ 2% (min-
imum detectable temperature difference, MDTD) %
Sk W, MTF RSk 8 T L0 RAR R 4 25
[ B R FFE; NETD 892 Fl THiid R ny R &
JBE M S e M A DR /)y s MIRTD H 428 0 8% 1) R 8
JE. MTF, Jt% MTF flH 2% MTF E2 8455
R, MEARBER RGN EBEIER, MRS T
HmMB RS e e B, ENLI RSN
REIEIRZ —, A RFENERNERERLA S
S8, BRI ORI S 1 2 I R 1Y R 4L
B, B FRZKRR T EBEE T, AR
SHUAKBE IR FMN (. #i. = W) FHRERY
SR, RGN BE RS 00 A SR R 3, ERRE
R, ANT—BERA TR, SEa R
B B KRR T i O, (R R T i A i
HERAENRME. A CELHF5 MRTD 1%L
FHA, RS FBRELRYHFLT, FH
G EMEREITARSNERER, JEXE
RSN T RRE B E B B AT A 07
1 #F MRTD W sh Rkt % 4k

i 2

TERBAR R G, MRTD 2458 W £05h
ARG ER PO MBESBRRNEES R, €
(4 72 SCA R B A A [7] 23 6] 43 24 ) T 2% 32 H AR
KR @&GRELA 1) e TFHINERPEM
B 55 H R R 22 B B A2 KB NI 4 68 1
WLEE 73 B I AR 22 (50% MAER), X Fh
55 H AR 8] A9 1R 22 50K o A [ R T
MRTD, MRTD ff) — A% 3 [

o NETD a-8 \?
MITD () = AN ore () (teprde2 )
1

INFRARED (MONTHLY)/VOL.36, NO.1, JAN 2015

X, SNRpr HBEBREBL; [ A=
i MTF(f) WRSZH SHEHEE; o, 8 7
Tl Ay Wk Ik R 1) K -5 AR ELSK A5 S, R
By te R NERE AR>S IE), BRI X 5% ) L I
TE—E MR A RSN S R, XA
FUMIFE] 2928 0.2~0.3 53 Af KM H#SE 5 7
ok kiRl

H TR, X FLLINRR R SR MTF(f),
HEZBHRM AR MTF,, J62% KRG MTF, HlH
FAERGEM MTE, REH MTF(f) W&
MF RGN MTF (3,

e, -2 { -] >}

sin (7r~w1/2 . f)

MTFy = — (3)

MTF, = [1 n (2 w2 fﬂ o (4)

XA, w Ky BRI ES B %t B (4 BRI KL £ 5 S
K RGN A AU R . MRS MTF (f)
H

MTF (f) = MTF, - MTF, - MTF., (5)

RAERBRMEAERSE, AH LR
XA A VR AR NETD Al MRTD, Jf: i
AT AL BE A A 3L

FIA ik MRTD B ARAY, B0k S8 4 AU
LA R G EATUFE . Fr F Catherine-GP ZL
HIRRA Y PRI % & SOFRADIR 23 5] 7 (14 288 x4
JC HgCdTe R &5, YERES B IR 1. M4E Lk
HME 1L FHSE, A VC++ BT HSH
NETD=77.44 mK(T=300 K), 5/=MmMAEH Er
F [ EE NETD=80 mK fF&# 4. 7E 50% (4R
MAERT, ANIRWE RGN BEF BN 2.8,
PiEZERME 1 iR, 52330 (8] Ay i m
55 A H B ARG — Bk

http://journal.sitp.ac.cn/hw



FE36E BE1LH a s 27
% 1 Catherine-GP % #4569 M 48 & 2
JEH RS M #¢ (HgCdTe)
F % 1.7 BMGCHKE (um) 28
HYEFLAR (mm) 125.0 B SCFEE (um) 25
Iy 7 T I 0.80 TR 2% T H 288 x4
Mg AR (f/sec) 25.0 WG M S 90 1 (um) 8.4
ARBE 0.8 W fH D* (cm-Hz'/2W™1) 2.3e+11
K /% (rad) 0.15708/0.0524 THEp: B 8.0~13.0

| HMG /% (rad) 0.11781/0.0393

MRTDIK)
]

ficimrad)
B 1 RIS /Nl 4 B 2256 R B (R
REZE Ky 50%)

2 ARG RANE N EHE

2.1 MBEHREERE

NHRGE o B AR R GE 2 B b i A< 2% 1
Je: AEEBARN f B EARG TR %R F R
£ 2 RAFEMEIERINR R GG TR T 83
FT RGN MM A MRTD, [F H AR X RS
(Y 5K A Y32 K T B0H 55 T W56 S8 0T 2R 1Y i
/N F, B0

AT = AT, -7, (\, R) > MRTD (f) (6)
H 1
NeRzMzﬁ (7)

A, AT AL KRG B AR5 T R AE R
%5 AT A EARSE R LR FRRE; 7\ R)
RELLINE SR R km 5 KRR EL R H FH
PRI BE s Ne AN A WL 58 S8 S BER N 1 B AR 5720
FAEL.

http://journal.sitp.ac.cn/hw

H TSN RR R G SRS R
WO SRLRERFTREN, XLk HAR
PEATRREE I, PREE A PRAN H AR A 9 2 AR HE
A, BEF X MRTD #EA74 CBIE, BIEE
fly MRTD H

a-f

teprde )
(8)

K, e HEhr B ARSI RS T L SNR
RERMBEZR A P Ik A5 BB {5 B L 5 SNRyy, J2&
PRI A 50% B (1 4058 190 1 5 e L

2.2 KEELE 7(\, R)

TR0 F I B, A B8 E
MMBERIEHFM G, . = W) FEE, X
RFEAF 7\, R) B FEKMEEACH—1
Rz i, ML REOER R A, W R
MR, EXa5LRELARKER
7. B 2 J& 8 um~12 pm BN Y R SE S Rl
£, BB, ARG R KSR W E
X RAR L RGN .

R 6 BE %3k O R KRB R
(A, R), #|H MODTRAN # i+ 5 it — & K<
ZRAF T AR BB BE B I A I R KRB R,
IR IR WK TEE A A ~ Ao ] MOD-
TRAN B A 3 F WO S 6 S E B A 1 em ™!,
FrRoBE Ao ~ X Bh AN = N — A = 0.02um 5%
WSS, Hdri=1.2.3...n, n.= (Aa—X)/AN
H X~ N BT EIRCTE EI R R X AN WY E

2
MRTD (f) us SNR , NETD (

~ 122 SNRuy ” MTF (f)

INFRARED (MONTHLY)/VOL.36, No.1, JAN 2015



28 AN

Ap 20154 1 A

R, BB B 1 W 43— BE R
FHRACELEY

Ait1

1
SNV o )
J ~

K, j 4 MODTRAN R H AT A ~ Xy BIOGIE
O, W GmRRA LM E BN 7 2 MOD-
TRAN THEHH A ~ N KT A58 5% BT
X R RS 2

AR
B2 ARITEXERBTHEKHI 8 um~12 pm [
KA
2.3 EMTN SR

PG EERMRAEMST, SRR
Ay A 40% Fi1 80% Bk, L Catherine-GP -5
PR KB (BHLFE 1), MR H 125 mx4.8
m [ KALHEAT R EE, Al B H AR R R0 =
B Ik AT R 0 B /N R o BRI 2 M AR T EE RS,
B3 PR, HPESRERN 300K, BIRGH R
E AR ZE R 10 °C,

B 3 H AT LA, HRI0HE 2 A 4 0 v
ZLANRAR R GE Y MRTD MIE I BE B A A — & 5
M, BARRI A BB AR SR MRTD 1AL EE A
Bt PR v BE Y TR T, B TR, SR
AL 5 RR B R LA, RS MRTD
B, MIEEHE, Xl T KEISHIZEE
AL, RS KZER S /KR, B
WFLLANR S OB, BURBOR; K ZE R
WD HAMEAR /N, WLLHME S Wl B 1
Rk EE N

INFRARED (MONTHLY)/VOL.36, NO.1, JAN 2015

—— P=B0%ETFIMRTD (K)
—— P=80%E3#I{EFIBEBR (km)
—— P=40%EHI{EFABEER (km)
—— P=40%E3#IMRTD (K)

{E /R 25 (km) & MRTD(K)

FR AR (km)
Bl 3 5004 R 4 B 80% Ml 40%, 7 [a R
T ARG KHLATRBI A MRTD H1XE R Ay
EHBE =

25 g X LN S I AR F R A ORI, 1

4 RN TE GBI BE T 2040 AR 2R 48wl R B bR

B A MRTD F14E I BE B AR A0 ] . Hrp iy B R

XA Catherine-GP B 5 R (ZHILE 1),

WECIRE R 280 K, KA 81.42 kPa, T

AR R 2.3x2.7(mxm), HARSHFREHA

R 2 A 10 °C, FMMER K 80%. WK 4 7]

LB, HEHERE N, L08R R0

MRTD FIH B4R B, I UL 5% 2 4 £1 408 5 0

WORT BT VE AR 3, XL MBS B A R K

SR

——MRTD
—R

MRTD(K) & R{km)

0 © 2 3 4 s 60
HIEFREKm”)
B 4 RIMAEZE N 80% B AFVEERECT R4
XF 3 5 H AR W R MRTD FAF F BE &
I 5 Ry KR A T SR AR 80% I,
FIH Catherine-GP BIAR (8K 1) AR
[ 2% S8 BE 2% 7R T A H AR 3 5w AT R Y MRTD

http://journal.sitp.ac.cn/hw



F36% F1H 4

29

AR R AL . K SR E N 303 K, W]
PESH, MESKEENRE I, 25 MRTD fl
VE R BE B ¥R B /. X R TR ERE
I 2% A5 H A 7K 2SO L0 AR S RO IO P
MBR,

MRTD(K) & R{km)

TRE %
B 5 WMALEK 80% WA F 2 TIBER AT
Z GO0 H AR s v IR 5§ MRTD A4 F B

3 ¢

M A MRTD ) — BB 4R+ H T
Catherine-GP ZLAMRAL I B/ NAT 0 HRIR 22, 1T
R ST WNE R 2 E Skt GRS 2 it
Ly EN, 7EFE B MR R EL R ATIR T,
K G SFE AN T T B A RS T AR
H ¥Ry MRTD FIE I BE S, Jf0hot 545 R 4T
TR, BRI BEXTLL AN R GE 0 A F BE B A

WA, Ho 4 km ST R E Y, 1R
BEFNR] 2% g X £ A0 R GE Y AR BE B R ETR,
Tt R BOS LLAME I (Y (R R R R

S

(1] sKEE, 22 £} SFEBAESIIMRGRARM]. It
o TR AL, 1995: 229-242.

[2] 2R, L HE, K& ZLSNRER RS MRTD %
=R 5T [J). 52 BB Y63, 2004,25(6): 38-42.

[3] Portnoy A D, Pitsianis N P, Sun X,et al. Multi-
channel Sampling Schemes for Optical Imaging Sys-
tems|[J]. Applied Optics, 2008, 47(10): B76-B8&5.

[4] Buskila K,Towito S, Shmuel E.et al Atmo-
spheric Modulation Transfer Function in the In-
frared[J].Applied Optics, 2004,43(2): 471-482.

[5] £, ¥, R RBRRGEERSE MRTD
HwETTH [J].XFE5HEEA, 2003, 1(5): 56-58.

(6] w5 g, R o] S, % BIARRARMTLUAINRS
Y5 BE B A9 A5 55 ] £1 9 5856 T8, 2008, 37(6):
942-944.

[7] Ratches A J. Vollmerhausen H R. Ronald G D.
Target Acquisition Performance Modeling of In-
frared Imaging Systems: Past, Present, and Fu-
ture[J].Journal of IEEE Sensors, Invited paper to the
Inaugural Edition, 2001,1(1): 158-174.

(8] EBRER, K dtar, MEFE 5 RFEELLINRBR T H &
s /NTT A3 PRI ZE T 7 R A [J] 19 S=KIEAR,
2004,23(6): 436-440.

9] WA RV, D8 F RS EX LIRS
e s A5 [J] 409 5BHEITIE, 2012,41(10):
2600-2603.

(L& 15 W)

ARG TR T KR R E iR 2 5, &
A TR T M Y B B M T AR A I L B E i T
55 W T B BE AL DA B vy e AT ML B AR L IR B
W RELR I . ARG BA A BT 2
EHERW L EM LS, o] AT S s
Wy BT . fE M E ™ H EORR S, SE
AT DA X B 248 Bt 5 5 B i A xR g
#, JFAT AR 2 28 R G I A0 i i 4 IR 55
F, AR ER S, WERETS LR A
) EZIRR, ALIMELR IR R R 5
L R AE—Hr B A, ROTA Rl

http://journal.sitp.ac.cn/hw

M85 H1, HHEZ NREMN R EARIT R, #
ZEARRREH T 1.

SE 3

(1] X3, T2 4MRE AY 7K 8 (5] 55 200 75 I 2R 40 F
5 [D]. ¥ 32 K A,2012.

(2] K. L0 AN IR A FE HL SR SRR 12 W R R B O
[J].Z 3 FiER (BEFAR), 2011, 26(10):1-2.

(3] Ex. (W E R &%) B8l PID 1815 #6145 19 oF
i [D]. w4 /R ol K2, 2006.

(4] Z=IE IR, SRoK I8, FMEERE, 57, 7 A IA] % 2 A AR B 4L
SMEFETT RV RGBSR I B Resei%it 55
52, 2003, 243 T1]):69-70

[5] &, %#%. ASP.NET MVC 4 Web 4R32M]. &}
R H AL, 2013 42 6 A% 1 M.

INFRARED (MONTHLY)/VOL.36, No.1, JAN 2015



