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Effect of the background clutter on the operating range

of infrared polarization imaging system
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Abstract: The operating range model of the infrared polarization imaging system was established based
on the minimum resolvable temperature difference (MRTD) between the target and the background. The
impact of the background clutter on the operating range was also analyzed. Simulation results show that
the operating range is concurrently dependent on the target/background polarization characteristics,
atmospheric transmission and the observation geometry. Among these factors, the background clutter
greatly affects the operating range of infrared polarization imaging system. Besides, polarization imaging
mode and intensity imaging mode may have different advantages compared with each other under
different imaging conditions.
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Tab.1 Johnson detection criterion after

background clutter correction

Clutter level Examples N,

There is little or no object in the

Low clutter ) . .
field of view similar to the target

Object in the field of view is
Moderate clutter . . .
intermittently distributed

. Field of view has a large number of
High clutter . ..
objects similar to the target
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Tab.2 Parameter settings

Parameter name Value of the parameter

Temperature: 24 C; p: 0-10%; a,: 60°;

Target
age Observation zenith angle: 80°
Background Temperature: 20C; P 0.5%; a,: 0
F: 100 mm; Pixel size: 15 pm;
System

NETD: 20 mk; ,: 90°;7,: 0.9
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—— Observation nadir angle 90° Observation nadir angle 40°
—— Observation nadir angle 80° —— Observation nadir angle 30°
—— Observation nadir angle 70° —— Observation nadir angle 20°

Observation nadir angle 60° Observation nadir angle 10°
—— Observation nadir angle 50°
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——=— Observation nadir angle 80° —— Observation nadir angle 30°
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Fig.1 ATD (a) and atmospheric transmittance (b) with range
under different observation nadir angles(The curves from
top to bottom represent the observed variation nadir angle

from 10° to 90°, change interval of 10°)
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Fig.2 Relationship between ATD and polarization characteristic of
the object(/,=40 km)(a) change with p, and «, (b) change
with ¢, (¢) change with p, (The curves from bottom to top
represent the observed variation AOP from 0° to 90°

change interval of 10°)
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Fig.3 Relationship between MRTD and range of different clutter

levels after atmospheric turbulence correction

33 ERBEEHELER

2 WL Tk 22 FIAS [] 2% 18 55 2% MRTD Fifi B 25 722 4k
T 28 52 A5 B A8 A A (B BD 2 S i IR AR R G 7 % 5
BT WG AE R RE B, I & 4 B, X Bk B AR
(i 21 A0 UG A58 2K R D B 18045 (I8 21 81 D i
BB Y Fim A FH R B (W3R 3) T &k B, 7E SC b ik
FE ST AR 24 0 45 O AP SR 01 R 42
YEMBE B A sEm #PAE 7 K, AP SE T — 9%, i
TR A B R B2 1/2 5 1 X AT — 290 5 94, R
AR B G A FH IR 8 1 KT 0 B AR, Ul W TR 2R
Ml i B AR AE — € S N AR T R G R B
BT ARIEAR(G), B Z G ' R A T
BN 51.126 2 km

1004003—-4



oGk T2

% 10

www.irla.cn

% 46 %

=== Low clutter MRTD(N=0.75)
Moderate clutter MRTD(N=1.5)
= = =High clutter MRTD(N=3)

—#*— Intensity imaging

—&— Polarization imaging

¥ *

S 7 S

8 :

g o :

g :

g 5 i | ;

§4K;M_m

s 0

= 2t ]

g .| ; ;

el ! ;

<, A A
0 5 10 15 20 25 30 35 40

Range/km

P 4 iR B2 RS AR i i 2 AR F5 3 A T B g
Fig.4 Intensity imaging and polarization imaging farthest range
*3IRIZIEAES
Tab.3 Farthest operating range

R4 FERIRERZERES
Tab.4 Farthest operating range under different

degrees of polarization

Farthest operating range/km

maging mode Low clutter I\/[C(;itetrj:e High clutter
Intensity imaging 36.554 1 18.169 0 9.019 3
P=0 36.3717 18.076 6 8.970 5
P=2% 36.5154 18.146 8 9.006 8
Polarization P=4% 36.642 7 18.2155 9.038 9
imaging P=6% 36.7680  18.2746  9.0685
P=8% 36.8858 18.330 5 9.0979
P=10% 36.988 6 18.386 0 9.1250

=5 H b i I A AN [ (UL P 6) , ezt A4 B i

Farthest operating range/km

i D% A 130 58 o i 8 (L 3% 5) , A 330 U 9% A A6 i 75

Imaging mode

Low clutter Moderate clutter

High clutter

Low clutter MRTD,N=0.75 —&— ATD,a=40°
Moderate clutter MRTD,N=1.5 —§— ATD,a,=60°

Intensity imaging 36.554 1 18.160 9 9.0193

Polarization imaging 36.768 9 18.274 6 9.068 5

2 H A i 9 B AN R E (DL 8T 5) £ 3P 3 E 1Y
BT, B A 4R B BN (I 4R 2 0.2%),
JEEPRDNAIE i e RN, Bt 5 s i 2 ) 150 v i £
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Fig.5 Farthest operating range under different p,
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Fig.6 Farthest operating range under different «, (p,=10%)
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Tab.5 Farthest operating range under different

polarization angles

Farthest operating range/km

Imaging mode Moderat
Low clutter oderate High clutter
clutter
Intensity imaging 36.554 1 18.169 0 9.0193
a=0° 33.573 8 16.689 6 8.280 1
a=20° 34.652 2 17.222 5 8.547 2
Polarization o 36.0098  17.9388  8.9030
imaging
a=60° 36.988 6 18.386 0 9.1250
a=80° 37.3959 18.589 7 9.2256
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