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Modeling and simulation of stealth target with THz passive sensing

SU Xinghua, HE Ping

(Shanghai Institute of Electronic Commutation Instrument, China Aerospace Science and Technology Corporation, Shanghai 201109, China)

Abstract: Because the reflection cross section of stealth target is too small, the detection effectiveness
by active detection method is limited. Active and passive joint detection is an effective way. The
characteristics of passive detection is analyzed. Based on “am”(atmospheric model), a modeling and
simulation method for stealth target with THz passive sensing is established according to the requirements
of detecting hiding aircraft from ground-based and space-based. The analysis of comprehensive indexes is
conducted combined with remote sensing system. The basic technical requirements of this task are
concluded.
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Fig.2 Geometry of ground-based and space-based remote sensing
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hiding aircraft forward simulation from ground(target 15 km above ground, 100 km from
the detecting place, 1 Mach speed, red: without target in clear sky, blue: with target in clear
-84 sky, green: without target under RH100%, magenta: with target under RH10%)
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Fig.3 Background brightness temperatures with ground-based detection(red: standard atmosphere; green: lower atmosphere with RH100%)
3 HEE R ol (2 R S 2K RH100%)

difference of brightness temperatures with or without target from a height of 10 km

250f-- -

D00 sz g

with target

B e without target .

brightness temperature/K

100 120 140

80

2‘0 40 60
fIGHz
Fig.4 Brightness temperatures of background and invisible plane with ground-based detection(red: without target; blue: with target)
4 HBEERR S WAL A AR S SER (L B A AR A B
T 405 AR, BiAFR 1D IB S AL S EI F22 o), R BE BB AL H AR L AE T AR 50 m?
ZeAr), W% H 100 km AhSE 3 H bR O A 0 R A B SONL S I8 B A REUZ AR LR S T R 2.
13 RS WSIMELS S

Tablel Shape structural parameters of three invisible planes
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invisible aircrafts

parameter - X . .
the first generation:F117A the second generation:B2 the third generation:F22A
length/m 20.09 21.03 18.90
height/m 3.78 5.18 5.08
wing span/m 13.21 52.40 13.56
wing area/m’ 105 — 78
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Table2 Remote sensing characteristics of window frequency with ground-based detection

aperture (antenna)/m  beamwidth estimation/(°)

Qi Qune ATK

conclusion
1 0.70 4.27x10° 5.12x10° failure
30 GHz:|T-T,|=120 K
10 0.07 0.004 3 0.51 success
1 0.231 3.92x10* 0.0157 failure
90 GHz:|T-T,|=40 K
3 0.077 0.003 55 0.142 need cryogenic receiver
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hiding aircraft forward simulation from airborne(airborne altitude 5 km; target 15 km above ground,
100 km from the detecting place, red: without target in clear sky, blue: with target in clear sky
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¢.5 Difference of the brightness temperature with limb detection on 5 km high-altitude platform
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hiding aircraft forward simulation from airborne(airborne altitude 10 km; target
15 km above ground, 100 km from the detecting place, lmach speed, red:

without target in clear sky, blue: with target in clear sky
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Fig.6 Difference of the brightness temperature with limb detection on 10 km high-altitude platform
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Table3 Remote sensing characteristics of window frequency with space-based detection

aperture (antenna)/m frequency window beamwidth estimation/(°) Q/ Qi ATIK conclusion
. . 140 GHz:|T-T,|=166 K 0.074 9 0.003 73 0.618 success
airborne altitude 5 km 2
220 GHz:|T-Ty[=110 K 0.048 0.009 2 1.01 success
220 GHz:|T-Ty[=213 K 0.048 0.009 2 1.96 success
airborne altitude 10 km 2
340 GHz:|T-T,~181.7K 0.030 8 0.021 9 3.98 success
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