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Combining-SNCR evaluation of dual-models aerial targets’
infrared bands
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Abstract: The detection of the aerial targets applied on the space-based platform has disadvantages of
long distance, weak signal of targets, complex background clutters and detector noises. Therefore, to
obtain the strongest signal of the target, it is crucial to determine the bands used during the process of
detection. The trapezoidal plume and the cone plume simulation model are systematically established,
meanwhile an SNCR method combining the signal to noisy ratio (SNR) and the signal to clutter ratio
(SCR) is proposed to determine the detection bands. The experimental result shows that, different aer-
ial targets have different SNCR values, but with the same peak value. According to the method men-
tioned above, bands have been determined and eventually the values are as follows: 3.7~4.15 wm in
MWIR band in which interval is not less than 0. 3 pm, 8~12 wm in LWIR band in which interval is not
less than 0. 3 pm.

Key words: infrared detection, infrared bands, SNRC, aerial targets, dual-models
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Fig. 1 The real form of trapezoidal plume
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Fig.2 The real form of cone plume
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Fig. 3  The simulation model of trapezoidal plume
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Table 1 The basic parameters of three types of tar-
gets
LA B2 F15 W
HLK /m 21.03 19.43 36.5
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HLEEAE I m 13 0.8 1.88
M 242 / m 1.1 0.6 0.5
W% I / K 1099 948 1099
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Fig.7 SNCR of B2 at a flying height of 15 km, (a) medium wave 3~5 um high cumulus cloud background SNCR, (b) medium
wave 3~5 um standard cirrus background SNCR,(c) long wave 8~12 pm high cumulus cloud SNCR in the background,(d)SNCR in

the background of long-wave 8~12 pm standard cirrus clouds

01 50 01
0.15 45 015 70
. ] 40 02 60
0. gg 025 50
- 25 @ 03 40
20 035 30
) 15 04 20
gO 045 10
) 05 :
335 4 4 335 4 45 5

Pel/pm
(@) (b)

8 FI57E CATHE N 15 km (1 SNCRH, (a) H1J 3~5 pm 5 A
() K 8~12 pm HF =I5 T HISNCR, (d) K ) 8~12 pmbrfi = 15 5t THISNCR

Fig.8 SNCR of F15 at a flying height of 15 km, (a) medium wave 3~5 pm high cumulus cloud background SNCR, (b) medium
wave 3~5 um standard cirrus background SNCR, (c)long wave 8~12 um high cumulus cloud SNCR in the background, (d)SNCR in
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Table 2 The parameters of tail frame

ML R RMAE R m, REK BB Rm, REK
(1,1,1,1)

B2 (1,4,8,16) Jo
(934,496,365,310)
(0.6,0.6,0.6,0.6) (0.6,0.9,1.2)

F15 (1.2,2.4,4.8,9.6) (0.9,1.2,1.5)
(805,420,320,260) (800,660,500)
(0.5,0.5,0.5,0.5) (0.5,0.75,1)

W& (0.5,1,1.5,2) (0.75,1,1.25)

(640,336,250,200) (640,530,400)
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Table 3 The parameters of detection system
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Fig.9 SNCR value of Boeing at a flying height of 15 km, (a) SNCR in the background of 3~5 um high cumulus cloud in medium

wave, (b) SNCR in the background of 3~5 um standard cirrus cloud in medium wave, (¢c) Long wave 8~12 um high cumulus cloud
SNCR in the background,(d)SNCR in the background of long-wave 8~12 um standard cirrus clouds
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Fig.10 SNCR value of Boeing at a flying height of 5 km, (a) SNCR in the background of 3~5 pm high cumulus clouds in medium
wave, (b) SNCR in the background of 3~5 pum standard cirrus in medium wave,(c)Long wave 8~12 pm high cumulus cloud SNCR
in the background,(d)SNCR in the background of long-wave 8~12 pum standard cirrus clouds
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Table 4 Radiation intensity of different parts of the aircraft in different bands

kAL B pm 4.05~4.15 3.95~4.15 8.5~9 9.2~9.6 9.6~12
- FE N ST 5 W/Sr 1438 1477 100 16 69
AR GO B W/Sr 1 440 1480 1479 420 2692
s FE N ST 5 W/Sr 313 321 28 4.6 20.7
R ST 5 W/Sr 313 322 188 55 384
. AR AT WS 101 104 15.6 2.7 12.5
s AR O B W/St 102 106 629 186 1223

£S5 ZEXNBREREE R TH SNCRIEERK R | K K B[R i E SNCR.SNR #1 SCR{E
Table 5 SNCR peak band, band spacing and peak SNCR .SNR.SCR values for three types of aircraft targets in

different backgrounds

PN By KL B pm BRI B um (& SNCR I8 SNR I SCR

B2 4.05~4.15 0.3~0.5 78.6 79 803

s F15 4.05~4.15 0.3~0.5 16.9 17 175

e 4.05~4.15 0.3~0.5 5.67 5.7 57

B2 3.95~4.15 0.3~0.5 80.7 81 600

bR S & F15 3.95~4.15 0.3~0.5 17.6 17.8 130

e 3.95~4.15 0.3~0.5 5.9 6 42

B2 9.2~9.6 0.2~0.5 18.7 18.9 118

K mHa F15 9.2~9.6 0.2~0.5 2.6 2.6 16
et 9.2~9.6 0.2~0.5 8.02 8. 12 50. 6

B2 8.5~9/9.6~12 0.35~0.5 73/131 82/174 165/201

KRS = F15 8.5~9/9.6~12 0.35~0.5 9. 8/20 11/26 22/30
g 8.5~9/9.6~12 0.35~0.5 29.5/58 33/78 66/89
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25515 M L AV 2% LIRS 1Y SNCR B H bR i3 B

N, o — ey OO References

TR, X SE IS b B AR RN AT A R

s s [1] Yang F B,Ni G Q, Yao ] M. Analysis on radiation con-
G A 25 1 = A . ’ ’
Zlijtﬁﬁﬂﬁ,n H 'fn w ke %ﬂ AAR H'/'Haé = EU SNCR{EXT trast of IR small target and background [Jl. Optical Tech-

FUAR B3 BeE AT B2, % 52 8L v H s 00 B A nique (G, BLEEISE , WESVEL. Z050/ N HAR S5 ¥ it
PR N A YR T KL R Y T S X HLIE EBESE . A ), 2006, 32(s1): 290-292.

- [2] Hodgkin V A. Impact of waveband on target—to—background
23 » kY = =4 DY = Lk & AN
FURIT L, PRI 5 2R AN ] 0 B (9 2041 B 45 contrast of camouflage[ J ].Proceedings of SPIE-The Interna-

FEJRXIAN AT S 250 T AL H bR i 5230 5200 525 ttonal Society for Optical Engineering ,2012,8355:40.



666 g hh 5 2 oKk I e 39 4

[3] Qi L L, Ji Wei, An Jie. Characteristic of Target—back-
ground Contrast of Actual Atmospheric Infrared Band [J].
Command Control and Simulation , (FFWEI, 7550, 2235 .
BT XBRSE BR AW LL M 58 B B AR SO0 L B AR
RPERE T RSB SR, 2016(1):116-121.

(4] Qi Ming, Liu Delian, Zhang Erlei. Band selection for air-
craft targets detection [T]. Infrared Technology, (R X
P, SR 4 . T m AL E AR B I Bak T v L 4L
ShI#2), 2016, 33(08).

[5] XU Yuannan, LI Junwei, WU Kaifeng, et al. Detection
band selection for mid—wave infrared spectrum using syn-
thetic signal—to—noise ratio [J]. Infrared & Laser Engineer-
ing, (Vr %, 25, BRIV, % CRHZGEEMRILEY
TG ER I B BRSNS TAR), 2014, 43
(7):2126-2131.

[6] Hanlu Zhu, Tingliang Hu, Peng Rao, et al. Key parame-
ters design of an aerial target detection system on a space—
based platform[J]. Opt. Eng. 57(2), 023107(2018), doi:
10.1117/1.0E.57.2.023107.

[ 7] Signature Prediction and Modeling, J.A. Conant and M.A.

LeCompte in The Infrared & Electro—Optical Systems Hand-
book, Vol. 4 — Electro—Optical Systems Design, Analysis,
and Testing, ed. by Michael C. Dudzik, Environmental Re-
search Institute of Michigan, SPIE Optical Engineering
Press, Bellingham WA (1993 ).
[8] Rao, Arvind G . Infrared Signature Modeling and Analysis
of Aircraft Plumel J . International Journal of Turbo and Jet
Engines, 2011, 28(3).
[9] Wang Zhongxian, Fan Xiang, Ma Donghui. Study on the
characteristics of the omnidirectional IR radiation of air-
plane[ J ] Electronic ; Warfare, (7ETRE, BE8E, SARHE . K
PLA [ LTAMESHRFERT T . BT 34, 2009(3) :42-46.
[10] L1 Jiairxun, TONG Zhongxiang, WANG Chaozhe, et al.
Infrared radiation characteristic calculation and image sim-
ulation of aircraft[J].Acta Armamentarii, (ZE7E ), #h
L, A RHLE RSN R S BR ) L
ETZ4R), 2012, 33(11):1310-1318.

[11] Silk J D. Statistical Variance Analysis of Clutter Scenes
and Application to a Target Acquisition test [ R]. Institute
for Defense Analysis, Nov, 1995:2950.



