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Abstract

Due to rapid development of infrared guided weapon, survivability of armored vehicle is severely threatened. Hence, reduction of

susceptibility by lowering infrared signature level is essential to enhance survivability of the vehicle. For this purpose, numerical

analysis is conducted to analyze time and spatial characteristics of infrared signature of the vehicle when surface emissivity changes

in this study. The analysis shows that the emissivity which produces minimum contrast radiant intensity is significantly altered by
time and detecting position. Based on the result, it is concluded that the controlled structures which have different emissivity should
be adopted at different region of the vehicle to effectively decrease infrared signature level.
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Ah AP gRelA gat Abe de] ol e adHon
=0 ¢ Qe AFdeld HlM 7 Fa8k A
&t FAdE FAE B AAE, B By 2% e
TR F717F A4 Ak S gelian A2dle
el A 7hs A welM Al 4ol Thed =
F717F 8 Ager A g Ao 53 HA f=R
=< A fFEAE Agsta gled SxEc] sk
W] AT 2P 284 @2 5% frie(passive guidance)
WA A F B2 (fire and forget)olgte SA W]
Aol fr=F71e] Ade A SHE ik

Ao AHEEE AYA g g A div]e] Fit
5474 27 =& Weed shte 3~5um 39 $A A

(mid wavelength infrared, MWIR)H 9ol & 3l
8~12um o] YA} (long wavelength infrared, LWIR)

dotHKim et al., 2016). 3~5um &
opfe] oA WA 4lToln izl o FHE o
H7]7k27F F8 wAdeltt 8~12um A4 A FE 300K
el HAbE] = Alseln waba] A]3EH o 21T
AT} 2E Ao e Bty 23719 A gx1717t
ol A= 3~bum o] A9 Alsnt &) &
AATH HA Aed &A= 8~12um el As7HA]
g2d ¢ 7] wEo] FAH9 e WForFEH Ao
ASE A5 F k. 53] A4 A9 g7l
W (focal plane array)

FHE g5317] vl t3io]E AHEg 7Ivte] o .
aejeR wjgI FAAA Zbz gatE e Ao o]
Aol & QIMehe Ao 7719 544 = Alel9] || Aol
Zole Ao AEA e a3t} 53] ALz ks o]
A B4 7Fsd 8~12um o] A 4ls AHE Fole
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(Jacobs, 1989: Westin et al., 2003; Jacobs, 2006)7}
TR gov, FAH] WEel IMe A Ao
on, 53] & w3 Hed Ag A7) vig FEt
RZ23 AAo|th, upgba] B A=

9 Ae Az Sfsl Ak AR Al
A st o, gAY we
e} Hod As HsE AREna do 59
B ALl olgk dafo]l 7] wiiel] W3t W
et A9 As vme sstazt gty oS g8l dEIR
<l RadthermIR 10.4& A3l FX]8|14& g om
FH & AL HoA ojnjA] BPS AX HFHOR

hB]EA = (contrast radiant intensity, CRI)Z 34

E%OPNOEiOS‘J
o LN wY o
o N
= Zi—e_;
o 3B ol:ooﬁ
o 1o mk
o
img
g 2
g, o
T
O
= ‘l
- _l
ﬂfio r
S
FU

2.1 &3} A4 A% 54

Fkl

Ao gHE AA Bx|7|2 AlEE JqUAE T4 F
FRE 7RY 3+ Aok shie Edo] AAdoR WAt
izloln] the shbe 4] T HAelA WAk & o|qA]7t
#49 FWe] =D F DAlEE duxolth. aelm WA
o AT B}
Az 2 oir]elA Aoz Qg EAMMXH o= #d
A}, o2 pue Aoz mHs gew 2o,

Ltm‘get,total = SLself e:mission+ prackground (1)

Lbac]cground = Lsunshine + Learthshme + Lsk‘yshine (2)
47|14, L& radiance(W/m” - sr)ol s@slm, e p=
247y B gARE B kS ofn| gt

A, olluA] BE Bl g H‘*He HEAL(p),
FH(HE AUAE thxel ez yekd 5 3t (White,
2012).

etTHp=1 (3)
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1%

o7, B Qe w2 o] 2
E4ol7] i) oA HEAL WAL wabEe] ozt
FEHH o5 o] gal A (1)& ¥E
cheat 2ol WAkl g Aozt XAT 4 9

L =el

target, total self emission + (1 - 8) Ll)a(‘kgrmmrl (4)

2.2 ]S E

A9H $E B9 g Qold A9 o6l
wA3 A BAjedA] e oledl EAL wAGT

web BAe) BAluA] 2717t Arjgke we] Bl
2706l e} dolAe vz} Sl ZAe BAuA7}

Hj7e] BAlUR| B} 2 ¢ kel div](positive contrast)
7F et A5 A E«] tH] (negative contrast)7}
g, A9 ofm|AJellA] sk olHE e #E BT
gkdstz] ffsl olwlAelA zh A Ad iH] (absolute
contrast) &= B W # AH&shet] ole thae] AoR
FAEHKim et al., 2014).

It
Z‘LT -

Gy = (5)
A7, N A olulA] welN EAG] Sele & B4

ol L= %40 &3t /M A9 radiance, Lz
w7 radiance® 9vlshy, ztze] A
EA} ¥ (absolute contrast radiance) & 2F lﬂﬁi "4’%
FAl| &ols T JAFE 1/}_,.1:4 FA49 B Ao EA
E ol ajFele ¢, (W/m? - s1)E 97 d.

agja P A BAb EHH]EW] #A4e] AA 94 4,5
ot Ao AT AHSQ tHEAE T dojA o] =
theel 2lo® FEHA

CRI(W/sr)=C,. <X Ap (6)

Ao ofuA] sfAe sl @Al de] AHEE 2 e 34
Az e -5453]'04 Ao et Fef = Sestele S
72\ ARl A Y eh= w7 G =2 Qg 2HA| <
A ’é}%—% BARE] flel 2 Wil <lxle] Wi uy7]
YEZ F7lIHth. RadthermIRS AMHESte] G dia&



Internal heat source

Fig. 1 Tank modeling and surface mesh

TP o FH Azt AHEBR [CEM CFDE AMHSl %
86,872 719l AAE Fig. 13 Zo| At

Aze] AAe 28 QAo FALAF L (rolled homo-
geneous armor) o2 ARG om FAE A T
FAE 10cm=, 1 5o AR FEd] tigixs Iem= A%
stk 713 239 AS 718 SdolHE HlEeR
20159 % A& & -]'T A 0x1eF 12419 717 HEE
ARERIATE TR e AEe A2 ol ~TBES A
stlom Hak EHO WALES 0.1F8 1.07H4] HsiAA
7h A Agsigitt. iR 9429 A4 & AFelAle
AR7} A Zgelel] sivkaL 7Fgatsir] wiiel] aiA] Al ol
AR 77 S wjo] FIALD ATE A8k At
w7l 9EQ| A to) 72t HES] Al w77k~

2=l 772.15KS AAZA R AAeiglon] HE £ g%
g}g @—.7] WZ7)= 500K .2 Agatint. oA dak &3t
TFAARl x]|lA Z=HAL Table 19 %233

74]*&_ FHEEE 7IRte 2 i EHH w39 radiances
A4S 4 9lem, RadthermIR W2 BRDF(bidirectional

Table 1 Numerical conditions of IR signature analysis

Condition Value
Location Seoul(N37.5 E126.9 Time zone
+9 hr)
Weather condition Summer day | Summer night
Air temperature(K) 298.85 293.05
Solar irradiance
(W/m?) 852.78 0
Sky radiance
(W/m? - s1) 8.96 17.03
Ground radiance
(W/m? - s1) 50.80 30.31

Asphalt, black

Ground condition (Averaged £=0.91)

Target surface emissivity 0.1~1.0
Exhaust temperature(K) 772.15
T issi 1
ransmission cooler 500
temperature (K)
Convective heat transfer 10

coefficient(W/m* - K)
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Detecting position

Rear (180°) Front (07)

Fig. 2 Detecting condition of tank for computing IR
image
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Fig. 3 CRI of tank as function of detection angle and
time at €=1.0 condition
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(b) Day, rear

(a) Day, front

-

(c) Night, front (d) Night, rear

I |
20 Radiance, 8~12um 100

[W/m2-sr]
Fig. 4 IR signature image of different time and
detecting position

(b) Night

140

Fig. 5 Surface temperature distribution of tank at (a)
day and (b) night time

0 Temperature [°C]
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Fig. 6 CRI of tank as function of surface emissivity
and detecting position. (a) front, (b) rear, (c) side
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(a) Day, £=0.1

(b) Day, £=0.88

(c) Day, £=1.0

(d) Night, £=0.1 (e) Night, £=0.7 (f) Night, £=1.0
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Fig. 7 IR signature image with different emissivity at
front aspect

(a) Day, £=0.1 (b) Day, £=0.6 (c) Day, £=1.0
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(d) Night, £=0.1

(e) Night, £=0.6 (f) Night, £=1.0
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Fig. 8 IR signature image with different emissivity at
rear aspect

(a) Day, £=0.1 (b) Day, £=0.6 (c) Day, £=1.0
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Fig. 9 IR signature image with different emissivity at
side aspect
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