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Choice and detectability of See-To-Ground waveband of

infrared warning satellite
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(Institute of Electronic Countermeasure, National University of Defense Technology, Hefei 230037, China)

Abstract: The detectability of See-To-Ground (STG) wavebands of the infrared warning satellite
computational models were constructed, and the possible wavebands range and the role of this STG
waveband in missile early warning system were studied by simulation on the basis of those models.
Firstly, a series of models for the infrared radiation model of solid and liquid rocket plume, the
atmospheric background radiation, the point target radiation flux apparent contrast spectrum, the system
noise and the lowest detection height were established. Secondly, the apparent contrast spectrum of solid
and liquid rockets plume were analyzed and the STG band was deemed to be 2.86—3.0 wm. Thirdly, the
detection ability was preliminarily investigated based on the analysis of the rule by which the apparent
contrast spectrum of solid and liquid rockets plume varied according to the height. Finally, the
detectability of SBIRS—GEO warning satellite at STG band was studied thoroughly, based on the analysis
of the first detection height under different condition. The research shows that the STG band possesses
superior early warning ability to solid rockets, and weaker early warning ability to liquid rockets.
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FLUENT B8 B, Ho B4 h Sk 7
0 51 § RS 2 9 3 00 ) B MR B R S R I

K IE LA R B (Space Based Infrared Systems,
SBIRS) fii & T & J& 3& %5 WA = By 3¢ 2 3 2l
(Defense Support Program ,DSP) il % 1 & ifij % & 1
B B U TR R GE, JE A AR KA B
(Highly Elliptical Orbit, HEO) i % 11 j2 1 b £k [5] 25 5l
il (Geosynchronous , GEO) Tl % 1 & , A %} DSP il %
T A SBIRS-GEO T A& T4 i Bt 7k J5L A i i 21 4h
(Short-Wave Infrared , SWIR) Fl /1 i) 21 I (Mid-Wave
Infrared, MWIR) [ 3&al F 3400 7 15 40 H 3 (See-To-
Ground, STG)# Bt ., €Mtz 22 ®l B I 57K STG
B AT 45 A 85 R 1 it (Technical Intelligence , TI) F1 i
3 75 [ ##§ iR (Battle Space Characterization , BSC) fij
N R AR 71 P 1 1= D B e SR Z 4 I B AN
A BN 7, 7E STG % B, WA 3 55 2 i 53 6 55
7 b 35k /K0 ¢ 4 S i 2012 i L STG I8 By 52 A7
FEJCTE T s 2R D0 (9 W RE o PR ) SR T B o A b S
#r SBIRS 1% L& 2 4t i) WU At )1, 7 2 %F STG i
B e i Re h ik 2% IRARS, B, H
P 2 0 0 TR SR 7 A BF 5 B T AE SWIR A
MWIR 7 A3 B 121, 43 53] DN e 5 s S50 016 435 AR 2 il Bk /
KT FERMPULTEFEMSFLEZR B L, MRS
£ R BT AF MR L S H AR S B LR XS B T
A A 00X L B VA TR AN F8 BR o M T 41 A
LR T RE A R DU U B R RE 7, (H 2 oK WLE G T
STG % B (1) 7] fig i A0 g 7 b o e, 245
TR E SIS AN A R EE Y R, B
FE7E T 5 s K [ B 35 % B H AR

I, SO EESE T 404N B TR STG I B
BRI PR BE 7 3 A AR R BRI S i R A 4L
G SR A R/ R RORR B R A B H b e
T R OWXT L AR | U TR AR A M R R A
AR BEREAY 4 M WF S T STG ¥ B AT AE 1Y I8 B
R, I — 28T T SBIRS-GEO % T & 7F i%
e B i T 9 UE BE T . WESEES 18 AT Ly SBIRS-GEO
o TR 0 RE g 43 A LA B [ S R AU TR R
BB —E S %,
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1.1 SEERIMNEHRE
SR K AL A R S R R T kT

PR S I AT FH A PR 3R Ak 2 S A R BRL TR A
gy, v I AR B 2 8 T HITEMP £ 31
B [ ARORL T T 2 500 Mie #UST BLS THE RB A
DAY 8 S A B A Y SR e P A PR A B ik 52
1.2 MK/ KR SIME R ERE

Hh BR /R ASIR B8 R Pk 2 AL PE M ER KR R A
SRR ME CZLAMR R AE B R DL R R AR AR R O, R
FH B} 2 B 22 B0 40K % AL 52 it oF & 1Y) 38
KA SHE B ¥ 4F (Combined Atmospheric Radiative
Transfer , CART) A5 54 VSR fift | 12 4 42 Bl T 3% [ i 78
Hi DX R AR, HOEA R P RS B P
1.3 SBRESFEERAILEEER

5 00 R A A T T R B AR o s H
b, He 5 TR LS 56 00 4 S0 38 6 3R W0 bE R R

C= ImTu+Lleh/:: LA, (1)

KoL, RGBT T, RSB R L
11 KA AR B B 5 B 5 A, O R A TR R T Tl 1) 4%
SR A, R AL 7E W O B s T AE AL B Y
TR 5 Ly o HLBR DA KT S5 i 4 3 52 B

R A 3 A RN b B T R R

C\= Im)\Ta)\+LLZ1/\£:z LpA, 2)

14 ZEREER

SBIRS-GEO i % T8 B ¥ 0 & 4t iy T b 3= 2 A
H = A BRI 25 0 HL T R R b R/ R T
5T DL KOG R R G R ST 1 ] R 5855 80 H AR (SET)
7~ SBIRS—-GEO 10 % T & %l 7 52 i) & 40 W 7
SET & X R &R Gifm W bb ol 1 B 8300 2 G2 (4 WL 7E
H b5 0O 28 Bl b A ] DL g PRI g e 7 A R H
Fr NET, # 5% % H s BET, LA K624 R 50 e bt
% HAx OET. WM SET Al &R A .

SET=V/NET*+OET*+BET? (3)

Hoh NET .BET .OET #] 435 &R .

NET=—NEP (4)
T{S{)/Lms

BET=—£5 (5)
T(S{)/Lms

2
AM,

OET= 7‘*?‘“5 (6)

T,m(D, +4f7)
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LB TR R E 7, WOt RGN EL R,
S, A R G B AR 5 Ey AR TT R BRBE 5 S,
BRI B IC T AR M, SR R S8 A B PR B G
JE 5D, Nt R G SEROEAR s f I HREE
1.5 REERNSERE

F AR PRI o 2 0 s SO ST A U TR
WA BRI A R B R | R AR I A
HRE S FERE

TEB AT HARIY, B TR i
MR FR T2 A B MR P

B 1Y

po~L [1 erf( \/I?In H 7)

;T:t EP :erf(x)zé J: exP(_yZ)dy JE TR 2R 5(%[ o

TEA HAR{E S0,
b ARG G, I RS
B Py

o TR R 2 B AF S i m
SESE WA 1 A R R Sy 4R U

1

Py~ [1+erf( AL H (8)

\ﬁl
MR B AU I AE m A ko A 2 D mT DA
F n R B AR Y 2R I AR R R A R T 3 s Sy i

Pox=m)=1- 3 C- (Y (1-Py (9)
Pau(x=m)=1- X, C. (PO}(1=-P)™  (10)

K Po(x=n) Pea(x=n)Rm m R v 2 /0 Z
PRI n Y1) R I ARE S5 R R M 38 5 Py Py, O B URAR
A 25 B YK HE A R
XFF SBIRS—-GEO #il % T & 1 7, T2 M Er
Vo] {4 00 ABE S5 P, 1T 1 {EL R A 8 Py, 388 T 22
SR T REAE A /NT Poy 1938008 35800 2] B A5
B, AT BE R IE K B HE R R KT Prage RAE Pow F1 Pra
A DL A 3 90 AL Y 1 (E 1 M L TNR,, A1 17 1
& SNRy.
TR X A B IR R By, AT E KR
¥AR 5T 5 5 5 SBIRS-GEO L2 R4 {5 5 2t
— R KT G 5 M L SNR,, A 5 3L 1€ T 21 19 ¥ 4K
R AR SCRT DR S R A g, A
S5 1 W 7E D B R S SR B L, W R R K
I,,=SNR,,- SET (11)
A SET N R EF HAbr, L& SBIRS-GEO il %
PR RGEMES ol HAXG)HE,

2 AESH

2.1 STG HEEBEHE

M T STG I Bt e B A3 28 8 K0 B 3 0 3%
WATRER, BRI I e 5 S JCBE ) 52 B4R
W, T8 2 FLARI ke B 1% 8 T B RS A T b Bk
10 B A FLXT L BE G L SO AR R AR
a5, KB X 6 J1, 68 UL B 23 km , Hi 3% 2% 14y Bifi
H, M 2R IR R R 296 K, WL T A £ Sk 00, X R T
1o 180°, K FH K T0L £f A1l J5 51 f &R R 0°, KSZE &
FEBH 100 km, 25 JE KA A B 58 5 AR FH G 2 it
SEXFRAFEAR ARG vk, BIATR ST S BT .
KCHT K S LR be E Kk Ok 4.8 MPa, i Bl 3550 K,
TR R A KR & s b AL g B R Sy B 1 B
N R T A IR N AR G g 2 BTOR

1 BEHASEBREHONRESH

Tab.1 Mass fractions of species at nozzle outlet

Species Case 1 Case 2
H,O 0.268 0.155 4
CO, 0.221 0.122 4
(€0) 0.115 0.066 7
H, 0.004 06 0.002 4
0, 0 0
N, 0.103 0.066 1
HCl1 0.288 0.1670
OH 0 0

H 0 0
(0} 0 0
ALO; 0 0.42

K2EWMPEMRRMER

Tab.2 Afterburning reaction model in the plume

Reaction formula Reaction constant

CO+0+M=CO,+M
CO+0OH=CO.,+H
H,+OH=H,O+H
H,+O=0H+H
H+0,=0H+0
OH+OH=H,0+0

7x10 %exp(—2 200/T)
2.8x107"T"%exp (-2 200/T)
1.9x107"T"%exp(—1 825/T)

3.0x10™Texp(—4 480/T)
2.4%x107%exp (-8 250/T)
1x10™"exp(=550/T)

H+H+M=H,+M 3x1077

0+0+M=0,+M 3x10exp(900/T)

O+H+M=0OH+M 1x10727!
H+OH+M=H,0+M 1x107272
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Fig.1 Apparent contrast spectrum of liquid rocket plume on the ground
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Fig.2 Apparent contrast spectrum of solid rocket plume on the ground

MBI 1 AR 2 a] DLk B, A R A S
4 F WX LY BE G35 i W (Y 7E 2.9 wm FfFIE . 5541,
T B T RS E O, kR <3 58 S 7E
RGeS, AR E U B BEE T L
FE 2 WL GT B i U (PR 30T 450 8 1) U B L, i bt S
AR WA SBIRS-GEO Wi 4% T AL ¥ STG i Bt T %
SR I T AR Bl fig H2.86~3.0 um
2.2 STG iE B IR M EE 514>

W 5¢ SBIRS-GEO Tl & T B /£ STG ik B i #%
DURE T, 1 2 % 5 3 5 9 R 0 A 1% D B 1) 3R X e
JE G B T 0 AR AT IR A T SRR
Iy Br R TH) 444 F SBIRS—GEO i % 11 & 7F STG % Bk
Xof 9L 5 A e IR e B
2.2.1 STG KB AN E R & B K ACHAE 7

STG ¥ Bt F KA % 1, o H F 4 % SBIRS-
GEO 1% T & % 53 iy R miE e oy, Bk, 228
WF 58 1% P B 5 3L R A8 KU 2 I 1 28 I g

Pl 3 AP 4 J 53 g diL R0 S (A R T AR S R A A O~
15 km = BE G A 19 STG 3 Be & WX Lo B2 A2 16 19 )l
EHER

Contrast
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Fig.3 Apparent contrast spectrum of liquid rocket plume at the

altitude of 0—15km
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Fig.4 Apparent contrast spectrum of solid rocket plume at the

altitude of 0—15km

Bl 3 RIE 4 %W, 16 STG W Bt , W7 5 9 11 3%
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Jek, H T BE R R A A L A AN TR

Xt TR S TR B R RS, R A A R L
X HE R i 5 e 1 R e/ ML LR TR 4R 10 km
BB R KA (AR 25), SR Hr an s AR 5 i 4
RS FE B2 R AU R M R G T AT AR R
W, T R R T A AR S 332 R A T 3 il JEE R Rk R
SE[R 2 A R B R R I R R F =
DU, R o 5 R 6 N G e B2 T s i K
J e il JRE T e R T e TR AER . J, BUAR STG i B
Ab TR A S AR T AR R B H A
T - T I S IR 1, T B R R G 0 2 W 4
DA B QNS NS WAL i (=3 i R e R Y
FE oI R, T LA v B 0 O, R NS B I R A
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Jo, WM KRR M T S TR 2 R A B Bk TE 43 T
o WA, B O 4 1R 2 B v R T o S T R
= A R A [R] AE FR SOmR R R A R R L
Jeik R E 3 Fros A, K E0~10 km B B,
SRR AN DR RN I NP S LY R GEAR N TR
U XF b B O 1 1GR9 B e R o T R A T g IR
TR Y 5 R DR 2 O Ll B O 1 B R T R i b
KM T 10 km 5, 20X H O HE 46 R B R
H 2.86~3.0 wm P B Ab T R MG KGR S5 A 1Y
Z, WEEWR S BB, BIBR S IERE T
R, BT EIE AR A S BO% U B B T R B AR
N ORE R B BE T R AR Y B2 e T 0 o R
KRR A RS 18 K 52

X [ A S ST B v RE 3G 0 R A i R L
XF L B RE RS N, 7E 15 km & B SR K (E
200, XS B, — 05 I, B R A, R AR E R
R df3 RT3 7 1 5 5y — O T [ A4 5 9 e
H T AR - (8 A7 AE T 3 1R B Bl B R RS ]
H it F7E STG ¥ Bt o B M rh SR 5 59 6 3% i I 4+
48 T R AU OR 2 B AR KT R A A
STG U BL£1 A1 5 5 8 W i R R B 4

i3 AR AT R T R R AR R A S H
B, STG U Bt H AR 5 15 57 22 0] (1 2 WX L B 48 K, 45
A fEff SBIRS—-GEO % T & H 4 76 5 9l & 5 W [|] %
W EFRIRE ST . FERIAY BT A SR 4G STG B
FEULXE L i 3 5 TR R B 4G STG i Bt & WX He
¥  SBIRS—-GEO il % [ &8 STG i Bt & I [ {& 3% H
P 1) FiE 7 328 1 1 R R E bR 1 g
2.2.2 RAKIEM FH B 5 AT

Pl 2.86~3.0 um fE & SBIRS -GEO i % T &
STG I B i) TAE W B, Il 2 G e 75 A5 A8 1 e fIK 4R
N vy A AL BF 5% B AL 45 4 SBIRS—GEO il %% T &
STG i B %) L 38 S 500 ) U RE ) o 1 26 40 A7 4 1 4R
AR 3 1 I K A R 45 R 42 2 808 SBIRS-GEO
T TR STG Fe IR 25 BE hy BO52 R, KI5 0F 8
ST AN [ R Rk 246 T8 3 S S 00T i T 0 22 50

(1) A5 o5 720 T 10 5 2R 6 1 680 {4 DO ARE 3 sk
{H M A, DR A5 H Al S5 15 0 B0 40 BT 1 3R A
Z % SBIRS-GEO 1% TL AL STG % Be 4 B 71 11y
W, AR S L, 5Ok i, B
5N 3 FiR

%= 3 SBIRS-GEO ME D EMER RN EMEE
BEE T3 H STG i BRI 88 1 49 &2 M
Tab.3 Influence of detection probability and false
alarm probability of SBIRS-GEO on
the detectability with STG wave band

Py, Pran TNRy, SNRy, Pin/ km
0.70 le—4 3.719 4.244 6.824 5
0.80 le—4 3.719 4.561 7.7651
0.90 le—4 3.719 5.001 -
0.95 le—4 3.719 5.364 -
0.99 le—4 3.719 6. 046 -
0.95 le-2 2.326 3.971 6.1852
0.95 le-3 3.090 4.735 8.3451
0.95 le—4 3.719 5.364 -
0.95 le-5 4.264 5.909 -

N TR R GER I R AR, U R RS
EEH R — AR DAL SRR R R L (R AR D A
R R B I H M A N R 2 HY R U TR Y
SNRy,, F BOH WUE AE 11 09 T B, 23 Hr 3k 3 Hdli vl LU
% W, SBIRS-GEO i % TR 1t STG i Bt A fiE M8 21
S R B A bR, ELBE A (R R DU AR R
o (5 (B M AL R /N I, 2R G I Y AT SE G, (B
415 5 SBIRS-GEO ¥l & TR & STG i B nl AE 44 Ml
EIEIRER 78

(2) AUBAE SRR 2R AL R R H AL ZR 1 5
U7 Hot 5 S SOk 28 AL X SBIRS-GEO Tl % T A fig
IR A RS2 T w, R G HE 1 B E R
IHE Ay 95% , B A HE B AR 1%, 17 HLA5 R I ska
JIrs o
R4 ST X BT U SBIRS-GEO ME D E

STG K Bz £ 8 71 89 %2 M

Tab.4 Influence of propellant type of missile on
the detectability of SBIRS-GEO early

warning satellite with STG wave band

Fuel type D/ km
Solid 2.1226
Liquid 6.1852

AT A KU Bon AR E R — K8 BRI A R R R
ME % 4T, SBIRS—-GEO T % 11 & #F STG i
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F4 5 S 4

3% i

S A S. T 5T SBIRS-GEO #il# 10 & STG i
Bk BRI B DL R BRI BB 1 (B RLR &R 3BT T STG
P By AT BE A RO B, RN R G M B T
A& SBIRS-GEO il % T A STG % Bt 1 #8
e 1 MBS,

(1) A T REfs R 3 5 9 19 & 41, SBIRS -
GEO Tl 1L 2 1) STG % Bt T fig % 4 2.86~3.0 um ;

(2) 78 STG ¥ Bt, ™ T R £ ZHE N a A
7], A 3 2 0 I [ IR 5 300 R A AE STG ik B 1 3%
WX LY BE B AN TR] . 15 VR S R A B 3R WX L
JE T B g A T e A Y RS /N R T [ R
SR I RN Ll B OIS B Y TR T
SEEE N Houk, [ R T R A 1 2R L HE B T
VAR S L) 2 % L

(3) % &3 & 45 0] 5 %, SBIRS-GEO i 11 &
STG i B % ¥ 4 5 580 () R 00 8 ) OF A A, T % [
A S U] 5L A Al SR Y R TR R D

S E 30k
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