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Research on infrared irradiance data stimulation for ballistic

targets recognition
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Abstract: Adequate IR data set are essential to design the algorithms of ballistic targets detection, trace
and recognition. In traditional IR image stimulations, the systems often emphasize optical imaging
research of some specific scenario in order to solve the related image processing problems involving
targets detection and data association. But for target recognition, the required data stimulation model
would place emphasis on the study of change rule of radiant power in all of the potential dynamic
parameters. To satisfy the requirements of data simulation for target recognition, the research emphasis in
this paper was put on the study of scenario parameters and radiant dynamic characteristics. Meanwhile,
the underlying factors were analyzed for the aid to design the widely-used recognition algorithm.
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Fig.1 Schematic of the rotation motion of ballistic target

ANTR T H AR L0 A0 G A7 L e A5 2000 B b e 5
i 2y 1 b #1 7 K O Serh i LB R IR AR A H bR S
EHMME, ATETRR, #BWiEsh s &R
OXYZ WF . LAHART.ONIE S O, LLHRE )5
W Z Ry, B TR R, B E AR
T e — JUTE W IG I 200 OXY.Z b5l M, % R &5
Hbn %SRS 0 AL AR (B A M, ) M, FiL M, 2Z 8] /9
A AR AR e B H bR 25 25028 3h (4 i 3h B TR P RR
% B0 YL E 1 B
M,=R (@, 6,)* Ryn(®,) * M, or M,=Ry(w) M, (1)

FELAAL AR TR Ar 9, H AR 30 3 R0, 6,)
S FHOBE 6 J 5 Ry (0,)F1 R, (w,) FH T SEILMY | Ry (6,) %
IR LL OX, R TERE 6, Shy e B B A 1 e A I
R, (w,) 248 Lh OZ, N Tié i  2mw,Ar 2 Jie % ffi 5 1
FE W TERE Hi M . Rgn(w) R L OZ, WIEF i 2mwAt
R E G £ BE A S 1 F TR AR B L Rums(@) R8s BL O, K
JiE 5% Bl 2w, Ar Sy JE 5% FR FE A 1 BVR RE R

SSH H b 1 25 18 3 X 20 A0 8 B 5 B (Y 5 R 3=
N RS DA E S AR AR (A S EE R €
TR . 0 an HE sl L 0 s TE E b, HA RO G A
LEGVR

A(t):g c(1+afiCTwt+0)+ofs(2Twi+6s)) (2)

1004002-2



L oh ok AR

% 10 &1

www.irla.cn

% 45 %

A A A AR S T RS AR I A R AR ()
DB i R = e SR & R TR N D R
65 00 Fay SRy X I 1 (L 3R 55 0, FL 60, S BB BL AT 4
AEA o
1.2 BirERNFHEMTIEHKER

KEB 3 B A 2L Hh AR 7 FLAR Y bl B AR LA s
B8, LRI A bR RS R o A bR (E] Y
THA SE B H A iz s A bR R 21 575 R A4 i 5
Si=ME R 2 R ORI X =L S S DOl = R S s = )
FERTER, BEOR A B AR AS A 5 3 X 8 5 500 25 1
X FR AR T B AR s 3h R J7 67 58 B
WS AR NS %,

P, S T DU B A R AT E AR S R R
1z Bl R MR R OC & S0 ik HCHB GO 1 M (ECTD A
br RZWN S bR &, VLK B b5 iz ah Ak bR R R
D% 32 2l AR BR R G IR R (AN &1 2 fir 7 ), He b #8000
iz A bR R A LB D MRS 0:,0Z N
PRI L 7 1), 75 6 A4 F 0,

______________

o

Ballistic
target

Earth centered
inertial(ECT)

P 2 Ae by A e Al s B

Fig.2 Schematic of coordinate transformation

H iz 3l AL b5 R B 2 7% A b R I 35 4 0y
M=RMA+T (3)
b M M, 5390 F bR AE S 2% Al br & R H AR Bl Ak
Pr 2R N B A BRAE s R R AL AR 2 ) 1 5 7% 6 1, >R FH BRR
LI TH R RIORE A A5 A8 bR 5 0 E 5% 43 ff b 5% 3 A
AR Bl E 5 B9 e B R=Ry(Y) - Ry(@) *R,(0); T N ¥
M ik, BRI 2SIE B A bR R 5 S5 AL bR R Z DAY B
e e R 5 AR (B3)F, w7 BB E 5 Ok 5
P LK A 0 R B8 A 7 ) R A R R e 4 B
ECI 845 & T Eon , & FIF RS BE B R(r) 3R W J5
IRIOES A NSRRI NNITE 2 E

1.3 BiriBEEsEE

% IR B Hh s [ R EE LR Al H AR Ak S
e 38 AR B OC R WA S oKk, FLOR Y A AR 2%
POt E R AR R A S LRHRE, RASHS
FSCHR[6], MBE H bR 2% 1 E A KRR R B
0L 18 S S A, UL 0 B A~ Ay PR B B 200 S0 Ol 33
SE Ty A B
_mD*

4
e BIRBILLAMNE G 57 AL R G HOGLIE
%R D AR AR A BT FLAR s Ar S BRI 3E B A ]
LA, To) kg AR I 4 0 52 BE T T R F AL 43 S22
(A 3 A BEA A G . B bR 10 4 2000 S2 i) IR BE (A |
PR PR B A7 05 5 1 AL, L AL AL R 5 i 2T A1 R
S BCHE TR AR AR R TR K A @) F A B2 i
H 5 1 56 3 D1 2% P(o) N

P(1) & Py(1) - (1+ayfs 2o+ 0)) +aofo 2Tt +6,))  (5)
K Po(n) 7 B BRI HE 25 46 R FE 3 72 4R BT 5]
L 10 4 S ik B AR AR A3 A A () T () B e A R S
Bt 1 JE AR 4K 5 00 BN o PR E T KO A 017 Ak 1 e
JE 5 B AR R 505 bR R AR S P () 1R TR A X
Y& G TNER T2 P PUN N

FEFE I B b i 5T 3 5 1 2 B R Ak 2 5|
AT X H AR 0 AR AE 9 52 B AT 3 K 5%
M) WXt i 7 A A - 0 B LAY 2R G M 7R B
P A5 5 S,

P

» A
. J LA, T)dA- ET0 - At (4)
A R*

1(0)=[eca(P)+eaie(DIX[I(1)+eni(1)] (6)

2L 1) g T ME TS (9 E BR LTS ELECE  T(n) A e
Bt . 2B MR AL L (1) REHEIR 2 e(r) IR
I A% T A 1) A0 R 22 R, JERUIR AN N(0,0.01%) 5
(2) HeHLUME T R 2 ey () , 7 H8 T 28 A - T 1) RO 2
S v Al 3 R R R AR 2, T B 5 U P M 7 4
A 5 (3) M 75 4 30050 O (), T 15 TR 8 ) 30 5 Ml i
RO 37 F0 Al 249 40 4 v s, T 4 4 16k 7 % BF NEFD
K . NEFD & Xk #0025 557 FL AR 18 AL (/em?) [
NS RNOPN I FAT, SIS NC

2 HEHRHERE

2.1 FEBEE5SH
15 L 52 56 45 F0L R FH 4 0 8% 21 A% B g% o o |

1004002-3



a9k TAR
% 10 # www.irla.cn % 45 %

o AT A S o R 0 R A R L 5 W R — R S A
SR BE G OE H s gt s iR 2t s | A e
AR AR A X BB S 2 JE S 5 AN R T A A, O
BAES UL 7 B A [ E HUE RS A 2R B 4R AL
M AR, T8 R A s Bl A S O [ Y
Y%, Hrbsh B2 8on0 v BT & @R 2 o o 2 8
] BE SR AE X 9 A 3

ST F AR A T AR Sk | ZLAMR B
I HBE A K Bl AL A o i SR ST 168 AR Al A G
NIFPGORIBETE 4 Fh =4 FHARBIAL WK 3 s, Horp
5HL Sk M1 5 T A T B b O e G A AR R R ik 2
0.5° (75 il 3 T 20 52 22 FRBE )™l s i 58 3K TR
A1 ABE o A O — BBk, D vk 25 26 5l H b 9 3R
R P [R]85 2 i b B, B TR 1 22 e EER B AE R
e 5 JE AT

‘I}’u

e \

”””““mlm i “‘\ 55‘;» R (T
ik S CERERERRN e
L e
G e R
Ly Wy N

4

it

P 3 T F AR = 2 RS A AR (e U A T TR AR BRI B A
Tl Bk A IO 18 R
Fig.3 3D mesh models of ballistic targets (from left: flat-base

cone, ball-base cone, spheroid and arc-shaped debris)
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Fig.4 Orbit motion of warhead and interceptor
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Tab.1 Stimulation parameters of different ballistic targets

Target type Warheads Heavy decoys Light decoys Debris
3D model Flat-base cone Flat-base cone Ball-base cone Spheroid arc-shaped debris
Size/m Radius 0.15 Radius 0.15 Radius 0.135 Long axis 0.4 Ar;azzft%g;z
Height 1.0 Height 1.0 Height 0.9 Short axis 0.36 Height 0.07
Case thickness/mm 4 4 0.6 4
Initial 7/K 320 320 320 1500
S.F. 2.0-3.0Hz S.F. 0.8-1.2Hz
Attitude motions P.F. 0.4-0.6 Hz P.F. 0.4-0.6 Hz T.F. 0.2-0.3 Hz T.F. 1.0-1.5Hz
C.A. 3°-5° C.A. 5°-9°
*Comments

S.F.=Spin frequency, P.F.=Precession frequency, C.A.=Coning Angle, T.F.=Tumble frequency
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Fig.5 Infrared radiation power data of different targets(the noise-
free and noisy one). Both warhead and heavy decoys are
shaped flat-base cones, the parameters are 2.5 Hz, 0.5 Hz,
3° and 1.0 Hz, 0.5 Hz, 5° respectively; Light decoys are
designed to ball-base cones and spheroids, both parameters

are 0.5 Hz; The parameter of arc-shaped debris is 2.5 Hz
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