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Research on effective probability of laser deception and
high repetitive frequency compound jamming

LU Shuo'?, HUO Zimin'*, CHU Hairong'

(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences,
Changchun 130033, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract; Laser seeker usually adopts anti-jamming technologies such as real-time wave gate and first/last
pulse locking. Aiming at the seeker in the locked tracking stage, laser angle deception and high repetition
frequency compound jamming were used to study the acquisition signal of seeker wave gate under
compound jamming. The energy transmission model of semi-active laser guidance system was established,
and the basic principles of angle deception jamming, high repetition rate jamming and their combination
were described. Then, the probability of two consecutive wave gates taking jamming signals without
interference, angle deception jamming and high repetition rate jamming was analyzed. Taking the lead time
of angle deception as a simulation variable, the probability that the wave gate picks up the high repetition
rate signal under the combined interference of angle deception and high repetition rate was analyzed.
Parameter comparison simulation results show that improving the precision of guidance signal and angle
deception jamming signal, increasing the width of wave gate and increasing the frequency of high repetition

frequency laser pulse will increase the probability of success of high repetition frequency jamming in
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compound jamming. The research results will lay a theoretical foundation for the application research of

laser guided jamming and anti-jamming under complex battlefield conditions.

Key words: compound interference ; angle deception interference; high repetition frequency interference;

wave gate; joint probability distribution density function
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Fig. 1 Schematic of semi-active laser guidance system
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Fig. 2 Schematic of laser angle deception jamming
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Fig. 3 Schematic of complex of laser angle deception jamming

and high-frequency interference
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Fig. 4 Probability that wave gate records angle deception

signal when previous wave gate records guidance signal
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Fig. 5 Probability that wave gate records angle deception signal

when previous wave gate records angle deception signal
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when previous wave gate records guidance signal
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signal when previous wave gate records high frequency signal

e AR TR E] Ry T, MR h T, R T =

T, +T,o BT, =5AT, FH— MW TFHBGH FE 5, X IR

VI TR R B2 40 A, 2 RIS 1T o 3000k 17Tk 5l

L/f A A . XFBBLA X, Z, RS — T4 A A

A, Bk, A58 — TSRO (5 S 4 B 5 = =0

FTBSRICT G 5 RS — B T TSR ICT 551

BEZAHIN] , AEZELE 5 AN S A 0T P, s EE 00T V0 iy 1 Ak
%QP,‘:

P, =P P, +(1-P )P P, +
(1 =P,)'P,, P,y (16)

4 ESTHBMERREKRHE

4.1 FEFTHRIT—HITREHSES

AREM TR E R TREES TRESAHLUT 4
FFOL . © SEMTIES 1 ko 65155 DL A B
TYAFZ A VLTI, S AT IAF 5 5 Ik o 24088 1 461
AR R B TR S iE o Py @ R EST TS
Tk AR TS S VR AR T B (5 S IS TR ]
Sh, S EA TS Pk op R aT T /A IR T 455, ek
P ;@ EEMTRAGS B kb 55 EER T A B
WO TG IS AEBLTTA0, = AR T A5 5 B kP wir 46l
FET IR Py @ mEMCTIRAE S B Bk & AR,
G T LA B TS S WV TR B0, 188 Py o JE
o AR TR AN

AT ALEE f BE IR TR F0 T8, s s S0
T YA A B e T80 — TR 2 155
X, ~N(1/2,0),Y, ~N(7/2 = At,0*),Z, ~U(0,1/f),
HF X, Y, Z St E T R AL &, fr L .
vz (85,2 = (Ofy (0f; (2) =

(x - Tz/z)z)exp(— (y —7/2 + At)z)

exp( -

20 207
= y £ 17
2mo, o, J 47
x,y € R, z e (0,1/f)
0 FHoAth
f(YI_Z])(y’Z) =fY[ (J’)le (Z) =
(r=1/2+ M)
exp(— 2062 ) ( ) (18)
. f ye R,ze (0,1/
V2mo, 7 s
0 Hofty

f(xl,zl)(xsz) :fxl (x)le (2) =

e

29, f R (0,1/) e
mo-t J X € 2 € ,
0 Fifty
Py = ﬂjf(xl,ylvzl)(xvy,z)dV,
) (20)
- {(x,y,z) xe (0,7),y e (0,7), }
ze (0,1/f),z<x,z<y
Py, = (1 _ff)(l<x)dx) ﬂﬂyl,zl)(y,Z)dydz,
0 D (21)
D = {(y,2) ly € (0,7),z € (0,1/f),z < y}
Py = (1= £, <y>dy>gfm,z,><x,z>dxdz, .

D= {(x,2)|x e (0,7),ze (0,1/f),z < x}



228 ERBRXEIREFR

Y]

http : //scbg. gks. cqut. edu. en/

Pro= (=L (= [, gy (23)

HEATWFMAET, W' T P0a0— 3 B 5
S R ET IR S AT SRR A SR Py =
Pry + Py + Py + Py

BT TSR B AR 5 AR S AR 1 s,
A1 RS AZ T MR A A

Table 1 Parameters of probability simulation when

wave gate records high frequency signal

BER R FAE A B
WMok FARE FHAET TV 5 S s
£ /kHz E/us  WEZE/ps

a 200 3 4 20.25.30

b 400 3 4 20.25.30

c 200 1 2 20.25.30

d 400 1 2 20.25.30

FedsiE 8 (a) N TTYEE 7 4 20 ws 25 ws F130 ws BY1H
L2 B, 24 A RSO R B ) [0 5 LN 30 B
B —>f Bl MU I 09 5 B8, (A5 08 10 PR vy A1 15 Dk o 1 5
I EE R B 5 5 R AR IR TS S I e & nl 42
o e EAR TP TR, LR 8 (a) M 8(b) [ BE LL#K
E 8 (c) FE 8(d) ] Mfh BE45F, 48 o v AR 5 0 A00R ,
IT P oo ST K b A ) 2 A S R, R g [T SR B
BEHE SR, K 8(a) MK 8(c) [EHLEE 8(b)
FE 8(d) TP ELES R 3 & il 55 A R TGS
FRS B, {55 A A B IR T35 5 M A A s oh &
AR 1] SR B e EEAUME 5 2

B8 IR SIS TR &
Fig. 8 Probability of wave gate recording highfrequency signal
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Fig. 9 Probability that the second gate records high frequency

signal when the first gate records high frequency signal
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0 oAt
f(Xm,Zm)<x5Z) :ftX’IH(x)me(z) =
eq«_(x—zH—AT—T+lﬁy)
207
: f (33)

V2wo,
x € Ryze (2 + AT = 7/2,zy + AT - 7/2 + 1/f)
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Pf[l[l = ﬂjfum,ym,zm)(x,y,Z)dV,
Q

x € (zyp + AT —=7/2,zy + AT +7/2),
ye (zy + AT —=7/2,zy + AT +7/2),
ze (zy + AT =72,z + AT - 7/2 + 1/f),

72 = 3(x,y,2)

z2<x,2<Yy
(34)

2 [| +AT+7/2
P = (= [ £y (00 [fiyy ) () dyd,
N ! D

I +AT

ye (zg + AT = 7/2,z; + AT +7/2),
D = (yJ)ze(zu+AT—wQJu+AT—wQ+lﬁ)}
z2 <y
(35)
o ATer2
P = (=[O g (o) o,
x € (zy + AT —7/2,z; + AT +7/2),
D=1{(x,2) |ze (zy + AT =7/2,zy + AT —7/2 + l/f),}
z < x
(36)
1 +AT472 AT
P = (=] a0 (= A ()
(37)

TR — AP T IR SRR 5 =)
PR THRAZ B MBEREN Py = Py + Py +
Prys +Pryyo

B — U] SR IR FARAE I B T SR GRS
SHEROT S EANER 3 PR,

A3 B SRNFREHEHEFH,F =0
TR B FEA LA
Table3 Parameters of probability simulation that the third gate
records high frequency signalwhen the first and

secondgate record high frequency signal

mEM KRR AERI
B SAE THRES WIS s
& /kHz £/ us AR E/ us
200 3 4 20.25.30
b 400 3 4 20.25.30
c 200 1 2 20.25.30

LLERE 9 (a) FIE 10 (a) [ B LA 9(b) AL 10(b) , 5%
LA 9 (c) R 10 (c) TRIDT EEE T 65 — | T 1R G
T TIAT T T 38 =0 1 TSR BGR A0 T 315 5 i A
Py B T T s R T A SRR Py B
Py KT0.998, MTRENFHAIEE , W] LLCK 55 =0 b ¢
B ES TGS .

B10 F— ZRNFRSERETH,F RN IRGERESTHE
Fig. 10 Probability that the third gate records high frequency signal when the firstand second gate record high frequency signal
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A Al
Jovozn (2 = fo, (Of (0f; (2) =
(x - 72/3.%_ At)z)exp(_ (y —207;2)2)

27o,0,

x,y € R,z e (0,1/f)

exp( -

v (38)

0 HoAth

f(yl,zl>(y’z) =fyl(y)le(2) =

(y-1/2)°
x| - 207 ) _ (39)
Wi f y e R,ze (0,1/)
’1T0'),
0 HoAth

f(xl.zl)(xsz) :fxl (x)le (z) =

exp( (v -1/2 - Az)z)

- X € jz’z € (Oyl/f)
— J
2”675

0 HoAh
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Pfll = Mf(xl,yl,zl)(xd’,z)dv,
0

A NP B
P = (= [ @ [l o G
D ={(y,2) |y e (0,7),ze (0,1/f) ,z < y}
Pry = (U= [ £, 0 [y ) oo,
D ={(x,2)|x e (0,7) ,zDE (0,1/f) ,z < x} (43)
Pra = (L= fi (a0 (1= [ £ (r)ay) (44)

TEZA TS, 5 — DU R B B 5 MR
Py =Py +Pry + Py +Pryyo
Wl 1SR R S IR A 0 LB 2R 4 PR
A4 RNERSMET RS ALK
Table 4 Parameters of probability simulation when

wave gate records high frequency signals

BESR HFE AERE
BAM ShAE THREFT W SE L/ s
E/kHz  Z/ps AREZE/ps

a 200 3 4 20.25.30

b 400 3 4 20.25.30

c 200 1 2 20.25.30

d 400 1 2 20.25.30

W 11 (a) IR, mAEHOG BT £ 24 200 kHz, HilS306
WFARMERE o, R 3 ps, TIRBOCHFIRMER o 4 4 ps, BE07]
S T 20 ws B, AR T 05 588 1 B ) /N ik T 58
BER— 2 B, 55 — AN T S B R T S S B AR D
T 0.998,

Bl N FRRSME THE
Fig. 11 Probability of wave gate recording highfrequency signal
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AP TR EA T A5 5 MR KT 0.998, LA 11
(b) FE 11(d) P TERE 7 24 20 s DT LA R B, 12
e i RO T ORI E SHE RS 5 — AP T s I
WF S5 R KT 0,998, FLEE 11 (a) MIE 11 ()
WITTERE 7025 s PRGOS A B, 30 S AU E 5 10
WS SN]SR B R AR T AF 5 A K T 0. 998

HAEER— AT TR B S5 50 «, , B
THAETALE N y,, @ E T AT S o Ik &Ny 2, &
2 <x,7 <y W Xy ~N(z + AT +7/2 = 1/(2f) +At,0,.%),
Yy ~N(z +AT+7/2-1/(2f) ,0,%) ,Zy ~U(z, + AT -17/2,
3 +AT =72+ 1/f) o BT XYy 2y RAHE ST R RS
i, L
Soponzn (6.552) = feog (O fyy (0)fy (2) =

2
exp(_ (x -2y = AT =72+ 1/(2) - A )x
207,
2
exp(_ (y -z, —AT—72'/2 +1/(2f)) )f'x
20, (45)
(2'11'0}0'})’l
X,y € Rv
e (zy +AT—7/2,2, +AT /2 + 1/f)
0 HAth
Sowrn (5:2) =Ly 0D, () =
L _ _ 2
exp(_ (y -z, - AT 72'/2 +1/(2f)) )
207
f (46)

V2mo,
yeR,ze (z; +AT —7/2,z; + AT - 7/2 + 1/f)
0 Fops

f(X",Z[[) (x’z) :f:’(n (x)fzr[ (z) =

(v —z; = AT = 7/2 +1/(2f) —At)z)
20'i
V2o,
x € Rze (2 +AT - 7/2,zy + AT - 1/2 + 1/f)

0 HoAth

exp(—

f (47)

me = J’ﬂ'f(xn,yn,z”) (%,y,2)dV,
0

x € (z + AT = 7/2,2 + AT + 1/2),
ye (z +AT - 7/2,z + AT + 1/2),
2 =1 (x,5,2)
z€ (z+AT =772,z + AT =72 + 1/f),
z2 <x,z<y
(48)
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z [ +AT+7/2
Prao = (L= [ f Godo) [fiay g (o2 dydz,
D

2] +AT-7/2
ye (z; +AT - 7/2,z; + AT +7/2),
D = {(y,z) ze (z; +AT = 7/2,2; + AT - 1/2 +1/f),}
z <y
(49)

z | +AT+7/2 .
P = (1 —.[ QfY“(y)dy).ﬂﬁX"'Z”)(x,z)dxdz,
D

| AT
x € (z; +AT - 7/2,zy + AT +7/2),
D = {(x,z) ze (z, +AT - 7/2,z, +AT—T/2+]/f),}
z < x
(50)

RTINS SR TNITRS e
(51)
TES — DY TR S M 2 T 58 A B 148
SR F IR Py =Py, + Py + Py +Prygo
— ) SR AU I S T SRR AR A
K ESHIE S IR,

A5 B NEZBRSHEME T, F Rk

FIRF IS F R FAT A

Table 5 Parameters of probability simulation that the
second gate records high frequency signalwhen

the first gate records high frequency signal

BER HSME RS
BOEIR FARE FHRAEF W/ s
% /kHz E/us  EZE/ps
a 200 3 4 20.25.30
b 400 3 4 20.25.30

FEA IR 11 (a) AR 12 () [ B 11 (b) A& 12(b) ]
T ELEE SR e T SR G A TS S AR T S
) SR AT IR 5 AR Py B T ) S
T IRAG S IR P,y B Py K T0.998, MU RN HI A B,
AT LA SR 05 T S B R AR TS 5

25 AR RO B T RO s AR TR E S
T, 45 s FAR T i 5

1) 7E & 50O K oo %y 200 kHz, BT 56 BE Ol
20 ps, il FHOCHFREZE R 3 ws, A EIOR TP OE
PRAEZE T 4 ps AT, o SR T A AT — ] SRR 5
S L 2 AT S R UG SR B AN S
e S AR T 0. 998 5 i 5248 1 46 A — I 11 S HUA K
W THRAFS B8 — D 1) S R S S AR AN S
B FARE 5 IR K T 0. 998

2) 7w FATUOE Bk o R Oy 200 kHz, BT 58N

20 s, W FHOCHT FPAREZE R 1 s, M BEIR S THLHOEHT
PRIEZE N 2 s BOZRAET, e AT AT — Pl 1] SR MR =45
TS 2 NPT SR BUR B S5 SR = SRR
BAE S HIBEA T 0. 998 5 o A4 B — ¢ 1] 3 HUAA JEE JEK
W TS, 5 — DB SRR S S BRI T 0. 998,

B12 $—kMERSEMZE, % =0k
FRFHMASTHE
Fig. 12 Probability that the second gate records high frequency

signal when the first gate records high frequency signal
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THRAGS 5B — AU 1T G FAUE S IR KT 0. 998,

PRI 1 R 2, B2 e il A5 5 R A B SR O T 15
SRS BE 3 BRI R AT IR B 0 T AR LA
FE 2 FHNE 3, BT T8 | Sx R e FA T4 i
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