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An Optimal Energy Control Algorithm for Radio Frequency Stealth Datalink
Based on Spatial Information
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Abstract: In order to increase the lower interception performance of the datalink, an optimal energy control algorithm
based on the spatial information is proposed in this paper. Radiation power and starting time are selected as optimized
variables, which are based on the threat factor of the target region and the real-time spatial information of the datalink. A
mathematical model of multi-objective optimization is established to achieve minimum radiation power and energy cost. The
hybrid chaotic particle swarm optimization ( HCPSO) is used for the optimization of the energy control, and the solution
which minimizes the two target functions is selected as the optimization solution. Compared with the constant radiation
power method, the simulation results show that the proposed algorithm consumes less energy and has better performance of
RF stealth.

Key words: Radio frequency stealth; Datalink; Energy control; HCPSO

0 3 FRGent 2 3h SRR S IR A BRI BE ) B R KRR L X
A ZMESWARRN TR G CWL T ESE)
AR, FER IR EAM BRI AR, IR MR T T EEM. A T REX TR G AT

il

ISCH H 39 .2012-11-06; &[] H 3#:2013-03-05
eI H - [ By BT B (1004 — NCG11001 ) ;5 H i i AL ATl 55 3 T 9 < W B0 A0 V12 9 48 5 30 1o A0 9 2 BLBTRU3HT 71 %) W B 0 H
(CXZZ11_0212 4015 - 56XZA12046) ; TLH548 “ Yk M-S 4" L Sr BHdt e W W By



BT

VTR 225 Al B R A B B S0 4 e DL RE B o Sk 1009

RETT , AP0 B 4 | A 55 S Sh R S IR AT S A
Bt

BHe e — b 52 e 5 A B e R L A AR A
RBERGEZEHAE R (AERSELFL 4
BERERS) MEAERRED ™, — BRRH
SRR K AT B E . R, B
FEEA RIS 5 68 M BUR s R L RE R I B
EREA T EENEIEMIEE L.

T PSS BE , B R AT R A9 AE R4 R
W% A WIS < /N Ty R SR A for /N B SR
/NI R MG BESR AR BEAE AT AT i [ #R LA R GE P 19
BN R ESNESS, H R RN E S AR
BHIEWHLTTRE LT, B ATF 2S8R SR8 A 2
RETAEST, MRAS R K S BRI R . B
T P SR DU B 5 R0 B 7E AR 2R P B S R I
B, R R R R R R B R AT REAE . AL,
TEPRIEAE 55 BORTER T, RLRUAT REVS B 7 1R 36 T
L TAEmTa], RS B (14 Al B IH FEE AT AR 2,
LABCGE R SE I ST S PR AR, 3R R AR AT BE S

A5 SCMNBHE B e /NI R SR A B /NI B SR A
Fo R T R T  E] B (R S B A Y e
AR R . DABREE B AR AT XA B
J R D e R, 2 T RO E R S 2 B AE R,
BT T 6 ROEE R RS . AR B 1] 4 R 38 0 5008 4 5 430
B PERE R , AR AT DR LI 2P Ak
AR, ST SR B B i AR R, A FIR A TR
RLFREL AL ok e £ LR AT T A
o D5 B REH], FEPRE SR HE T SR @5 RI4R T,
AR ICHR H BRI RE S A 250080/ S i 8 A 2 2 D
D IHFERER , A A TR B E ) IR S PR RE

1 RN FERALEER

FT XS B B AT I 5 4, Kennedy 48 A\ T
1995 4E & H T ¥. T #f i 1k ( Particle Swam
Optimization, PSO) 5.vk . ZH LB T THHAR 6k
MBS, B T 58 5 S B P A T 8 B R A%
D100 B 3 AR T B S R A LR S T N SAORS
2 BOBANRTRBRAERR . RRPGX SR, 3C
BR[ 8 148 —Fh B 3& B TR G IR MR F B B vk
(HCPSO) , fEh 7 5 R B S LA/ T 1] FRAELIY

PEATIRIER R W R BB AR BUR S BRI T

RIRAEARLIE RS o T AL ™ A4
RISMER AR I, B ALY i 7 P R S
R, EREFE—E BT Bl A B B RO AL A A B A ok
PR RS . KIRME s SR T RS SRR,
T RS B R 1, 3 ORI IR R T, A
TRk Bk i R e LA o

2 SRR SHERRAREENEEL

A SCHRE H 1) 56 0 o B B A A A B 4 I OB
B, PSRRI ST 23 [0 B A5 B, SR ST oh &R
T BB IEH, FHRANRET T W R/ME. FF
MRYESCE S H AR X500 B AR BE , X B8 55 1 TAE
I B BEAT SR AR B, D HLRE BT #E

TEETEEAEUT 6 5
2.1 AN BEEENEEER

/N E RS B SR PR EE A WOE B BB IR 4
HRG AR Z BB EIER . i, B /AT
BWFEZ R W6S-84 Kbk tr &2 T2
M BE B NEREER .

B EAREEFITE 15 & 05 e bR 4350 A\ @ -
hy) 1 B(6,.@, hy) , Wil 76 2R 2 T 9 45 5% N
A'(6,@,) 1 B'(0,.0,), RHETIHE, B A
C'(6,vp,) , WE 1 iR,

Bl BiEsE SHEEGUWEMERR
Fig. 1 The positional relationship of datalink and

command post

% I EIHEE & o B Y A PR, B0 ik R RETE
LT X 3835 3, B JLAT AR AT BT 40 T i -
(1) A’C’' \B'C’ MEKIEREMSE T HEINK



1010 S

H F34 %

B, Bp.
AC' ~A'C (1)
B'C' ~B'C’ (2)
(2) A’C' 5 B'C' iR, B
A'C' 1 B'C’ (3)
NIBEES AB iy -

AB = \JA'C” + B'C” + (h, - h,)>  (4)
Hrr,

NC = gy~ g |- d - cos(D22)  (s)

B'C'~B'C' = |g, -g,|"d (6)
Hipd = (27 x R;) /360, R, FyiIR¥4
2.2 B RAF R ERXSE 0%

B /NG B B ) 2 BE A e B AR i o — AT
T, FoAZ U2 R AT Rl Bt ) TAERT 8], 3215
HAHFR RS MERE . 430K B AR AT Rk A B AR
VRSB AR, 76 LA 5T — LB R 7
o RFRMERX BB RE . Bk, FT AR Se 50 iR
X AR I T 49, 24 B AR X R AR B, B
T o BT, )26 P SR i 2 Pl B SR

Yo < 0.3 B, BHREEE IR X BN i B T
fE,BIK = 1;

0.3 <o <O0.70, BAREELE B s X6t
BTAHE,BPK =0.5;

20.7 < o B, BEREETE B b5 I8N 20 B
ROAPK =05

K Sy Bbr ®AT IR P B 4 TAERS 8] R 80
2.3 BiEsEwmS R

IR B SE & ST Th R P, B B & 5 K Lk
t2 A Gp, BRI RFE R L, BAREE BN
PR IR A AR ISE) N L, , IR S U I 5
BREERZE R A, TR HE G AT RZE S, 7!

S = PT240T (7)
4wR’L,L,

HIRE MBI AR REIRFEN Ly, REE N
FUWE BN Ay, MIFEHE G HWEURMA OTRR
AgS, AxP,GC,

Ly  4aRL,LiL,

P, = (8)

BRBIICRANE Gy = 5", 0,
AMP,G,G,
"7 (4mR)’LiLyL,

5% (9) BUHBUR I

P, =P, +G,+G, - L, - L, -L, - L, (10)
ot 1, s R

L, = 20lg(4m/c) +20lgf + 201gR  (11)

2.4 AR

5450 B B 2 1 R T 4 (AT
LT R L R, IV 357 B R 0
B BRI EESR .l T T P AT
PRI R 1 BESR AR Y A T T
2 T 0 5 A A 4 H A R e
57 AR

A & LI R N Py, T P, =
P, i, BT R A BEIE 3 15, 0 A AT S, —
BT AR R A m, T BT T R 5
B A

(9)

P,=P, +m (12)
2.5 N ERMEEEE IR BirRE
(1) /Ny 2R IR W B SR BN 4 A (AT B[R] R LA
A] SR {5 R /NI R ) AR ST R R, U pk R
FRIBERBRA , 597 b2 B PR RB AT . ST e /MULEE
FThE B AR RS
L =Py -P, -m (13)
Hrep, P, IS WMBEBWIA O P, HIsHESE
SRR BUE ,m IR E AR (12) MAR
KT, % B s RBUE N, FRA5 ) 550 B B AR
AT o
(2) BHREAESLIATL % B H FER RE B /D, 8¢
BT ORI 22 G 3R Ao A0 3 o AT, BB b g i e
FEIRZE DA /N T 2858 5 i [R] B, o 1 PR o /N B 3R
WA ) B R B ) A BT[], e B AR T LA 220, D
DHEEEINFE . B A/IMEBBRTHFE H bR %K
L = 2{ j ’
Hrp, n @K HAR XS B R BE 4 U5 1 X S8
H,t R A XIBHA BTV Z), T, 5 i A XIS
WATHTE], K S 3R N TAE B (B R 5, Py iR AT T
2% BHhr REUER/DN, MRS T FERE R D, 5

P,dt (14)



BT Y TS : BT 28 R SR S e B Bt i dm AL R B R 0 1011
B B BOR AT o 50, R UBCH 200, 4645 & 3 LUV 22 R ] 5 H

2.6 et e R H R

A HCPSO fifb Bk K BdR s R AT h %, &3
A~ BAR IR TFHLI 2045 D 0 S 50, 4 7 K 4
T/ IMUCHR S5 20 25 eR BOR Ji /M BE B2 T PR BRI, 7E T
RAFEEMHRTIR T , 8P4 BAr BB /Do 18
IRAREE U , I A3 A~ B A e B /N B AR D
AL

3 HEERSHH
3.1 iESHKE
HCPSO ffifb 5 vk 42 4 S B B v - Ml BN

10

,,,,,, 42

40
> S 38 | D
(e, 100 36 %@-

(a) =4Efiar

K2

(108.39.0.37) , $udfa i I 48 18 & wh AL S Btk
FRSCHR[ 12 ] s 32 i ) Link16 WOk RESRBE , B
B ARER2dB,

BRSO : TARBR f = 1215MHz, & 5
REM4E Cr = 1dB, RREH IR Py, = 200W, 157
LBFE Ly = 1dB, HAbIRAE L, = 2dB;

RIEGUWMBEC : WKL 4R 6, = 5dB,
BWRBE P, = - 95dBm, BILIRAE L, = 1dB,
3.2 RATALE

B RAT AR CATHOAZ AR B 2 BT o

115
I S
A ] i ",
I B 11 e S S
o / H 4
< »
o
& ! J
] s e P
100 ; :
36 38 40 42
HiE /()
(b) =4

RATAALILE

Fig.2 Flight path planning

e 2(b) FroR, # BARXERI N 9 T X
B WAL T O X, 5 RATHUEAE R A 8
NFRI(A BRI A, DRI £ 5 6] 25
=), 8 TR XN 1 fiR.

#1 B8NS

Table 1 Division of target region
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Table 2 Threat factor and coefficient of starting time
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Table 3  The link margin of datalink system
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Fig.4 Effect of radiation power on total energy cost
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