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Optimal arrangement for passive troposcatter surveillance system
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Abstract; To improve the localization accuracy of angle of arrival in passive troposcatter surveillance system, an improved particle swarm

optimization was employed to arrange distributed nodes. Geometry dilution of precision was deduced and treated as the evaluation index. Chaos

theory was adopted to modulate the position parameters for particle swarm optimization. Adaptive inertia weigh and learning factors were introduced

to improve the optimization ability. In order to avoid getting stuck at local optimization and enhance the global exploration ability, swarm

optimization based on two subgroups was adopted. The crossover operation and mutation operation were carried out based on two subgroups as well.

Simulation results demonstrate that the proposed algorithm can obviously improve the location performance of passive troposcatter surveillance

system, and the operating time is less than that of the traversal optimization.
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Fig. 1 Passive troposcatter surveillance system
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Fig.2 Diagram of location algorithm
MG 2 25 AL 5 &R 456 H AR 5T 5
AIABAR (2, v, 2) , MR R AR TR (v, i, 2) BA
LRI RIRTT A @, Al A
\/(z _zi)2 + (}’ _yi)z

x =X,

@, = arctan

,i=1,23

(D)
XD EA3IDRAMSEH I, BT E 3
NITREA BEA ROE LA IR . AESEBR R AR,
v ORG BE | M A R L B AR MBS i mT Sk
WRBAEEZ T 3 Ao 1A = iAo 77 X
ANNA], e AW E LA R 22 e BOR . RBCA M A
T (D)
xztangoi -y -7 —Zxxitanzgoi +2yy, +
2z, +xtan’p, =y, —z =0, i=1,2,- M (2)
Tiiff o EE il H bR S L L AT
AEBR I DR , W DT LA I i — 20 2R T

e, o, dp;
=0+ O0x, +— Oy +
op; ™ 0% o, o 3y oy
op; op; dp;
iy + iss + iz 3
™ oy, + oz oz + oz, 0z (3)

AR C(3) R N 8¢ = C8X + 68X,



o514

X, 28 X 2= HICH TG U M L 2R e de DA Jma 12 - 105 -

I:P’5X = [5%,5%52]T,5€0 = [8@1 ’8§029 "',8QDEW}T,
FFE C F 06X R 435N R

[ e de1 91
0x ay 0z
9p,  0pr  9py

C=| ox dy 0z (4)

0py  Jdpy  Ipy

L ox ady dz
[ o d Jd
ﬂ&cl +ﬂ(‘5yl +ﬂ3z1
ax, a9y, 0z,
¢, e, dp,
—0x, + — 0y, + —0Oz
0X, =| 9%, 2oy, & 9z, (5)
@, ¢, @,
0%y + 0y + 0z
| o,y 297 M Y m 9z, ZM_

B S FE C R, H Uk, AT CTC R
8¢ = C5X +5X, 7B TW , Wl 8X Fom N
8X=(C'C) '(C'sp-C'sX,)  (6)
Lor=[(x-x) 4 (y=9)" +(2-2)%]7,
SR () BT SR, 115
_ V-y) 4 (z-2)°

0x axi T

Op: _ 99

oo _ g (x-x)(y-y) 7
W R (y-y) e+ (-5)’
%:_%: (x—x,)(z-2)
0z Bl S(y-y) +(2-2)°
R MR o 7 (A D R 22 S R A HL
HAHE SR, A1 A sl ik R 22 AR R R A
HAKK, BbREMiRERI 2" i Hm o
P, =E[8X(8X)"] (8)
SERLPERE VA $E AR JLATRS B R 1 60 g
FIRN

G=Tr(Py) (9)
1T IR % 1) 5 T PSR , Xt J 2 HB S e i
RGN RN E AR 22 Ay T B 8 il T T A5
i L BORS Sh  E BAE ARSI PR (7) iy
MR SR 2 0] 20, RIS H AR AL &, B D5
TIPS o AP R A s RS R, T
Wl 1y s, DA Bl LS BE R~ SR
FESZBRI AT AR v, R S IR B AR, PR, AR
HARTE— DX SERE R 1 B, A Rt PSO X5
A SR T, A2 B/ N2 T LAADHRS JBE PR X Rz A
W RALE

2 BRBRARE

2.1 EAPSO &k
PSO 1E—Fm s SRk, )2 B TR
AR PSO H L~ i 7E A BT I 4 36 1 J3E
ey QIR (NSRS I S AUl LI A
TEFAE DI N AS W 7% 2y, J AR 41 3 107 R 45 B
Ao B m ASRLFAE n 4B R s a) b S
56 ¢ R IO BN« BB R v, &
AL E A py, (1), BRI iR T2 )
ML E N g, (1) o ¢+ 1 PRI AIN; Y 2 B2 Fz
BN (10) At (1)
v,(t+1) =w *v,(t) +c, * r,[p,(t) —x,(t) ] +
¢ rylg,(8) —x (1) ] (10)
x,(t+1) =x,(2) +v,;(1) (11)
XO0) Hrer, A, 278 0 3 1 ZEBEVLEL. o
FORBMERE . o) Al e, R AT, — B
0.5 ~2.5;¢, WHEBR, MR i3 Z 11T R &R
PR e, BB BOR, W2 (kL 78 B e 83 Jm ol
B o AR RISk i, AR AT AR B
i, B R R 2 ) PR TR R
¢ = -2t/t,, +2.5
{cz =2t/t,.. +0.5
C12) H1, 1, A 0 43 590 271 B3 R4 i -8 AX
o WL BRI o F TR &S REREET, &
N o FITIER RS REE ). T RETE SR
FR RIS 2R Z (AU, 22 B 38 228 AL Y AL
(EMLAIBER T RRATR 11 gt 28 238 D SR, 5 A —
Tl B 38 I AR Y Ok, = (13) Fs
s = @i ) e_(tmdx_nz + Whin (13)
K3 W, 0, o, 53 51 278 I RN /N
HIzC(13) TR, BIHHACR Y o AT S A5 1~ PR
PR PGk YR 5 B 26 AR B, BN o 1]
MR AR R AU . Bk IR S HLRE
AT, — EORL 53R HF Y 5 R AR AR A (AR SR
R TR 98 4 i o B STk 2R — >3 K
PRARL R, B ki AT, RV TR R it rp
AIRERA A R AR AR, P G, 5 S X B8 ik R A
it
2.2 B PSO &k
T REDLI BEW 5 i3 FOURCR  TE— E R
PR AR AR R . AT RE T AR ST
EESESER 7 i A IOE R -
yi(e+1) =x,(1) —v, (1) (14)
B URACH BE PAS TRE Y R 750 e A o7

(12)



- 106 - e AN o 4

5543 &

(ECHEAT O, R SE I 14 Jay sk I (LA Sk 258 7
BT 0D oI55 3 WS B s 222 D) 1 AR M EZ £ el
GIHICTE , G B AR R IR AL , 225 s B s v A gt
LA SRR TR — B MR T T8 X
A A5 B2 = A1 1E, AT T kL 7B i £
ARES, v R . S XA E I (15) P
2/ (t+1) =P, ~x,(t+1) +(1 =P,) -y, (t+1)
(15)
K(15)H,P, B0 ~1 ZEIFENLE . Fr AR+
PR SRR P T T m o x P, A
Ry AT R, I (16) Fs .
x'(e+1) =«/(t+1) - (1 =-P_,) +x/(t +1) - P+ P,
(16)
Lt R NS ARG, PSO A F LT
—FHRE (e + 1) AT 3 A>T HEAH B HLE, iE—
A EH AR R RO TS, ER TRk LL
TR i %50 .
LA REL CENACH LRS- AUE SR X1 S AL
FP 5 B AT BEALE A v, BT LA A6 Ak
THIBLE o TR TFH 007 A -
Ao =40, (1 =A,),1,€(0,1) (17)
FH(17) 1,1 ¢ {0.25,0.50,0.75} . WRIEZ(17)
PR S B BEALME 5 P v, AT ORIE W] BR
BT AR 25 (], PRk i AR R an
3 fRe

AR B
I B B

v

TR A R
BEATH

L&) e
BIUE

¢ A

T B R B
[

K3 ot PSO itk
Fig.3  Process of improved PSO

2.3 ETHi#t PSOMRMEBEAR
F T PSO YAk To IR W B & G A Jmy T 52
ARG T
ST 1861, WIthik PSO h—R73)
.

W

B2 MPRERI LA AR T BLIE 16 A ol
RSB R EY1 W AR I AT RS

B3 EAUT . RUT 4 BT B A B
SR I S SURIAR S A A = AT
SRR LA, SR AR AR B R A o

SRA LXK E, AWREREGAS
ZARSEAE AT G BRI IR 3

BRSBTS AR S xy Al TEIE
AR, — R T 07 B G IR AR GE A A i e
[, ISR R R4 o A v S0, Q2R 52 U 55
FEA TR xR E, IBUR KA. a2
B R VR R INIERENIE S R INIEL /R
SRR &, BRI A% Bl B T 1

FESEPRBE T, b S IR A 07 B R A
N T B RAEREAS DI N B B A SE O PR RE, T ]
R DA DU < 003 DX 38 P ) P A ) E L s 11
P JUAPAS B TR 538 3 /), BRI

1
fzﬁlcmw (18)

S(18) o, 3 FBRAT At BEAG Ik, %4 (18)
B LB RS HE A A A

f=vX6 (19)
R (19) th Ny By R HO B
3 EHBISHERSH

B A 3l X 3O 1K 2 100 km x 100 km fY
T , H AR X 200 km x 200 km (HEIE , —3%
HL A 300 km, HIJRIFRT « i X H AR X4k
PEAT WA 124, ABBERE SR L 2 ME R o B AE 4%
FL AT RN W BT A R RS T B (R R L —
B0, ARE T B Bk PSO XY g A R EA T Ak
IFABRIERCN 0. 5°, 253 A E LR ZE N 10 m,
ARG SR 4 A0 7, DLC4 5
i, BEE PSO HORL T AU AL B AT RO 1 x 8 i)
L w020, 005 %5, Y5, 8, 00 |, S SR [R] A
e 1 x8 [,

AT I 0 F-00 75 645 20 B S A Jey i 8] 4
P, %A e 75 AOuk I H B X -7 45 GDOP 45
RIS TR

2L FALAR A SR 7 SRR 3 587 %%
AP, 9 R I A AL B R ZE R AN , AR SO
et (G A J) ) oA AR R PERE XS EL I3 1 i
U4 A SR A R 5 R TR A R,
Hoh K 30 km; B A R ARG A% 1Y R B
25 km ;7 A1 B B A RE AR 34 km, 2575 5



%14 XIHE 25 TR B TR W R S A A R ik - 107 -
50 . 50
® 4 ° P N N - : 5
B T ¢ 5 i —©— WAIRIERL°
30 ; : -E-- WARZEHR0.5°
= ° 35 ; '
10 . . g
o) ]
g T 25 f
" 10 T TR o
i o, :
[ é
[ ] el
| o Lo
_50 . Il 1 . 5 1 1 i Il
Zs0 —30 —10 10 30 50 3 4 5 6 7 8
x/km A

B4 o An X0 s A =

Fig.4 Optimal placement for distributed nodes

)

100

50}

»/km
[

—s04

—100 T T i
200 300

x/km

K5 P8 GRS
Fig.5 Contour of mean G
o AGTEIR b AN R 4515 RO EE 10 km,
BRI 275 A R A R B D AR AR R

®1 TREGEEERE

Tab.1 Performance of different placement

REDY ATk WIRATR HEAR
4 15.524 9 20.45 59.43
7 9.746 5 13.71 52.11

A BN AR 222 1O 0. 50, £ iR
ZEPRFFANAS o AR ST $ 07 5845 29 i de I A
Jey ERLPERE AT BOC R W 6 B

IR EREEAR, AR AR 258

XL 2 TC U I 0 2R G OIS R 7 7
TERERE (7 b , % A I Bl A J= 75 30 e A i
AR

ASSCHT R iR PSO RE A8 XS 41 A AN [F] 1 75

S SRR IR Y P S
Fig.6 Relationship between the mean G and

node numbers

A XL V2 I R B M AR S AT e A SRy B
i, A A R T AL e A Jm 7 2

G AT R T 0T B AR5
FOARSORT B, € DL PR RERL LT 1Y LA S G
U AR T RSN, PR RE RIS TR SE AR X
%, ELRARAR AN S G BOR R 7 i XS
LA

8 5 TGRS BB 8 XoF A1 R BEAT A AL, SR T
WEEER L4 A1 6, HAR X8
ELBERS km, mlRE H AR X3 2350 1600
BB T R BN Clg, TR T E K
AR SCRT AR 19 S0 K2 R /NI A2
HZMHF 4782 8, R b b 5o 2t
Fr AW/, R Hm SR A 2 S BTk o 4
ZU W T B ALO5 Had B R W] s 1T i A 2 7
10 min,, 656 38 P SO0 17 ] o

4 it

AT T et PSO Ak X it J= Bl G
PRGN A 5y e T 5T 07 A 5
FITEM 5 AR T8 XF PSO H 28 L Ko 4044 il
At B T BE R R AT R BE T . N SRR
PETTRRIINERE, I8 T — 5 XA H b i o U5 55
MR BRI O, D7 LA SRR W] R IARE A
RO LA TR M R GE A JRy o AR SCHR B
AL R AT R, SR T I T 3 L %
TR B4 PR BRI, SRR B AT RETE L 4
T o] S P A o 11 DX I R A 2, DA PSO FAIE
Ao A R AT AR B A SOV L A PR
T AR T R



- 108 -

e AN o 4

5543 &

2 % 3Lk ( References )

(1]

[10]

LI C L, CHEN X H, LIU X P. Cognitive tropospheric scatter
communication [ J ]. IEEE Transactions
Technology, 2017, 67(2) . 1482 - 1491.
X, BRPGZ, XUHE, S X2 O E G 1 e
BB SBR[ T] . BRSO 2A22 4, 2016, 39(6)
182 - 186.

LIU Zan, CHEN Xihong, LIU Jin, et al. Jitter mitigation
model for time signal transferred via troposcatter[ J|. Journal
of National University of Defense Technology, 2016, 39(6) .
182 —186. (iin Chinese)

GONG S H, YAN D P, WANG X. A novel idea of purposefully
affecting radio wave propagation by coherent acoustic source-

Radio

on Vehicular

induced atmospheric refractivity fluctuation [ J .
Science, 2016, 50(10) : 983 - 996.

LIU Z, CHEN X H, LIU Q, et al. A blind signal detection
algorithm for passive location system based on troposcatter| J |.
International Journal of Microwave and Wireless Technologies,
2018, 10(10): 1 -6.

LIU Z, CHEN X H, LI C L, et al. Research on detection
performance of passive detection system based on
troposcatter| J]. AEU-International Journal of Electronics and
Communications, 2018, 95. 170 - 176.

LIU Z, CHEN X H. Prediction on operating range of passive
troposcatter detection system [ J |. International Journal of
Microwave and Wireless Technologies, 2019, 11 (1):
22 -26.

I, MRt oA R IR E AL R G s R AR R
LRAMEREBI T[], T 2% 4R, 2018, 46(5): 1186 -
1193.

YAN Qingli, CHEN Jianfeng. Node placement optimization
for distributed acoustic source localization system and
performance study [ J ]. Acta Electronica Sinica, 2018,
46(5): 1186 —1193. (in Chinese)

SARIC Z M, KUKOLJ D D, TESLIC N D. Acoustic source
localization in wireless sensor network[ J]. Circuits, Systems
and Signal Processing, 2010, 29(5) : 837 - 856.

LIU Z, CHEN X H, LIU J, et al. Method for estimating
tropospheric bias in passive detection system[J]. IET Journal

of Engineering, 2018, 2018(6) : 332 —335.
B, EG, B, . RS TI R GDOP (|

[11]

[12]

[13]

[14]

[15]

[16]

PP A [T]. RBOKR ¥ (FEFREM) ,
2017, 42(6) : 838 —844.

HU Chao, WANG Qianxin, WANG Zhongyuan, et al. An
optimal stations selected model based on the GDOP value of
observation equation| J ]. Geomatics and Information Science
of Wuhan University, 2017, 42 (6): 838 — 844. (in
Chinese)

WANG B C, HE Y, WANG G H, et al. Optimal allocation of
multi-sensor passive localization [ J ]. Science China
(Information Sciences) , 2010, 53(12) . 2514 -2526.
XY, BREGZ, XI5k, 4. BTGk TR AL LS-
SVM ¥ T0 A b 22 B F 58 [ J]. A0 % 4k, 2013,
34(11); 1509 -1515.

LIU Jiye, CHEN Xihong, LIU Qiang, et al. LS-SVM based
on improved PSO for prediction of satellite clock error[J].
Journal of Astronautics, 2013, 34 (11) . 1509 - 1515. (in
Chinese)

KRS, BEM, kg, &F. EETIRAEHE - R TR
LR E R )] RE TR SHFHOR,
2017, 39(9) ;. 1987 —1991.

ZHANG Haowei, XIE Junwei, ZHANG Zhaojian, et al.
Scheduling based on the hybrid genetic particle swarm
algorithm for the phased array radar[ J]. Systems Engineering
and Electronics, 2017, 39(9) : 1987 —1991. (in Chinese)
LIU Z, CHEN X H, LIU J, et al. High precision clock bias
prediction model in clock synchronization system [ J ].
Mathematical Problems in Engineering, 2016, 2016 (11 )
1-6.

BRUE, BREEE, Xdkll, 5. R A B &R TS-IPSO 4k
HRERG B PR 2E[T]. RIOKPER (F BR#
i), 2018, 43(6): 1 -7.

LI Chenglong, CHEN Xihong, LIU Jiye, et al. Predicting
satellite clock errors using grey model optimized by adaptive
TS-IPSO[J].
University, 2018, 43(6): 1 =7. (in Chinese)

PR, HER, BRI, S5 BRobE E TR S R0k T
A s 2 L], [ By R B K% % 4k, 2016, 38 (4):

Geomatics and Information Science of Wuhan

159 —163.
SUN Ruisheng, HONG Qiao, CHEN Jinzhang, et al. Particle
swarm  optimization ~ method  for  impulse-correction

projectiles[ J]. Journal of National University of Defense

Technology, 2016, 38(4): 159 - 163. (in Chinese)



