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Immune Memory Based Quantum Clone Algorithm for Joint
Estimation of 3-Dimensional Parameters
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Abstract: Focusing on the computational load of estimating parameters in the algorithm of singu-
lar value decomposition based on the signal phase matching principle (SVDSPM), a novel im-
mune memory based quantum clone algorithm (IMQCA) is proposed to optimize the searching
procedure of SVDSPM algorithm. Antibodies in a population are represented by quantum bits,
and the quantum rotation gate strategy and a dynamic adjusting rotation angle mechanism based
on simulated annealing are applied to accelerate convergence with the clone operator. The anti-
body population is used for global search and an immune memory unit is set to reserve the best
antibody. Furthermore, an objective function of IMQCA with three independent variables is de-
rived by the plane array algorithm of SVDSPM. Simulation results show that the proposed algo-
rithm is effective to reduce the computational time-consumption, and outperforms the MUSIC
method in low SNR. Compared with the genetic algorithm and quantum-inspired immune clone
algorithm, the performance of IMQCA is better.

Keywords: joint parameters estimation; immune memory based quantum clone algorithm; signal

phase matching principle; plane array

FEFT G TR FITCAR A5 U, 4Gk Tl MUSIC BgEM 2 — 48 DOA Al i % 28 i 43 B 5
THRERBCE 2 H bR B Wi HAniRnlZ. — 48 3k HER T 2R SRt i 2t A

Woke B : 2008-07-25.  VEEMRA: 42501979 —), B, PRIF, R4 A @R, B, #E, H+LES
. FEEIH . FER A RBFIEE B H (60272077, 60672136).



76 WoE R

B

N Eitd ERRES

%

KHFEFSHBCT. BR H RS A 8 %k (SGA™ B
AT AL DOA Al 45 bR B0 (ELR fige 1) i, (HH:
Ty BB M LURIE A 45 SR S R R AR e . 5
- HE A UG i 23 S A1 43 (SVDSPMD ™ 483 78 IR
M b LA AR M LR AR 2 ) 3R ST AR
MUSIC 83:19 1/2~1/3, S8 IR A0 1/4~
/78 e FAL R w9 SVDSPM 8.3k 38 1] [f)
HHG 5 A AREA £, HLJG T 2 80lc . SR i 76
[ 12 2 80t , SVDSPM B3k 119 52 s 1 AN 4
S ECHE LA ) 2 4E S BB A AT R AL
P A SR A2 8 v B (IMQCA) Xt H 5 o
B AT F0 NI W g e T SVDSPM Bk 15
BOAAGTT T L 07 EL e Ml T SGA i, KRR
BT HEREE .S LS AT R TR ke
2 (QICA) A H » St M Rt A T /.

1 SVDSPM 1~F1a B 7 hifli 8k

W CAE 70 A B4 1T B A P Ta B Hep g
HITALS e B TCEARBRIE A o PR RS, BT
H N ASTCHE I P 0 B T 4 . 26 @ AT T
(ricosg; srising; s0) ,i =1, N. [ 1b i T 7
T (Reosfcosgs Reosfsing, Rsind) Ak, Hodr 0, ¢ 535
HFE IR A FTT AL R IR T 2 A AR s
o WFEES. I 1b ey P E 0 R 22 &) o0 A
R+

y
. i 0 ry
. o,
[ ) .N
Ca) - T P4 O B G 00 A

(b) YA 5-F i
FI1 P iE (oL Y s [ R

PR T 75 ¢ 20 % BRI s (0 B8 & Moty
FEAE S T AR IR N

pi) =s5;—7c)+nm;(t) i=1,--,N (1)
o am (0 25 BT E B i i R R 5 o S 3
IR AW TIPS I B3R AR A B o 1 S IR 1) B SEE
AR A

- %{uz + a2 27 — [(z— ricosg)? +

(y—r,-singp,ﬂ)ZJr(z)Z]l’/Z} (2)
Horr e R, (s vy 2) AP IR AR R, B 7 R A7 B AR
ATTFE(2) 15
N O _
o = C{R R[1

N2
%“’S%OSW*%W(%) ]}
3
Hd . R=(?+y*+22)V2.
HF 3D MR B o 175 5 75 M 28 AT 5
T OB RIS (PRI SCHRC6 ) o 55 UM 2

AS =P+g¢ 4)

WA ERAE S AETT L - 0 I /N 3fefit
S=A"P ©))
A AT SRR A . fTHE SRR E=

| 'S || S48 APEHIE 5 0 B ) L (H 75 T 35 55 B A
BT SCIE, BTN B8 By oH 5 L RE = 59, [\
AR MR AR 2 5 ABE TR AR E. L,
AR R A B (BT AR AMED B, 1) i P+ I
AR BB OURFERE A, N IE B A fE B 5t 4
AL TR A Hr. by sl G B ok o, U B AAT
R £ 358 1 kg 0 53 o

1
T w(aah)
At (o) FRRIEREML. SR )5, MM R B L5
AT SR S5 SR A0

(6)

2 M IMQCA fifk SVDSPM 5k

BirER 5 SH it
e (O 1 LA BB - BT 53 FIE R
KB H AR EO IR (6) Sy F A A bR pe
Hop s

2.1

fy = 1
E tr(A(goaﬁ»w)AT(gm@,a)))

AP A SAHITNMA o I 0 AR w 34
RS (R E A 78 BN m = 3. RS0 H bR
HES R Oy BRI A IMQCA $3k 548 H b o
B D BIBAE DT AR it nT AR A H B pR R

(N




55 43 A28, A SRR S AT I SRR iC A T e RS 77

(BT X L 4 557 £ S OREAVD 8 RT3 g A (L
2.2 IMQCA Ei£JRHELR
IMQCA i 2o #F b i # XF SVDSPM Bk A fili 11
NN AT T B 5 I ARBHER K (SA)
BUHIME IF 51 e e 1] ok B8 0 e 5% £ B4, e ie 12
FATTOR B AL D) S 0 B AR BT [ I ) e B
T R T8 T, AR 45 T REAR AR F 748
FRVER G SR AT B AT AU T332 e i L
FEE TRV Z R, IMQCA i HEAL BRI .
(DFAAREL £ =0 W) i T b FhEEB(0)
RIS ALEL (=27 5 9 SRR SN 25 OF L
1), a9 FLRRSEL 2 R AR IR 9 (RS
B s O, B IC IS B IT AL w, A 06 i
BRI u MR ABGCAZ 3 TT. TR R AR
PUAR-BUE R B (D).
O HEPUAR-PUA R AE
Q= min{D; } = min{exp( | B, —B, || )}
1% js 1.7 = 1,2, (8)
Ao (ol AR R E, X i A — i EE B R
B A PUIRTA] A SR A CRDAR B D B, Qi (A3
N AMHRZYTAD . B, 2 D= (Dy) 515 =1,
2 sn B -PUAAR S TN EEHE B, SO e T R RE Y 2
FEPE.
THA e R R
c; (k) = int{n.p:Q;} €))
K n > 25 SO RERUBCA R REE s int( « ) hy
U R B DR R AR AR
__fBik)

DBk
i=1

AL S R R ) B — TR S SRR
PUA-GUS R AL BUAR-DUAR SRR A 3 N B Y
HHTAR /N (Q BT MR (o (O
i SRR K.

SCRERRAE. IC T R N T M e e ad 2 5 X

10

H
B' (k) = TC(B(R)) =
[TC(Bi (k) TE(By(k)) TE(B,(R))]"
(1D

KB ()WL E B (k) =TS (B (k) =
LB, (k),i=1,2,,n. 1, EICE N 1 W ¢; 41T
] 1.

(3) X5 B R J 1 —F FF AR PN 8 SR FH 2t e e 1
T FAR SRR A B R FPBE B (). Hirp, i 2

BRAULIR K SRR e % A U vk b A T eiatk. 43R
PR
A = exp[ (f(x) — f(b))/T] (12)
T =0.99""T, (13)
Ao x A S HTAR B (o) Hp ) A ) 5 b oA 2R
R gkl 1 55 £ C o)y HARREG T A4
B GRBE s To AW, & SUIER:
o= Ao (14)
K Ac B9 HUE DL SCHR 10 ], B — 4 &2 F R A
Coi 0 B BT AR
Io,-/ cos(s;)  —sin(e) [ p;
Lil_ [sin(m) cos(o;) ]L,} (15
(D PATIRFRIRAE TC, BN Te et 74 S g
VE S5 04— ORI I AC AR Hh 35 488 23 R 2 A 5 K (0]
5T R I R O MBI T BT A R
B(k+1) = TS (B(k) U B (k) (16)
G)HBEHAEE BGR+ 1) (P -TIR E FIEE 2R
BAH K DUAF R R R 5500 « DPUA « 455
HIEE 3 1 1CAZ 57T i B PT AR AR - 7 2B 3 B P AR ol
BB (k1)
(6) 5 FE e KA ARE A 2k 25 1, T2 0k 3t
BN AR BB R (2).

3 PIE4IRS 0

15 FL T 09 P TP 2 ER 32 AP T I A A
1 xy 1+ TR B EA 0 8
ANEWE TG, [A)FE d=0. 24 m, {0 1b fros. & Br
T =115 Ml 6=45", f5 S 4% f. =3
kHz, HFRIEEE) R=10 km. Pk {# B A8 o i 8 L
=4 096, FAEHHR f.=1. 024 kHz HAh, FHH c=1
500 m/s,Monte Carlo SZE& R EH 100,11 5 K
Intel Core Duo T2450 CPU, 1 GB A%, {Jj E.3L 5 4K
14 Matlab R2006a. FiEZ4T SR E M T DO
SGA RV Jy 50, 28 SUHE=R y 0. 8, 728 S HE 4
0. 05, Bk R ARG S50 s @ QICA 1R IR FhE
A 50, sl MBS HL n. =50, B 5B 7R A&
THERET TR LI 1 /R T F #HR 0 & 7 hiik
1 QOIMQCA BYICIZH T w= 15, B KA

RS T, =100, KA 2405 QICA #fR]. fe Ktk
FREI R 500.

F 14N T —10 dB BEA SR L8 RIERE.
o, A B R 0 A U0 AR R EE A B
sl T B+ 2°f+ 5 Hz 35 RN 8 3K
A5 S LAk ik 9 1 A A IO i e 1 B8 () Wi A .



78 i A /B =SS I 74 %43 %

MR EAE T AR 1B Rk BE g 2 — 10 dB {5 of
W U A9 AR T ZOR (BRifE 22 /N T 27 Hat 53k
BRG] 2 7215 s ALY AR G
RFEHTY 1024

K1 RS RI R
PAHRIE R R

Sl T YN T
RS S s
;01114. 961° .
, . 173 401 285
$=1.121
O=44.916 6" o 181 433 290 o0
¢ =1.1352° :
7.=3 kH . .
r f2 L5 7ZH 1 149 396 257 - ‘ / /
¢ L. VA E_ \ i
Ve WOTRIAIRIE: 0 WRDSARIE: Fo BRI ¢ K7 (o s mﬁm W?‘ ﬂg&.‘\g\
/A N
SRR 30 R i PR 5 1 b 22 e .,;"l" l »‘% '//m%
400 el —"7};4 y/‘/‘ér?‘()%_/é
Pl 2~ 4 4R B (50 L —30 dB.—25 dB. P Uz o
N v 3 0 R
—20 dB AR SCH A MUSIC 513 978 [l I P 1085 Gl
{5 W B R 0 25 B RS 6 b T LU L S Rl
—30 dBI A SR A — 3 R R BEE L T (b)MUSIC 5%

MUSIC S8 () I 0 G 1 43 Bk (3 Wk Ly — 20 dB Pl 3 AR LDy —25 dBB A 2 [l

A ek st ) , Bl 5 15 M bb A 4 5, 2 R 2 T
F14) 5 U 24T B R R A B3 o (ELAH BL 22 T A S 1Y) 55
il ae 158 T MUSIC 53k,

KI5 45 T A A {5 Mt R SGA L QICA Al

0.0
IOV
g0 7 //"\"/, I
%o - "'i!“?‘%)’%&’}‘) (b)MUSIC %53

" B4 {5 H o —20 dB EHRZS 1%

IMQCA 5 B4 77 (3 £ AR 00 A1 RS 5 HE AT S0 14
_ bMUsCHRE P2 BRI A L 55 SGA Il QICA B Al
2 (RIS — 50 dB IR A He L IMQCA. 5 2 RS B v AR V3 BT 5. 461



%4

A28, A SRR S AT I SRR iC A T e RS

79

165 60
14 Sob
12 E
10 4o
l@ ¢ %30-
& 6f po)
= S
ZN “F
0 1 1 1 < 0 1 1 1 0 1
=20 -15 -10 -5 0 5 10 =20 -15 -10 -5 0 5 10 -20 -15 -10 -5 0 5 10
5 ¥ H/dB {5 % t/dB 5 % t/dB
() I LR IEZE (D) Fa A v 22 (IR
5 3 FLIbA TR REXT L

—10 dBfEME LT . IMQCA Frfg 7 47 ff AT
FUA 0 b o 2% 23 91 b SGA /)N 6.659°, 9. 645° Fll
28.634 Hz, b QICA /) 0.789°, 1.075° Fil 0. 864
Hz, kB T IMQCA 7£ SVDSPM 8.3k o i A
R

4 ZEWE

ASCHE BTN T BB AL 55 IMQCA, 35
B TAEAKIEFEAL SVDSPM B2 A 11K B 15 1l
4 T ARE R L B 5 SR P A B AL R AR
SVDSPM J5 (Al 55 v 4 J8 31 22 48 S 808 A A
T E T A #2238, AR5 T Rear a5 3. fEd s il
BT BE A LA L T R sk S % E i )
SVDSPM 12 B A5 (8 24 J5 W9 i B .

SE 3k

[1] HUANG Yungdar, BARKAT M. Near-field multiple
source localization by passive sensor array [J]. IEEE
Trans on Antennas and Propagation, 1991, 39 (7).
968-975.

REEVES C R, ROWE ] E. Genetic algorithms—
principles and perspectives: a guide to GA theory
[M]. New York, USA. Kluwer Academic Publish-
ers, 2002.

R AR, A, B TR B IE 1Y DOA A 11
(] PR RS2 22 4, 2004, 34(3): 361-365.
XU Shangzhi, XU Xu, YE Zhongfu. DOA estimation
using genetic algorithms [J7]. Journal of University of
Science and Technology of China, 2004, 34(3): 361-
365.

EHN L 2SR PN A B TR VE L J B A R A
fEflit ] 515 8244, 2005, 27(2): 189-191.
WANG Huigang, LI Zhishun, SUN Jincai. A robust

criterion for direction of arriving estimation based on

[2]

[3]

[4]

[6]

7]

(8]

[9]

[10]

phase matched theory [J]. Journal of Electronics &-
Information Technology, 2005, 27(2): 189-191.
INHEA, WO A5 55, R AR = AH AL VE T Ji 3R Y 7
W AR T SE I W oT [0 ], 75 4% 2% 4. 2006, 31(6):
488-495.

SUN Jincai, XIAO Hui, HOU Hong, et al. Experi-
mental research for direction of arrival estimation
based on signal phase matching principle[ J]. Acta
Acustica, 2006, 31(6). 488-495.

71\ 7] A 87 S = B N I 1) (<o A T = B2 4
HiR 22 M (1], FH2faEd . 2008,33(3) : 197-204.
SUN Jincai, YAN Guanghong, XIAO Hui, et al. A
method of direction of arrival estimation using a plane
array and analysis of its performance [ J]. Acta Acusti-
ca, 2008, 33(3): 197-204.

LI Yangyang, JIAO Licheng. Quantum-inspired im-
mune clone algorithm [ C] // Proc of the 4th Interna-
tional Conference on Artificial Immune Systems. Ber-
lin, Germany: Springer, 2005: 304-317.

XVEN, ER A Bk =, 4, — Pl iy st e LR
KA R IR L] & S5 B2 4Rk, 2004, 16 (5)
1099-1101.

LIU Zhigang, WANG Jianhua, DI Yingsan. A modi-
fied genetic simulated annealing algorithm and its ap-
plication [ J]. China Journal of System Simulation,
2004, 16(5): 1099-1101.

DE CASTRO L N, VON ZUBEN F ]. Learning and
optimization using the clone selection principle [J].
IEEE Transactions on Evolutionary Computation,
2002, 6(3): 239-251.

HAN K H,KIM ] H. Quantum-inspired evolutionary
algorithm for a class of combinatorial optimization [ J].
IEEE Transactions on Evolutionary Computation,
2002, 6(6): 580-593.

(gl x4%)



