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Abstract: In order to achieve the separation of source signals subject to arbitrary distribution, an improved
quantum artificial bee colony method was proposed for optimizing the blind source separation algorithm. First,
on the basis of the standard quantum artificial bee colony algorithm, a chaotic optimization operator was intro-
duced to generate the initial solution, so that the solutions of the initial population were uniformly distributed on
the feasible solution space; Second, dynamic neighborhood factor and forgetting factor were introduced in the
search stage to control the optimization direction, improving the convergence speed and optimization ability;
Finally, the objective function was constructed based on signal kurtosis, and the separation matrix was obtained
by optimizing the objective function using the improved quantum artificial bee colony method and hence one
could realize the separation of mixed signals. The simulation results showed that the proposed algorithm was
able to separate sub-Gaussian distribution, super-Gaussian signal and the mixed signal of both, and it outper-
forms the traditional algorithm in terms of convergence speed and separation accuracy.

Keywords: blind source separation; quantum artificial bee colony optimization; kurtosis; super-Gaussian

distribution; sub-Gaussian distribution

(Wi BHI] 2022 -09 - 12

[E£MB] EXAARFEETH (51879118)

[1EEfEN] Bf (1998—), %, WA, NEFRGEE U, EEES. LRA (1981—), B, #i#F,
15 N BEE BB 1 REMFEZ RIS, E-mail :roger811207@163. com

http : /xuebaobangong. jmu. edu. cn/zkb



514 e #, SF BT AT E IR 5k - 05 -

0 3%

TERHAREFE AN TAEN v, 38 5 A% R R (5 T AR IR A HAWAE 5 IR 15 5 B PRI e s 45
THES, ML EERSESR N EGE S, mFES G S A PH &R R T 1
U TGS R BE AL S B, FUR(E S 5 A S AR A AR, X LA ST A TR E)
1R Z R B N ARG AR I (5 S OWIES) RIS, X el T ES
AL B A i — AT B A 5T T 1) H15 945 (blind signal separation, BSS), WHkAH 45
(blind source separation) , BSS ZF8ER G5 MG SR ESEIIARMEN T, (URIEFEME S WS IT
FREMIIE S s th BT IR 51, At | BURS | R | EfE™ S a2
TR

BSS L Z ARG, A NEREES T BSS MA37 4354387 (independent component analysis, ICA)
R R M A 2 I GE T AR S AT ST B X — A BURAR HE T X BERR A5
7114 BSS WF5E IR ICA HAR R BRI FIR AR . ICA Tl KAt 55 S8 AAEA eI, Hfs s = B
A PE, TESEBREE, (FIRM S M RSO & BREY, HAET ICA /Y BSS HATARGF (1 T MRk
R, PG, ICA 78 BSS bR ARSI 772 MR N o O R R SR SR 5 15 5 G R AR DT 1Y
TSTHERAGHEN] 568 RS ROR A B . 36T ICA RS ALIL A A i i - | B
FOfut ) MR ARSI FE AR TR AR B RO SR Y R T
P2 28 IR, ST R AL BIR Z AR E A K R R, JE TR M2 1 i Rk,
HFBEERERA, TR RREIRAAE S AR IR B R, T R FRIEInEEN, %
AR SRR RERAAHRL S, T LAIRAMEE R RE LR IR R R N T B AE (artificial
bee colony optimization, ABCO) Bkt FhHEIL S0k 77 4 M0 BE A B0 REOR (L P03, LA il 28
MR BT, CrEAAI . B AR E] 7Tz BfL5E ABCO B
PATAE S BRSO T 18 (e s, DRI, Bouaziz %5 VRGP 5 N THEREA AL A, R TR
FNTIERAE (quantum artificial bee colony optimization, QABCO) 8k, Ha5g T ZREE T RILILECE,
HEIREARRTZR A BRI ARSI SR AN T RERIAN BSS ST,

TESPRIY BSS i, WIS — AR 2 A Fh R BUE S IR G, WRBRLSIES | 5 sE
SR E S . ANEFEE S BA AR R, KB5S 008 g 0 B2 e R m s o A48
WEN T DATCT % S8 AR5 Fh 2l ol X W5 5 e o 2 i RERF IR DAL SR B B A R SR IR A
BT AWML BSS Hikf & REIEIEE, HX B EZoRMT K, Bk, AR EGFES
AU REVE Sy B AR R AL, RATEGHER QABCO S0k Hbrekg, SCMxh &5 . #minfEs, U
Lo W HR SR SRR HE T B

1 [E)@ R
n A AL ARIIES S(0) = [5,(0),5,(0) - ,5,(0) 1", Wi —DRMEHERES
RO A RS, I m MEEERT S(0) FEATO, SEIES X() = [x,(0),x), %, ()17,
B ER AL RIS RS F AR SR, Wom=n, ZUSEHIERENIR, T LU 0f
X(t) FEAES S(t) KRR N
X(t) = AS(1), (1)
Hifo A e R™ RIRA RGEMGIHRIRA IS, Hot® R EE S AR A REG AS() FR
SAME DR EIR AR ¢ = 1,2, 7 JIRRE
9 TARAIE BSS REMS BG5S B MR AR L, 5 BB S R g i sr R, I BEAR A BSS
LS
S(t) =A'X(1) = (A"A)'A"X(1) . (2)
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HTIRG A FFERA, A ) Moore-Penrose | Ui R TT RER t, B LE A S(r) =
ATX (V) AR S, REEE A —> 23 B 5 M ML A 5 vh 43 8 1 RS 5 Al T HE 5. BRIl
BSS 1Y HAR 2RI IRAE S S (1) BIGEHHMSIARBARAT, X m xn RATRGFEFE A BEit—1> n xm /3B E
B w, AR

Y(t) = WX(t), (3)
M5 X (o) BB S() BIMITHES Y () o Hob: Y () = [y, (1) y, (1), p,(0) 1" AT ES S
BAES S(0) MATHEIRE ; TEm=n BT, SEEEW = [w, w0, ] T w (i =1,2,n)
& m B AT I

2 E- T QABCO Eikay BSS
2.1 B#REH
U P R AN T SR IX A s S R S S, R AT DA — R A S 2 W s A
RO B ITE S, o T TR, ACSCUUAZARIE VR AW S e, TRl
K(y) & (E{y* () 1)/ (E{y* (1) ])* =3, (4)
B K(y) =0, ESNETES: SK(Gy) <0, F9REEEES: 4Ky) >0nf, F9
SO E TS L AN SC LU S BRI FEE Ay 0 v U SR A 2 S S R W
ST PSS (%, 7ESZBRAb IR BSS [ I 5 e WL A% 5 HE AT 25 AR G b B, A3
T FH 2 (EL R AR PR RIS B X (¢) AT TIAbRE,
1) EME, Wi
X =X-E[X], (5)
XIS B2 8, A S N
2) Ptk AR MR LR RS B, AR

C. =E[XX"], (6)
THEWE 5 W 2568 €, X C FATRHEE i, 153U RE B, H)
B — D*l/Z/‘TO (7)

Hp, A KHFEEH C WRHE R A R HERE ; D bl C WRRIEAEAS B X i, FH RIS A
EREY))

Z(1) = ABX = [z,(1) ,2,(1) ,-.2,(1)]", (8)
M=t (3) TSR

Y(1) = WZ(1) = [y, (1) p, ()3, ()] (9)

WRBEES s, (1) (i =1,2,-+,n) BIIEREE K(s,) >0(K(s,) <0), MY(1) = WZ(1) B W I

PRABRT, y(0) WIEEE K(y) kB (B/ME) P . ZRBIA SR B E S T i i E 5
W s S S A, AR SCGE Y(¢) BYIERE 4 XHE s B bR %, BRI

{Pl _ [cos(ﬂil) cos(6,) - cos(@m)}

sin(0,) sin(6,) - sin(6,)

0, =2m x rand( ),
Hi =12, M5 j=1,2, N5 MRMEERE N A RI4EEG v, = rand(0,1) , j = 1,2,
ceom o G (W) IKBIECR, B Y (1) AR RE 4 RHE IR B ORI, R RE I i WO N Bl 43 B
R, KHARA

(10)

n n

JOW) = Y IK(WZ) [ = X [K(y) |, IW]* =1, (11)

i=1 i=1
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Hrp, |- | B4 EBR ;i = 1,2,-,n; |- || & Frobenius UAIRAE . BB/ B H1 U6 BE 48 XHE
R R o, BRI g e 8 260 Xof {8 1) B8 0 B RS 5 o W2 X e — AR 2B R B, N
I A2 b o 1 o SO L A B ARG W LI, 46 (R 0 7 A1 6 5
GNP /3-8

2.2 QABCO &

ABCO F3 k2 — PR DL MR AT M RO RFAE R BB UL AL T, RO R om v AT, ARG -
JEFRTRIE N RE i R R R R R SR DA, e T IR Y i R SR LA AR . QABCO
FRTE ABCO BESUALHI Y BLAl b, &7 ORI RO, B AT A, Jf i & 1 hefe 1 1k T
PLETER . TR A AR, BUHTE QABCO Bk, & A Wi & 48 25 (A 1 4>
L8, NTIEBE AR, BEinE A T#r 8RR, QABCO Bk FHALERLIT 4 #4),

1) M E G, HETFHERRAR AN TS, % a = cos(0) , B =sin(f) , 6 e (0,2m) ,
MR TR LIE IR [cos(0) ,sin(0) ], BCEH M TR E AR (10),

PR A A T 0 743 772 W P /A, 4R BIXEIE R P (0) (1) BOBERERE, 2 W

P, = (cos(6,),cos(0,),+,cos(6,y)), (12)
P, = (sin(6,),sin(0,),---,sin(0.,) ), (13)
Hr, P FRRREUNIE; P FRRNIEZAE, NTIEAE PRS2 B 2Y MikfE, B0 mh N
FIRIAT I, FEDRAL BSS [l fifp s (A 44005 14 e 8, Wl @ A5 S 4EBEARTR], BRIV = m
FERAER W R n s m BOFERE , SO 2R MRE M 2 n o m IOFERES TB), N TR B RR A
cos(8),) ,cos(),), -, cos(8,,)
cos(0,) ,cos(6), -, cos(8 )

P = , (14)
cos(8,,) ,cos(8,,) -+, cos(8,,)
sin(6),) ,sin(#),) -+ ,sin(6;,,)

Pi — Sin(.0;1>sSin(0%2>s“'aSin(.0;m> , (15)

sin(@,) ,sin(0,) ,--,sin(6 )
Hep. 0 =27 xrand() ,

2) fEZSAE S, ABCO SR HR AR A\ T0 (038 17 BE A £ TR i rh b PR im0, & iR fb i 72
FRIIE [ - 1,1] o it N TR by BEAE, T ST A py 24 R TR0 S 4 Y 2
BHRAASR L = [ - 1,1]" BBk B g as a], ZEASCrh, BAReREC (W) MERDE £, EHE
i f o R N e S o o B AE R e e, IRER @ D AN T % j 4 1 IR [cos(6)),
sin(607) ], % = 1,2, m, DPRFEHE40 30 g2 [R] vhokR . 28 43551 R

b(1 + cos(@jl)) +a,(1 - cos(@jl)) !

X;L. b,(1 + cos(8,)) -t-aj(l - cos(0,)) 2, (16)
b;(1 + cos(8;,)) +a;(1 -cos(8,,))
b(1 +sin(6,)) +a(1 -sin(6,)) |

X;s b,(1 +sin(6;)) Taj(l - sin(6;,)) 2, (17)

b;(1 +sin(6,,)) +a;(1 -sin(4,,))
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o, o b 43R5 j AR B SR KA AN IR/ ML
3) ANTIENEAEH, 76 QABCO 1, i it FHelk | 1ok A28 & PO AR s 7, ik if SE BN R Ar
BHEH, B RETIEE TN UAY,) , HEBEHH
cos(AH;*) —sin(AOJ’:*)}
sin(AH;* ) cos(AH;* ) ’
oy AQY, SNTRERE R TG AR AR B A TR A L S AR N T RS M 28, (BRI ¢ AUiE
FEf o AGY (1), o+ L ACIEEE A A0 (1 + 1), BT
AL (14 1) = A6, (1) + ¢, (AG,,), (19)
2w+ 6, -0,
0, -6,, -m<6, -0, <m, (20)
6, -6, -2m, 6, -6, >m,
o, o WA i AN N THEAESS j 4= A BEALEL, BUEYERh [ -1,1] , #5461 6% 9epilA i, =X
(20) Wk N [1,n] ZIAIMIEENLEL, H k=i, BB, 850+ 1 CETIeR I RER N
cos(Aﬂj* (t+1)) - sin(AH;* (t+1)) }
sin(AG. (1 +1))  cos(AG. (1 +1)) ]
BBEER ¢ ARER i T IRMER j i TR [cos(67 (1)) , sin(8% (1)) 1", % =1,2,-,m, Ht+1
A AN THERYEE j A TR [cos(0% (¢ +1)) , sin(0L (¢ + 1)) 1", JIAHR A 50 A5 08 114 B
Bl RN
|:cos(0]'f* (t+1)) cos(@j* (1) )} [cos(@ﬁ (t) + A@;* (t+1))
sin(6, (1+1)) sin(0, (1)) 1 Lsin(6, (1) + A0, (1 +1))
4) MCEAS ., TR TR 2N, R A st, KA S EAESI A QABCO Bk,
i AR S SR, BAAN
[O 1}{005(0;*)}: [cos('n'/Z —0;*)}0 (23)
I 00Lsince,) sin(w/2 - 6.,)
SARRREER P, B NTIERE (0,1) ZEEE—DBEVLEL rand, # rand < P, NAR$EL
(23) XHZ N THE MR IE T2 S, 2N TIEIE12 B B i & RN R e AN AR
2.3 BUAEF ATIHEEM BSS
FIH QABCO Fflifl BSS Fkm), N TIAI BB mm X, X, , i =12, M, =
1,2, ,n BB RE W IR GERR , AR SCHERTIRIE B BE o | ATRIGHE R PLE], ffdeILnl QABCO Bk
WA SR RN T B By, 5 At - SRl R 5, 45t N T8 ) e U ) BB
QABCO FIRAEWIGR AL FIRERT LA REMLME , AR B Fh 3 TT BB N AN 53 51 T2 QABCO ik ANRESY
A3k DT EEA R ZS 8], ET BTG S AR R, R R TR 3 4 T PR T ke e 1 AR FE R A
SRR INBREAE ) FERT R AR EE S 5 | R A A B Ltk 3 2 P B 2 SRS Logistic Map, il
SRAL R SR, BARh

U(A6:,) =[ (18)

6, -6, <-m,
Ab,. =

U(AG, (t+1)) =[ (21)

}:U(Aej*(t+l))[ } (22)

g = pe, (1 —8,), (24)
Hrp, i FORE i NANTIE, i = 1,2, M jRRMBEMGER, j = 1,2, n; &, R j4EME k
AMRIEEL &), € (0,1), &y € (0,1) He” ¢ {0,0.25,0.5,0.75,1.0} ; p e [0,4] .
TER % BSS (53 B AERERT, Sz (24) Witafbiest f, HEREAN
H;k =27 X 8}ko (25)
izl (14) Fb (15) WMRALRhEELI B PLFD P, FEHEC (16) FIEt (17) FRASMEZS1E] R A Fp
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REGLI XA X0, BN BHE W R N

WlC = [wll( w;c o wfl(‘ ]T ’

_ (26)
w;(: = ‘X/l'c 9.] - 1 ’2 ’ ng
WI’ = [wlls w;i T wlns]T ’

_ A (27)
wL - XL ’j - 1 ’2 PRRRPY (7

Horr, w W SRR | N TSR AR S 1) V\]?E%??'JE’JW?AF&%
R T A AR R 43 B R WoE A AR R 2R B A5 S, I Gram-Schmidt 15 38 46 77 26 X6
RS A T A OGN B, AR R
{w; =w - E‘I w, (w,) w,, (28)
wi = wi/|lwi

ma (1) T HbreR Bl g, F g, BN

J(W) = 2 K(y,) | (29)

Y. =WZ= [yl L ZPPRTIN S (30)

J(W) = Z K(y) | (31)
j=1

Y. = WZ = [y .y, .yl o (32)

N TSEMRAR A W A AT O B 00T, LA FAR sRE R I D BE PR, 57 ¢ N T B e %
MR p,, HAEKH

(W) = (W)Y f(W,). (33)

Hop, fRARERNEE, HAW) = J(W,),

FEN T I B T B B, e A B BT 5 AR T e A TERE f A 55, P 4RI T R B BL sk ¢
(), ATRERR AN AN TR B YA N T By, A TRETE 22, Tou ™k it N T8 1) 4 Ry dse L 7 1)
Bl BVERER T30 m s AR R, FEORSGE EEARS MG g i35 T4k S e A 1)
BHIE]O EEXT QABCO SEIEAFAE AR — A, 70 Ji A e R PR B e B B3 5 | A i PR ) AR IR AF ¢, %o
R EIAT B ITY, HRkAN

1

¢, = we
€ = ne,
w = wmax - ( wmax - wmin ) tllel'/THer ’ (34)

N =0y + (0, -0,) 00T,

e = max(J',J") /max(J.,J\) .

Hi: o, n 4 5lFoRst Sl RS EEF WS HY, o W ER o, e[1,2], HTRwo,,[0,1];
I FREAE U, 1, RS T U T S A BIZR LS RIES i AT 80 4
B WA HAReREUE, RGN & SRR T 8, H k7 i e MIKERE, HHTATIEEW
T IO R R TR T PR3 1oy BE AR, e < 1, BOHHBUR PRI -, ABIIR 78N, ERE £ A6 (1 +1)
AT Al =t (19) doh

AG, (1 +1) =c,A0, (1) +c,(AD,,), (35)
FEN T Z R, AR — N TR 20 L, SOEAUS AR ERT, WIARIE (33) 784
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3 B AN A R — A AR R

ST RO TN TR P BSS AR LU T 9 A8,

B ORER (5) R (8) XIS X(0) SSBIHATRIEM AL, JAFHEN 0,
TR 1 BRI Z(1)

S WAL IQABCO Wk E S AL, A THMOR M, 157 ) S5 0015 B4 BEARIR, YRl
B el BB, FISHTHETFH L TR o, M o, Z50%P,, SRR, =0, ATEMEE
EHREBCL =0, BRIEREL T, B EREHAERAREL Lo

HEE3 FRE BSS MR = (25) . & (14) X (15) BERI GRS B, OF
Hal (16) Mzt (17) BEATHRZS RS, Wl (28) HEATZARKALIR, FRAHIIMR Bt .

$B®a ik (10) ARG, WX (29) R (31) Fow, FELLHBRREEADN AT
SERLFEM, A BAST R EEICN £, ST N TR P 0GR, B 5T BRI W,

HBS5 A (employer bee, EB) BBt Mz (33) W@ BEi RN E, #idxl (35), &
(20) AIsk (22) WHRFOMRE, EHR (16) MR (17) S#TMERER, REHRA (28)
HEAT AR AL L, ARAESY (1) VRS R BB 5 4 A0S LR A, 5T M 0 O 3
BE(H, (REIBTRLEI S £ BB, BRT Sy, W £, B P, S SR G0 B AR HRUORC L =05 75
W FRZpi s, L=L+1,

H®W6 MK (onlooker bee, OB) BTBr. SR IHE AL 1 e 4 2 BRBAAO B 01, ARAEL (35)
S (20), 3% (22) ML (23) HEATERBEE G E TR, BRI (16). X (17). X (28) ML
(11) HEIEREE OB,

SBT L OB SHARX R MY EB AU K/, 75 OB, > EB,, T T B e {6 {7 8 R HG3 1o o {1, O
5 [ B, BRT fr, WHRT S, S Py, IERL =0, BWL =L+1,

SRS WFEE (scouter bee, SB) BYB. # L > L, , WHGFELE, JHEd (35) &P,
SRR R MG B, IR B, B (16) MK (17) BEATARZS AR,
R (28) MR (11) FFEEREMEIS £, W8, BRT f., WEHLEP,,, EEL =0,

S| EHERUEL 1, = 1, + 10 B 1, > 1, REW RIS ETER, W IR, e
SRR P, BUOWIRARSY B W, AR (3) HRPLRINBES v (1), BWEELES,

i o

SIRi =10 lgHsin/Hsi —yin,i =1,2,---,n, (36)

SNR = ism,,/n (37)
Hrid oy AR . SIRFISNR K, 73 B{E S y, SIE T s 8GR, 7 B8O,

3 SLBFEZERS5SH ®1 MUEENEHSH
N ’~T . . Tab.1 Control parameters for optimization algorithm
ARICH) SR H B — L, kA By

% Intel(R) Core (TM) i9-9980XE CPU@ 3. 00 GHz; “5:8%& - jﬁﬁ
INFER T 64 GB; 55K Windows10, 64 fif; {fE ABC 0205
5%k Matlab2018b oS0 = o2

0 HOR IR A 5 5 R R e 43 A 2 S e
WCBAH R R BORE T, R N TR RE M = 50 , I oABCO b= [0,
KIERREL T, = 300 , TRIEEL e, MR L p 24 oS
SRS RIRERNLEL, B P =0.05, HALEERISEL I0ABCO P, =0.05
M1 PR, true value FRnIERAE S5 IEELXHEZ I, L= Mxrand([0,0.6])
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.71 -
I3 BISRFH PSO,. ABCO, QPSO., QABCO HI IQABCO 5 R4y % IR M 5 0 0 A A5 5 (K(s,) <
0) HATHE, PN ESWE L (a) FR, s (1) s, (1) BRELH
s,(t) = sin(T, x500¢ + 50cos( T, x 60z))
s,(1) = sin(T, x 4501 x sin(T, x 401) ), (38)
T, =2.5x%x10",
s3(t) J& rand BRECTE [ - 1,17 P AERIRMIE S0 EPLE S . @ (1) HEMEEEFES
mE 1 (b) FiaR, KRS A N

0.1730  0.717 7 —0.3001} (39)
0.4578 -0.3552 -0.2632

M (36) ML (37) B 5 MEE S B 45 R Y IT M 48 bR SIR, Al SNR 41 2 fros, Hrp

IQABCO FyEM B4R 1 (¢) Fiw, 5 PRk a st St thE an i 2 firs

[—0.8840 0.636 6 -0.5159
A =

1.0

1 4()[) 1 600

QM’anﬂ“f\HM‘H Ty F 2
3 w”mu”m‘ ) 'Mm It ,\,‘(l \m,\“, M/ il f, 2,
:Zfl’jr\! s’“} Jlu ’ ” “H\‘ )\“ \f s”“"’ ”J H\H )
=T 1
= ost || H f ‘ ~
:% 0“‘}‘\1”\"., \‘m\“f‘ )"(H\“/‘ j\]\“\‘ww\f\"/\f\v Al “ ”‘ ‘ Fo
'N-o.s—N \J’ | \U“ \‘\ v |V \" J \ /M .‘

l 8()() 2 000

x3(t)

1600 1 800 2 00
= 05
[
0.5
O

DOO 1 200 1400

1600 1800 2000 1600 1800 200!
- e
FAE R RAE R
N == M= 2
a) TfE s b) REFS
L&
—_
=
=
-1 1 1 1 1 1 1 1 1 1
0 200 400 600 800 1 000 1200 1 400 1 600 1 800 2 000
15
U 1
—
=
= oo
=
-1 I i L I
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y3(t)

R o
) TEEY
E1 IQABCO A BILEHES
Fig.1

Separate sub-Gaussian signals of IQABCO
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K2 SsHEZSBISHESHNER 345 -
Tab.2 The results of five algorithms for
separating sub-Gaussian signals 340 g1 o
E E 3.430
Bk SIN, SIN, SIN, SNR 5 335 f%f
@ Jg 3.429
PSO 46.846 2 26.2999 53.2422 42.1294 = 330 szl — =) i:go
m >
ABCO  17.3365 36.9141 23.3873 25.8793 3.25 Sk ~ — —aReco
IQABCO
QPSO  13.5922 45.2019 36.898 1 31.897 4 3.20 P i
o 50 100 150 200 250 300
QABCO 35.2427 44.0382 39.4398 39.573 6 AR YO8
B2 AEEUEESBILEHES MBS %
IQABCO 48.3420 37.8203 48.9805 45.0476 Fig.2 Convergence curves for separating sub-Gaussian
P Fe A FoR LS, T 1Al signals using different optimization algorithms
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Tab.3 The results of 5 algorithms for
separating super-Gaussian signals
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Fig. Convergence curves of different optimization
algorithms for separating sub-Gaussian and
super-Gaussian mixed signals
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