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Cognitive decision engine based on binary chaotic particle swarm optimization

YU Yang, TAN Xuezhi, YIN Cong, ZHANG Chuang, MA Lin
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Abstract; To solve the problem of transmitter parameter optimization in different communication modes for
cognitive radio (CR) systems, a cognitive decision engine based on binary chaotic particle swarm optimization
(BCPSO) is proposed. The BCPSO algorithm has both the fast convergence of particle swarm optimization and
global ergodic property of chaos. Therefore, the cognitive decision engine based on BCPSO can jump off the
local extreme points effectively, which can improve the precision and stability of parameter optimization. The
cognitive orthogonal frequency division multiplexing (OFDM) system is used for the performance analysis. And
the simulation results show that the proposed cognitive decision engine, which has higher fitness value and
stronger robustness for different communication modes, is better than the other existing engines. The proposed
engine achieves the objective of parameter optimization effectively.

Keywords: cognitive radio; cognitive decision engine; multi-objective optimization; binary chaotic particle

swarm optimization

R T et i A8 R R o4 R VR DN
TCZEH, ( cognitive radio, CR) 3 AR B iz qiij 4= 1172.
2 FEBFRE N F1 4 (FCC) BRIt CR & X
HFEET HEAEIR BT 58 B0 BEsh A A H % S L
SR TC L, A R ML 24 B 3

BB 2013-07-08.

E£WmA.: HEARFSEEZRESS5PERAMS RIKA %
B H (61071104) 3 B KR 5 K& 100 56t 2 154k
EH ARG AR (P EE )" (20112X03004 -
004).

EEEAN: T P1984—) B Wit+#F5etk,
WG (1957—) B, #0824 0.

BS1EE . H2AIA  tanxuezhi_hit@ 163.com.

PRI R AR RERFE R, anfer & B4 0
DA R SRS E LA A [) IR 55 5 2 ( quality of
service, QoS)ZE3R , SEINHIPLHR 51 1) T BAT 55
CR I8 i DR 5 | 55 i) i e DG A% i 54 i LA DG T
5B MRS DA S = R0 RT S (1) To 2 A% i

P SEAE AP S | BE R Bt ] A B T
R G AN HPOR B T B — 2
BIREME , 45 AP N T4 68 (artificial intelligence,
AD) BRBEG IABIHB . R A IR A7 15
RE AR 4F 19 Al 9 8 1k, 8t A% BV ( genetic
algorithm, GA) B\ 1P 3R 51 8 KR 0 AR
W2 5 (fuzzy logic, FL) PRI AT HEAT O8I 255 H



%3 T, 4.

T TR R TR SR R A RIS | 4 <9 -

W, g N BA SR B 2 i i o T 5
iz GA ARl A SCER[ 8 ] F th T —Fhe T gk
il K. F #f ( binary particle swarm optimization,
BPSO) Fk YA PR 5 5| B o o - B Bl ot
S SCHR[ 9 T $2 Y T — ik 1 gk o i R T
Bf ( binary quantum particle swarm optimization,
BQPSO) J05 BYTA IR SR 51 5 A X DA 1 B g M
WYy 5 ( single
equalization, SC-FDE) & 4t, SCHk[ 10 ] #2417 —
i T SC—FDE TAHITR S5 |4 1) 3 45 ) A
T2 7 T s B O TR 5 B AR SR Y T — b gk
IR 1R T B ( binary chaotic particle swarm
optimization, BCPSO) &% | I¥ iz B k5| AFA
FIE 22 40 43 42 F (orthogonal frequency division
multiplexing, OFDM) £ 4t BN P 51 . iy
TR TR R GUR sl 1, 25T BCPSO Byl
RGP T SR BRI &R,
1 mFHH®
L1 RFEEE

L FBf (particle swarm optimization, PSO) &
TR 1995 AR R s B S
e L RS TR A, B RTE TE MR
HtAL A5 54 3 AR S SUAS B 1) 0
F.PSO Bk A A D 448 R = [ by
— AN PR FRURD 5 & 86T (particle ) iR T H
A A5 Mk 25 S R ). 8 i B R B
SRR B B AT, R 2R R R
23 6] o 3 42 R B DAL

RBEIERNE AT TR, 55 i DR D 4k
23 (] A5 ke YR A TR B RN B4 0 R m o ! =
Lol sy, ooe iy L AW = [l vy, oo ol BT R
JEAML S R AR

Lok k
v = wvi, +er(ply

carrier frequency  domain

_xfd> + Cﬂz(PZQ - xfd) , (1)
X =xl v (2)
w0 SRR, (RT3 AR B 1 E AL
N3 1| bl & K o S e a1 31 2 v e e i X
IS0 < ClyCy < 251,71, 2N F[0,1]1 2
[ ik 323 53 7315 B BRIV K1 0 AR5 d 4556 kIR
ARG & 1 i WAL B R pl, TR BN FRELE
5 d 5k ORISR & B AL E S pl,.
T iR B A ] R H ARG AR 9 R, PSO
Bk Bt B SU——BPSO Bk B de
R R R S R AR s (1) B,
EIA B i TR B R 0 B 1, AR Y BB A
AL T 3%

L, €<SOh);
= L (3)
0, &=S(vy).
A € =2 T0,1] Z R MEIE) 5304 i BEAL
B, S(viy') i S U R B S B 0 8501
Y Sigmoid PRZEL

SV =1/(1 + exp(=vi)) . (4)

1.2 ZT#HEIREN FEEE

AR SR H ) R ORI T
TR R G EA M4 R PR U0, R v
TRAL T 2 R BCPSO B RAMIRIER S
bl Logistic T,

2, =pz,(1 =-2),1=0,1,2,---,m (5)
L BEHSE,m HIRMEERKRELZ =
(29,272, ] NIRHFIIR G AER S w =
4, HWIME 2z, e [0,1], W FRGE5¢ 44 THRMVIRE,
HEFRIRMAZ S T[0,1] Z[HE.

k+1
id

il 2
2 - \/_/%

1 1 0 1 0 1 1 1 1

B1 FiMFrTiH o
£ BCPSO Bk, B M4k B E R 55 T 7] I
TR B ABRRAFTE 3 A TR SR AR &, 0
LA PR =4 R R B 3 UK AR
;1 5%y ANy ALATIAL, H ik gt an il 1 .
A E AR AR 1 28 TR g A R K AT R
Lyl Ly B RS HERE D Ry

D=1, (6)
BCPSO FEAEIRIEAL AL, 75 #E47 40T iy ik
SR A S b B
772 = (xzq —a,)/(b,-a,), 1 <sqgs<E (7)
Xy, =a, +n(b, —a,), 1 <qg<E,1<t<m.
(8)
el ot kAR AR B pl, 3 g otk
RS RIS b, A0, SY IS ¢ A deis it
BRI M !, T2 1 YRR 4 g
AR B (0 SR A TR S U A e S 3
A (S) X0, 1] W, FR (7). RZ,
TRIEEALE AT, 7 H20(8) F r i iR i A8 iy
B0 390 SRS [0 i i 2 (1),
BCPSO S BRI AR AT
1) VISR SEO AR, W1 06 ki) S50t
FEE R EAREL K PR w 22T R ¢, Fll e,
WIAACFPEERDBESL™ A= 1 AR 1) D HE0L B WK

ix? = [x?l,x?z"",x?n} ) K V? =



- 10 - MR

bt

T

N

L
&3

EN i 55 46 5

n2
F

[o) 00,00 ] APERIR X! R ITTRBE0
LK i L E p) = [ ),y py ] N
x; =g o, 2 .

2) WAL E LA X0 = [0, a0, a0 ] PEAT
TR AR E] E AR AR A SR . TR
FRE IR O B AR, DR A7 fe R 938 . BE A FBest , 31
Hoxd pr g &k 2R E & p) =
[poysDus s 5Py |- T HE AR~ S 14 335 37 8
WRRLF D3 L EAAE FLbest, FFURAE.

3) ARAER(L) FI(2) Z3 Rk Y B A
AT BB 0 SRR B AT R A5
B £ AR AR S (%) B TH AR Y 3 N
W KL i WS N B R T FLbest,, W
HE IR T i 1 B BT i pl =
[phph o phy 1, [ BT FLbest, ; QSR s A
14)38 0 3 Bt KABAR T FBest , WI3% 55t F A I %of o (1)
BB AR AL E pl = [ph,ph,oplhy ], TF]
B} B BT 4 SRy B A B F Best.

4) R AL, B ek 2 RREAE pl =
[t oph e uply ] HEAT HE R RS A5 5 E Atk 5
AR RSB R B x = [l oy o xR A AR
P (7) H xf, BSTRI[ 0, 1] VRIESS ) A5 BITR T
PUHRE H® = [ 0], 03,0} ].

5) MR AR HE(5) SATIR ML, 153
BIMARTFIH (1 <t <m) RERIER(8) ¥
H(1 <t <m) BB E EADRFED R
SHUER X, = [, ,xl,,a ). TP X, =
[y, ahy ,ee oty | SN FEAE, [N HC R AT — 4]
Gihh, 158 M ERSEBG m ASKRE pY =
(Mo pteee p T 2 m AR 36 137 JEE SR R B AR
T FBest, Wo¥t 42 Ry e AL & pl = [phy,phases
Pl | SBT3 IV 8 e KAH (4 25 4, F Best
SEHI R 128 N SRR AEL FH pl BEAILIRU X4 i A
R —ANKE T @ BALE

6) FIWr & A B R ERREL K. A AR IBE
KSR IETH0AT 3) s #7385 K, 45 K.

FIRBEREES R 1) ~3) 55 PSO &
PAHRLAHE S A 4) ~5) ,BCPSO BiE5IAT
TR R 2 R T R PSO Bk Bk B Jm)
T AE B RE T, AR = T AR

2 HF BCPSO #y A & 5k 8| 4

INRIDR SR 5 B AT B SR A 52 ol LA 8 A -
FHE e AL Sk & SR B v 8 & S LS 4K, L
IR FIEFPE RE L5 19 doe JRAE 92 . B2 AR 5 o

<

~=

b2 HbsUAeE.

RBCAFITCL B A E DR & r =
r(i=1,2,3,,E) M DHRERES = [f,.12,
Sy JARREAR R R IR Ui 22 3 r ek B AL Ak 7l
AR AT AR AL i gE — M 2k e 3, HLad g s i Ay
HARRAE nTHE 2 H AR O0 A 1] B 4 o B0 AR 7]
ey

argmax | f(r) | = argmax{ wal(r)} . (9)

i=1

Ko, (1<i<A) HHTF0,1] ZEARER
B, HAT0 AR IR OCAR

i w, =1.

PR o, BT AR QoS MR 55 %45 H
o bR ) Ml R R . A0 2 ik T LR A
I T e/ ME TR A R B o, LD T 1 BN e
R BRI AR Z2 BRI A R T S R AeAy
e AU RN o, W2 N R AT A, AN
FHOE TINRIBSE S | SR P AL T7 180, R, A
Z G T AR AU RT Lo ) B A o R H50m A
B 38 i A R A AR B B, T LA A
TEAN LB AR B AR RS 5 2 PR RE.

M 2 ] T e AL 5 1 50 B A9 BCPSO
Bk, ARG 3 (9) R B 5 D3k B B L B X
WL A SIS B 5 AT PR 2 A S LS S &
PR E A% i 75 28 A DR SR 5 | BE D3 e L A%
0758 IERE%TT S AL 1 N AR SRR A SR
Jiti.

3 RERE N

ARSI 25 R 23 TIA R OFDM R4
R AT ER G B SEN SR 1 iRz &
SR TPRIEIH 64 A, i ZniS 5t 6 1L
SPLHA; A 72 4 Bl 2 A AR AR X R —
AFRRIH 8 HLRRdL AR, 32 S F I T4 256
A HORE BIRLT-4E B2 D = 256.
*1 AX OFDM E%S#

(10)

KR KT
BRCTRIGN R JEHl/dbm  EIBE/dbm
BPSK QPSK
BuA 0~25.2 0.4

16QAM 64QAM

BASF WA 2 ADPes AR & P8 7 X
FOXFE 32 AT 64 MR R, /)
E = 64. 55 Mg 7 Ry ik v 307 A e e M 7R oy R
-60 dbm , HEALIIFECO BB LT E RS H bRk
B0 o Fe /AR S 3 /MBS 2 (it



%3 T, 4.

T TR R TR SR R A RIS | 4 - 11 -

error rate, BER) A& KAL & &. %% H s R EUA
— AR
p

f;ninfp uuuuu :1 _aa (11>
log,,(0.5)
f‘min*BER = 1 - 17, ’ (12)
log,(p.)
1 N
NZ logz(M),) - log,(M,;,)
y=1
= . (13
oo = g () togs ()

K PN L AR A 805 R F YR IBME; P,
KRB SR, HAH N 25.2 dbm;p, K ATA 3K
W34 BER, M, M 3 i R ek e/
A, BUE S 30 64 F1 25 M, A5 v A T8 st
I VRIS s NV SR 2B, LU Oy 32, 3153 4%
1> BERp, B, 75 AL 25 Fhi il 77 =L BERp,
OIS

Q( if{]BPSK%HQPSK;

0

b= io[ /;’ij 6QAM;  (14)

7
—Q % 64QAM.
12 7N,

)
H

Q(x)=£ ;‘Texp(—ij dd. (15)

K (11) ~ (13) RoR W H bR R BUR 5 0 10
T E AR R

f=of min—power T ) frin-pir + @3/, max —throughput*

(16)
% B k3 1y B PR, FER BT R Ge %t & S
F R RMAFL R WLE AT K HUIEM K55
BARALEC B AR,

RN OFDM ZR 4 TAELELLT 3 Fpi=t
RIhFERE R | B i s 2 A 20 3 ol i
M AL TR R AN SR 2 TR RS 2 IR AE
BN, RGN R ST Bk i m, ik, Rk
IR T FBRRREL S, poner AR R 0, BB
IR, R 0.8 R B % 2R XN 2 A4S 2K 43 i)
X I WA 2 1) - H AR RELS e AR R 0,
R B R B BB, g AT 2R
oo, MK

SR Y BCPSO A i BAR S 5n 3 3
Jiis. R 1 iE A7 M e X b, SOt X 43 i 3 T
GA"™ BPSO & 1™ #l BQPSO 211 [kl 15|

BT T E. T GA SRR S kB, 558
N, A2 SUHER N 0.6, 48 SEHEF A 0. 001. 1fif BPSO
A BQPSO LSS £ 3 iR 7 31
—5.

®2 IMEBEFRANNERY

W AER o w, w3
FRIFEAR 0. 80 0.15 0.05

B 0.05 0. 80 0.15
EZUINIE:N 0. 05 0.15 0. 80

3 kLT 4ERE D WA S TR R B R
BUEAECE G, M w, A% F o, 1S
222 KT e, MIEERUA A PSO Bk i 2 SLEUE TR
TG S5 w BUEA 4 7T DRIERE R 450 4k
TARMUIRZS AN 1 e KRB B K TR
B RIEAREL m HHUH 5 BAR R G EORA 4
RGEXT LI PEEE R AR &, ) 3R 3 AN S8 B
IMB ]2, 24 RGeS AN BURR T IE N
PEREZER B i, ] F 3R 2 40AT U KAE LA PR AIE
PERBZER. 5 FL 2R G0 1 52 s P R0 M B 2R AT
P, ITTAA 5 6 3 AR /IN T R R AR B K
FRIE S S AEACUREL m 09 A0 0 MR 7328 B
KAV, =4 WUTEERAE. 735, B ERIRE K
F14) 35 JBC R 538 A 1) XU R B S s i . B RS
THAT RS, AR BB B E AT A
ML R G X — S HAEE ] CR HHRE
TESARZS I, DA H 22 G0 3 5 T8 A 00 5 | 28 31
VA T P A T I ) SRS AR R IR
BEAG A INHIPETR 5 | B NI D3R 5 R 4 1k A5
() (5 3B AH B[R] AT CR IR R B AR 1 — U AR 1
I ARANY , FH8 A R B R A K B B 1
fEIEINF 51 R CR AR PR T S a5l
W, AH DG AR PN 25 ] 2 0L SCHR [ 16 ]

%3 BCPSO E%:5H
BH 1 D w ¢

BUE 300 224 1 2 2 4

] W nax K moom

1000 4 20

4G TAE 3 A AT, T
BCPSO [ INHI B3 51 B AL AL IR 17 35 % S LS
sk 4 P  AEARIIFER T NP R 5 | 5
A 5 Dol N V-4 2 S DR ) 07 UL BRAIE ] P DG i
P AR AL R SR, 0 T ARIER G0 ] SR 1
ki, 75 16 R 4072 BER ik E /N M, A0k
R R T e e A S Dy SR AR AR R 1 i i 0 2K
IMEASEBLAE Z BHABETR , ol RG24 ik
ISR R TIPSR 5 | B 8- 22 i il B 08 3] de



c12- MR

=S N AN S

5 46 4

i B A Ui B e B AR G RV TR Y 8
SCH AR R A IR SR S | B mT LT 36 AN TR] B9 7 1) a2
FrAAL , DAPRUEAS [ 38 £ B U ] QoS i 55 9 5K
PR,

F4 3IMBEEEKXTH BCPSO MEHEHNSH

i fF R TR Z/dbm TR EIEL
ARDIAER 0.662 5 1.718 8

g 18.52'5 2.218 8
LR R 19.437 5 6.000 0

B 2~4 53525 TARDIFERL A B ami A

LA R 4 PR A2 T — b 1 B
REM 2. 7 Lk 3 FoEFEAR AT, R A ks
1 000 YIEAR S Y ~F-25738 I AR an 3k 5 s A [
RS RE AN R 6 PR,

0 20 40 60 800 1000
SES AW
B2 {RIpFERA THERExT L

x5 IMEFRATHFHENEE

WfEE  BCPSO BPSO GA BQPSO
RTFERL  0.907 0. 896 0. 883 0. 641

BB 0.773 0. 746 0.763 0.738
ZIAEE 0.942 0.938 0.937 0. 806

wE 2 fgk 5 Pos ARIFERCT ARG
FEJ7 18, B2 BCPSO Sk i, LA M RIKCH BPSO
Bk GA F BQPSO %1 BCPSO i 1 F- 13
N BEAE R 0. 907 , ik LAY BPSO 5342 0. 011,40
Kl 2 FIE 6 s, RS 77 1T, BQPSO B3k 7F
155 YRaAR A RIS, (H T Hod iy B (A 2%, 7T
DIEH BQPSO Hi kB T “ R MR BT
BQPSO 7k, X 4 H A9 BCPSO 812 A I S
FE A e GA il BPSO B s b

mE 3 mE s iR, BaTF, =il
BCPSO Fk MG B 5 1At 2 L 34 B2 ik
(- 25938 o7 BE A S 0. 773, s A i) GA 0. 01.
Wil 3 fEk 6 Fos bR < B2 B BQPSO kS,

BPSO Bk I St s, Hk BCPSO H ik, i 22 1)
J& GA.BCPSO B3 B2 1 i 1 00 45 2 LA 4k 35
USSR RE AR AN 1.

#6 3 FESER TR

WS BCPSO BPSO GA BQPSO
R e 683 919 960 155
B A 749 632 1 000 29
EZLEIN Y 442 240 385 107
0797
a 077]
i

A — AL 435
(=]
2

¢
2
(98]

I —— BCPSO

0 200 400 600 800 1000
SES AW
3 AR TIEREXTEL

P S VS D S D S S S S R S

—— BCPSO
BPSO
D065k — —-BQPSO
i —T GA
0.60 f
0.55 1 1 1 1 1 il 1 1 |
200 400 600 800 1000

AL
4 ZHERTERERTEE

WME 4 M3k S PR, EZEEET ARk
KS B 5 I, $2 Y BCPSO B3k e i, LA FAK IR A
BPSO 54k (GA I BQPSO 5% AHH} 3 # ¥ 14
AR R R 4 R 6 s, A EIE
“HLZ Y BQPSO Hvk, e 9 BCPSO Bk
WSPEREAS N GA il BPSO B3
LA LR 7 3 PR IEJLHFWT HAR
SCHE Y BCPSO B IS BE A B4y,
faﬁu#ﬁ%%ﬁﬁﬂ&@zﬁﬁﬁﬁﬁ,%ﬁw{éﬂ%ﬁﬂ’a
PErm.ILAh, 3 FiE (E AT IR PR B 1 ik
TR R, WAREE T3 [ B 1 bk
ﬁ%%xqﬂﬁetﬂéﬁ BCPSO Bk F 5 Fiz 5k i



53

Tk, 48T R R TR R A A S | 4 13

INHIPRSE 5| B REAZ PR IEIN AT OFDM R ZEAE AN [F]
8 i AT e A%k P M A

4 4 iE

“a

ARSCE SR T — AR R RR UL AL B
i BCPSO vk 7E L SE Al 1, #8248 17 36T BCPSO
AN IR 5 | 5 3% 5 IR TIRTEENIS 2 R
i vk (A 22 H AR Ak 8 B I T R
HAAFI I A3 T AARPERE. B2 T
OFDM Z 4 1) {5 HL45 5 AT LUt AR SO 1A
RIS 5 R BE 1 Ao Xt & LS B T fe e
YA A R (A LB XA [ 3 17 A5
HAE Al S G 3 6 AR SCH Y BT i e 3R |
HERUE T N R G R S HLSECE AL

=
K.

5% ik

[1] MITOLA J, MAGUIRE G. Cognitive radio; making
software radios more personal [ J ]. IEEE Personal
Communications Magazine, 1999, 6(4) . 13-18.

[2] MITOLA J. Cognitive radio for flexible mobile
multimedia communications [ C]//Proceedings of IEEE

Workshop on Mobile  Multimedia

Communications’ 99. San Diego: IEEE, 1999. 3-10.

International

[3] RIESER C J. Biologically inspired cognitive radio engine
model utilizing distributed genetic algorithm for secure
and robust wireless communications and networking
[D]. Blacksburg: Virginia Polytechnic Institute and
State University, 2004 . 35-57.

[4] RIESER C J, RONDEAU T W, BOSTIAN C W, et al.
Cognitive radio testbed: further details and testing of
distributed genetic algorithm based cognitive engine for
programmable radios [ C ]//Proceedings of IEEE
Military Communication Conference. Monterey: 1EEE,
2004 1437-1443.

[5] AYMAN A E, MAHAMOD I, MOHD A M A, et al.
Development of a cognitive radio decision engine using
multi-objective  hybrid  genetic  algorithm [ C ]//
Proceedings of the 2009 IEEE 9th Malaysia
International Conference on Communications. Kuala

Lumpur: IEEE, 2009 343-347.

[6] WU Di, WANG Feng, YANG Shengyao. Cognitive radio
decision engine based on priori knowledge [ C ]//
Proceedings of the 3rd International Symposium on
Parallel Architecture, Algorithm and Programming.
Dalian; Conference Publishing Services (CPS), 2010;
255-259.

[ 7] KHEDR M, SHATILA H. A cognitive radio approach for
WiMAX systems [ C ]//Proceedings of the 7th IEEE/
ACS International Conference on Computer Systems and
Applications. Rabat: IEEE, 2009, 550-554.

[8] BN, fRitt T FRALRE , %5, Je T aEdRL T IRk
RUINEIC L BRI B (0] W B4R, 2009, 58
(7). 5118-5125.

(9] sk#, BIE, monse, 55 T it hlE PR A
AARICE B SR S| BE [T ] AR IR 2R, 2011,
32(2): 451-456.

[10]YU Yang, TAN Xuezhi, CHI Yonggang, et al. A joint
rate  control and AMC algorithm for adaptive
transmission systems[ J ]. Journal of Harbin Institute of
Technology (New Series) , 2013, 20(2) ; 12-16.

[ 11 ] EBERHART R, KENNEDY J. A new optimizer using
particle swarm theory [ C ]//Proceedings of the 6th
IEEE International Symposium on Micro Machine and
Human Science. Piscataway: IEEE, 1995, 39-43.

[ 12]KENNEDY J, EBERHART R. Particle swarm optimization
[ C]//Proceedings of IEEE International Conference on
Neural Networks. Perth: IEEE, 1995, 1942-1948.

[ 13]KENNEDY J, EBERHART R. A discrete bhinary version
of the particle swarm algorithm [ C]//Proceedings of
IEEE International Conference on Computational
Cybernetics and Simulation. Orlando; IEEE, 1997,
4104-4108.

[14] 8440, 2 Hbrib A I [ M. Jeat. B2
At , 2007 2-10.

[ 15]GOLDSMITH A. Wireless Communications[ M ]. Cambridge ;
Cambridge University Press,2005. 130-131.

[16] T 2R, B TF 8 20 2 A 3 N8 1 2 % (4 I
LIRS [)]. BT 5 1E Bk, 2014,36
(2): 371-376.

(Wi WHZ)



