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BER performance of MIMO-DCSK communication systems
under Rayleigh fading channels
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Abstract: The transmission Bit Error Rate(BER) of Multiple-Input-Multiple-Output Differential Chaos
Shift Keying(MIMO-DCSK) communication systems under Rayleigh fading channels are analyzed. Gaussian
Approximation(GA) method based on the Central Limit Theory(CLT) is presented. The simulation results
show that the consistency between GA BER curves and actual simulated curves enhances with an
increasing spreading factor. Compared with DCSK, the BER performance of MIMO-DCSK is greatly
improved by the increasing number of transmitting and receiving antennas. And the increase of the number
of receiving antennas can get more gain than increasing transmitting antennas. With the increase of
transmitting antennas, the non-orthogonality of the signals among different antennas leads to a deviation
between GA BER curves and simulation curves, which will reduce after the spreading factor increasing.
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Fig.1 Block diagram of MIMO-DCSK communication systems
1 MIMO-DCSK i 5 gl
XFER i MR 1A R AR L M AL {5 B b AT DCSKAH, K & SHE S RIB—b)n, 5% n DREESERN
L)c[(k) k=2Bn-D)+128n-)+2,---,2n-1)B

N

Wd(n)xi(k—ﬂ) k=@2n-1)p+L@2n-1)p+2, 208

A dm)e{+1,-1; B4 DCSK M T,
1.2 MIMO &1
AR E B EY AR EEGE, HEEEENERLLRE SR ERES L, IEEP— 1G5

PR N R A5 5 M TR e T PRI ORI AL o RS AR S RS 5 j IR ORI, A 38 14 S 722 3 Bk o g
I3 g -

s,(n)= (2)

b (0)=|h,,@0)]"s(0) 3)
A | (O B0, () 5 30 3% A5 8 5895 R BRI f1 ;. 5() H Dirac s B3
W MIMO {51 7] 378 A N, x N, i) 5 4
hy())  ho() e by ()

hz,l(t) hz,z(t) hz,N, (1)

H(t) = 4

hNhl(t) hzv“z(t) hzv“N,(t)
TRV T AR A9 A AW R 2, RIE R R 80, I E S, HAREIESS, B



54 KFZMESEFEEFER 513 %

Bl () ()] | = o (25(0'=n) £, )85 = 1) (5~ 1) (5)
AP B[]S T[RRI U, () W R KRG S, MR E W MR T, R
TS S M RFLemta], BRI 4 FL AR (S B RFLEmT ] 7, = 28T, .

1.3 #Eium

BB A K i o W A ) 2D WA — AR 22 5 R IR R S e 2 R AR i )T, SRR OR
LALW R (RS A

r(n)= ZﬁN Zh s, (n)+ §( ZﬂN Z|h |eJH s(n)+§( )+J§jQ(n) (6)

AP BN, B IR R L &) (n) A0 E9 (n) 42 I FORAS AR TR 42 L 0 5 37 11 MR £ S TS Pk O,
METE Y O TS 8 By N, /2 B H . 7 5 07 40
EBEC AR B CR 2 4 IR CE] 9 15 20T DCSK AR Te 30, 75 505t

(2n-1)p

ym= 3 r®rk+pH] =

k=2p(n-1)+1

@n-)p

o D >+jff<k>}[d<n> e S s 1) )36 k)| -

d(n)

Z[ﬁ’NN Z| "| 5 (7)

oy zmv 0 Z| [ () {[d)E] (k) + &) (k+ B) Jcost), , +[ d(n)&2 (k) + £2 (k + B) Jsing, | +

k=2p(n-1)+1

ZﬂthNo ;|h,vj|x, (k)- j{[d(n)gj? (k)= &2(k+ ) Jcosd, , =[ d(m)&) (k) — &) (k+ B) Jsin ew.} +
(k)& (k+ B)+ &7 (K)ER (k+ B)+ [ &7 (k)& (k+ )= £, (K) &R (k + ) |

F5 S B T AR OG5 1 L HE AT S 25 A 08, I ARl o KT G O IS A5 B0 00 B A PR 5 R{Y (n)} 1Y 1 Bk i
KiEfES, W

d(n) = sign{‘)?[Y(n)]} = sign{‘){iy/(n)}} =

d(n)E
2/3N1\?0 le| ‘f| 5

N B Ny
sign ZZ 2ﬂibe Z|hiyj|xi(k){[d(n)§}(k)+§}(k+ﬂ)}cosﬁw.+[d(n)§j‘?(k)+§?(k+ﬂ)}sinc9w}+
& (k)& (k+ B)+ &7 (k)7 (k+ B)

(8)

~.

2 ETHhOBRREENSIHEMIREE SR

ST T B A, FI P i R{Y (n)} JE LS I 40 A, R PO b B T L SR B 8 AT (8L B
% 2% DCSK RS IR fE .
HEAE P B E FE, MIMO-DCSK 2 48 1 e 2% i t0 (5 e e oy
BRI S 7.
Var[R{Y(n)}| |2NNS aE,/Ny (aE,/N,)
Aof B[ WA T Varl ) W8T a=3 Y[

j=1i=1

(9)

o



KENE :MIMO-DCSK BIE 2L E WA T ZEE THIRIG R ST 55

5513

FERRI I T, (305006 R A, SRR TR 0 B 0. 725 o 9 S ST REALAS Bk A [, | HMA S
S8, [, [N EEE R 2 80 72 50 L @ SO HE ) 2NN, 1Y 72 A0, AR N

ft

1 N

1) P — T N (10)
()(%WWWMM)
W MIMO-DCSK & 4t ¢ Jii Fll 3£ 7% F 9 F- 5 1R i 3R
wl 1 4N, ANZN.B 1
BER =| Zerfc + ! L oV lg 20 da 11
MM”“”MW“Lz 7 LmMﬂ aEMNo(aEMNOJ @a) "T(N,N,) D

Frik#h, 24 N, =10F, AT LI73%] SIMO(Single-Input and Multiple-Output)-DCSK 2 ¢ 76 B F| 2 75 F A4 F 24 1% 15
S8

1

1 1 4 4Nﬂ 2 1 N, -1 _Lz
BE L= — _ r v 20° 12
s T b oy ey o G

M N, =18}, FLIAS 5] MISO-DCSK % 4t 76 5ii Al 5 75 T 1T B R % 5% )
1

4N ANZB |2 1 R
BER L L Nitg 20 13
MISO-DCSK-Rayleigh — j erfc |:Nﬂ @ E, /N, +(aEb/NO)2:| (ZUZ)N'N'F(N[)Q e a (13)

3 HESH

AR MATLAB BEATF B, D EMESBAUNT . a) RS RFE#E RN DCSK {5 SEMERM YT, ; b) 15

WA T, AT —AL . B Fy T, =105 ¢) fE— D WARFRSEI I, BDAE 7, = 257, 14 B {3508 5676
FRARF AR o) MAR R AT e, 1 E|[h, [ |-207 -1

Bl 2~Fl 4 BRI RETE N, N,, BB [FHE B 9 07 B35 2 K B iR % R i k. B 3 LLEH, N, =4
A, MIMO-DCSK {1 i 3T L 15 it 35 (il £& 5 01 L i 2 76 M W e A R e 22 i K, LR DR 2 YR M5 5 A0 A L IE &2
MAESE RS, &% R L , FIERH FEIIS IR R S Ehg B2, HEEEY W N T B
(R, BSIRMRhL S EM LB T —5.

i g5 1Rk, ﬁ%D%Kﬁ?,%EN‘N%ﬁm MIMO-DCSK 1 iR i M R A AR K IWHE T o T & 25 v
IUAT ik A3 JE 3 25, 1T 32 RO A7 A0 FE 0S4 38 35 RN A DR 3 25, DAL I 384 o 422 A0 R 4 A B0 T LA L 86 in % 3% R £k G L
AR Eﬁ%m@ofﬁﬁﬁ¥ﬂﬁﬁﬁ,m%ﬁ“m@%%%%%ﬁﬁﬁm@%%%%ﬁ ;o

10° ‘ ‘ ‘ : 10°
4 wjig:ﬁ:ﬁ;ﬁ\’i;‘ja -y
101} 107 ﬁ*\ﬁ\y
.,
102} 102} AN
< o T
10%} 10°} *\;
10%F © N, =2,simulation 104 = N=2simulation
N=2,GA N=2,GA
+  N,=4simulation * N=4,simulation
N=4,GA ——N=4,GA
10-5 I L L — 10-5 I L L L
0 5 10 15 20 25 0 5 10 15 20 25
(E/No)ldB (Eo/No)ldB
() p=8 (b) p=64

Fig.2 BER performance of SIMO-DCSK communication systems under Rayleigh fading channels
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Fig.3 BER performance of MISO-DCSK communication systems under Rayleigh fading channels
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Fig.4 BER performance of MIMO-DCSK communication systems under Rayleigh fading channels
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