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Multi-user chaotic communication and its bit error rate-based on orthogonal chaos
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Abstract: In the multi-user chaotic communication€system, theéNincrease in the number of communication users as well as
the quasi-orthogonality between chaotic sequences gaus€fchannelinierference. Therefore, the Bit Error Rate ( BER) of multi-
user chaotic communication system, in which diftézerd chaefichsignals used Schmidt orthogonalization method to produce the
corresponding orthogonal chaotic sequences as spreading(ode, was studied in Additive White Gaussian Noise ( AWGN) and
Rayleigh fading channel. Firstly, the statistical aytocgrrelation and cross-correlation characteristics of each orthogonal chaotic
sequence were taken as an important index to measure the performance of orthogonal chaotic spreading code sequence, and the
statistical correlated characteristics of each orthogonal chaotic sequence and both the mean and variance of the cross-correlation
curve were tested and analyzed. Secondlyy, the BER of each orthogonal chaotic spreading code was obtained by two channel
simulation experiments, and the intringi¢ ¢orrelation found by contrasting the BER of orthogonal chaotic spreading code and its
corresponding statistical correlatgd\ Characteristics was revealed at that time. Lastly, the BERs of multi-user chaotic
communication system of two different channels were compared and analyzed and the effect on BER caused by different
channels was revealed. The simulation results show that the space-time orthogonal chaotic sequence of phase space chaotic
signals can obtain low BER in the two channels, and especially, space-time orthogonal chaotic sequence can obtain lower BER
in Rayleigh fading channel, and also show that the proposed method can effectively reduce the interference between the
channels in the multi-user communication and is more conducive to the needs of multi-user communication.
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2o ASCFEEAG Logistic BN K BU#E BT L B AE 2 (6]
BIEE S = IEATIRED SRS 24 5,
2.1 Logistic F H ¥k g
2.1.1 Logistic B4+

Logistic B 5 EL AR ¢ BT T4 14 , 72 1R M AR 25 15 1 AR
LB E ) IZ AL Logistic BT N ;

a,\ = pafN™-a,) (1)

RSB S HC 3. 569946+ < u < 4,4, € (0,
Wen = 12, I, Logistic BRI TRMRAR . X p = 4 I,
LogistioNB 5 Ay 8 5
222" % Logistic B4

Logistic R AX AT BN a,., = pa, — ua,, HRE
ua, = 1, A RGAER Logistic BiH "™ N

@ =1 - pa, (2)

LR ER SN 1.5437 sp < 2,0, € (- 1,1)
i, B4 B Logistic BRiHAE TIRMARE. Hu = 2 0, FF
Logistic BSR4t o
2.1.3 it Logistic B4t

¥ Logistic BLETHAT SR — WK 40 Btk , 4 2058 1 Rl
Logistic B . Hoaz XK 4
_ {4;1,(1"(0.5—(1"), 0<a, <0.5 (3)

4u(a, -0.5)(1 -a,),0.5<aq, <1

Hep  ZBUR RIS ECN 3.5699456- < u < 4,4, € (0,
D)oXiu = 41,55 1 Ml Logistic BRET AH4T o

55 1 FHE Logistic BRATRRER R T X ARARENTEC. 5 4L A
SRR, AR F I A BB AR 0.1 MO ETRE. T
JESCHRIRH T 45 2 M Logistic Mgt Ha" N

4ua,(0.5 - a,), 0<a, <0.5
G = { (4)
1 -4u(ae, -0.5)(1 -a,),0.5<aqa, <1

H b USRS HCR 3. 569946 <p <4,q, € (0,1),
X = 40,5 2 FPEGH Logistic By Rt .
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L NRG
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ER BB ST
APAS EMFERH M AN RENF 1Y, H AT LUK L
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2.2.1 RS
RN E ST, A3 LI R Henon
FEPEVEERE , st h 5 ok
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y(n +1) = bz (n)
z2(n+1) =c-d|z(n) ]| (6)
{hxl(n +1), z(n+l1) =0
—hx,(n+1),z2(n+1) <0
Jobix(n) < R BREE R 0.bc.d b RRESH, AHTE
Hotiabcdh EEENEERARMAER, Wi = 1.4,6 =
0.3,c=0.5,d =1.999,h =0.36,5h = 1,x(n) FEIRPEATE
R x(n) e [-0.5,0.5],
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HERYAERMES T, B AR N BB ik P
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R HE AR
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31 i 9l e 3ot 3

x(n+1)
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u(n+1) =c—-dluln) | (7

w(nt1) = {hxl(n+1), uln + NP0
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Ho:x(n) e RERETE 0 by @YW RRESHE, ANIE
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WP ST— P EE R EEARETS . Hil, A
SCHIESSR IS B 2R b, B A Sk il 2 BT 7= AR B
LAWK A AR S i 2R 2 BB RS B o
4.2 HEMHE

BERIE P, SE AT 22 R ROR IR FYLAE B0 i b
PRI R AR o

WENFEAPE, RN R AN TREZ—, B
SO T REALAR B BA IR R/ o T 7 22 WL FH R B 2 AL 2R
B B AR, T 22K, R W R A,
FABEALAR f A BB AR 0 B R 2, D 2D, 3 P A o 7 JEE
/N BB FEALAE B B R E A

N T RIETRITF B9 FAR R MR — 2P R0 B HT,
A 3CTE (5 i Logistic B B HLRCk B Sy L K% A 2 ()R 3
RS B AL IESCIR M P 5 B AR S AR P, 3o FLA R AR G
PR i RS E B S (A 7 2 A T R, AR A R Ak 2
Fi o

®2 EXREFFIEMAXEHENHENTE

IEAGIR)F 3 BfE FE
Logistic 7] 4,3805x10* 7.4253 x10~*
IR T35 3.0407 x10~* 7.2554 x10*
%1 FEEEF 0.0019 8.6738 x10~*
%2 A TS 4.0506 x10 3 2.9018 x 10 ~*
KA IE3EFF5) 8.6504 x10~* 9.7425 x10~*
HYEIEZE TS 0.0015 4.8023 x10*
2 IERST R 0.0063 3.4256 x10~*

B3 2 AT LA, 1k 4% IR SR P 31 B AH Sl 2 i)
AR /NG HARL 7 2R/ NEEA b — 3 AR PR
RGP B FAR S 2P S BB I A/ T 7 22 0 2R 471
SR F ARG M R A 3 . S RHESCIR MRS G 7
ZHIXT IR/, T Logistic IEAZIRILRF 8 7 MR K, R M
2 R T SRR 31 M Kot L34 1L ) i 20 2 SRV 3l /b , B
xR AR, SR 1ML, FERREFIINTEZSHE
QEPSIE R AEIIN o S G PN S AN SR S 2
B, HLx R HY 5 22t/ , 1 BA TE SR 51 B AR S B h 2R
XS 77 22 M RER PSS (ETE R X T o VAR, 25 i
IESTIRI T A BAR S B 2R3 (B AN 7 22 P9 U4 AR
B, AR BRI PRI SEM T 258 1 LA
PRAER A F R —B,

S AR P REARERARSE

R AR E SRR S AT RS LA 4 A P IR MUE R
RGP IFAHE RIS R (BER) .

5.1 SRAPREERERFIRDR

RIS R IE R R R TR — BRI KA
SRR IR R R A RIS R IR AN

P, = FE/N, (11)
Hep F AR SRR, E R RS aeR Ny RS I RIEE
T SE PR 2 PRI BB 5 P, IR R BB AR A
WFHREAK:

P, = E/T, (12)
Hep 5 S5 P BRI A 0N B, BERGESH

HAFEON S, o

L AP RMEFERE T, B ARG R E S
5 PRI SRR R GRS RASRAB T B2, B a1
R HEREERN .

Po= (X EWD)/S
Ho S S {EUR I A LTS K L E() KRBT S BYIRHD
B BRSPS B O P, (), M A R
ARG TR RGBS

P.=(ZP.()/H
Hr H 3HREME S BURREFIMES L 2B IE b 55 2
R IESCIRIED y1,52, - yn KIEL WERAA P
5.2 REEMESHARSFETHIRBE

TE 00 % & Br 5 B2 7= ( Additive White Gaussian Noise,
AWGN) {5l F R B IAS , 2 1 IR R R REER
Z BRI P R S RIS FEL R £ randsre bR £LT
PR A B R RS, K05 R I STIR 5 51 %) B A5 AR
N BRAR R, 5 KD S 58 Bk b SO IR I AR R I R e
NFPHE S BBl 38 g 52 o v 4 A5 5 AR 45 TR Fe A
— S FRAWGN 2073 it Bk v B 0 e i %) BL AT 08 B0 4R
RERME Jb 3. (o S LB Y IR & T P MR IR R 1R B
I 1 FIRESR GE ARG R, 5L E,/N, = 0:2:
10, %] E,/N, BB E , BRER LT K& SEHN
nyapbol = 1000, fkmp S I8 Beas i S 40D TH AR SR IR I AR
e delay = 10, RIS RAEL Fs = 8, FRIXIEPARTRIER
T rolloff = 0.5, Fricit MR A RIZXIBYLAS N rrcfilter =
rcosine( 1, Fs, fir/sqrt’ ,rolloff,delay) ., 5 T HEAE & W HL U 3T
ANFNEAIR MR8 4585 B F F 2 F P IR i (s R 5 BTx
DL HITRFSER , A SURTE & 5 o R R RE AL 28 4% A P R 5 4R
B BMIT k= ZHFIIE R IG5  FER BYCRHR
BRNEARFE,

5.2.1 Logistic & 5 it 3% 4 £ 0] X 447

T2 R P A5, K Logistic MG M H#E MU BT 7 AE 1E
SRMFFIERY SRS TE AWCN {518 F LA T2 /8 P iR
BERGES, KRSV HIRGRE R UK 3w,

%3 Logistic FIEXFFIFE AWGN (S TR

RS Logistic J## IRIFA 451 MEcbFsl 5 2 fit s

(13)

(14)

1.0x10% 0.1442 0.1387 0.1565 0.1231
3.0x10% 0.1431 0.1392 0.1536 0.1228
5.0x10*> 0.1416 0.1376 0.1532 0.1234
7.0x10*> 0.1413 0.1382 0.1547 0.1256
9.0x10%2 0.1416 0.1402 0.1532 0.1221
1.0x10° 0.1421 0.1399 0.1556 0.1245
1.0x10* 0.1422 0.1411 0.1572 0.1217

ooliz 0.1423 0.1364 0.1548 0.1233

1% 3 AT, Logistic Sz Hsrik BT 36 2 Bt Logistic
RS 7 A IE IR /7 51 (49 8 AR S A0 AR S e M AR X B e
HHEIMEST7 22 s AR de/0s , Bt LU 1R 18 A4 3 (B AR X
B TS 1 st Logistic BRAT BT A2 IEATIR MR IR F
IR B ASCRF AR R 22, B -5 07 22 0 3 S PR A X
PR, BT LIRS SR EARR (IR 1.2)
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5.2.2 AR P F R R K 5 H
EZ R EEY G EREES A IEZRMF
FIVE MY SHRS7E AWCGN FE TN ATZ AP RHMBRERE

5.3.2 AR E A A K o
ELZHPEE KA BRI E S P4 E IR F
BIFE AP SRASTE Rayleigh FHEEE T AT RMEER

F, HR G IR RER A 4 P ARG KRG RIS REE RN 6 R,

F4 HTAELZREFIIEAWCN FETRGE ®6 HZEIERF I Rayleigh S TIRFG 2

P IEBE?E%:T%&U _ e : E&?E@Fﬂu -
154 GE ZEHY JliE [GE ZEMf
1.0 x10° 0.1346 0.1156 0.0872 1.0 x10? 0.1046 0.1072 0.0645
3.0 x10? 0.1332 0.1161 0.0838 3.0 x10? 0.1039 0.1078 0.0643
5.0 x10? 0.1337 0.1138 0.0845 5.0 x 10 0.1042 0.1082 0.0632
7.0 x10? 0.1328 0.1130 0.0829 7.0 x107 0.1059 0.1076 0.0651
9.0 x10? 0.1345 0.1145 0.0836 9.0 x10? 0.1047 0.1069 0.0639
1.0 x 10° 0.1357 0.1156 0.0842 1.0 x 10° 0.1031 0.1071 0.0633
1.0 x 104 0.1323 0.1135 0.0836 1.0 x10* 0.1029 0.1066 0.0647
B 0.1337 0.1146 0.0842 H{l 0.1042 0.1073 0.064 1

HI3R 4 TTH0, A< B IR TR 5 P W ESZRMEF SR A
AR E AR G B , B 7 22 R s AR R B/, BT AL
PRI ERIBEAE AT AL/ TR AL TE 32 VR 51 1 B A DGR A
w2z, B HE T 22 MR sh AR RO, B DUR B 2R B {EAE X
BR(£R1.2),

5.3 BRI Rayleigh REFETHIRBRE

7t Rayleigh RIEfEE N ERAGENRA S, HEZRATER
HEE RGN 57 AWON [ RS RT#
EAMEM, TEATER, RRWRMATZEEGFE,TIASR
EIERIESH, BTE R 3 s i 1 1155 75 2 85T Rayleigh 5%
VEARIE G A BRSO s B . O TE RO B TS
SR EHIME Rayleigh BRJFHIME 5, %[5 5 I AAWGN,
FHAT ARG E T, A5 A K b Y I8 i AR T IR O
R | d5 5 R P TE A2 VB T 2 7 A 23 45 4 I P45 L 3K
WY JFg AR, K R R EESED dR 25
iR ¢ S E ML R SRR TR, BT O R TR R E
K h = rayleigh(fd,t) .

5.3.1 Logistic & 3 & 3 3 25 0] 3K -4

TEZ P EE T 15 Logistic BUGNRHBUIE B BT =4 1E
SRR FUE Y SRS 7E Rayleigh BIEEE T AT Z AP
RMERERET, ERGFHIRMRERINEK S Fin.

F5 Logist EIEXFF I Rayleigh (EE TIRGER

RSB Logistic J78 RIBIFHI 45 1 MBS 55 2 Rl ir4)

1.0x10>  0.122 0.1135 0.1406 0.0976
3.0x102  0.122 0.1146 0.1412 0.0956
5.0x10> 0.121 0.1127 0.1415 0.0969
7.0x10*>  0.121 0.1145 0.1409 0.0947
9.0x10> 0.122 0.1142 0.1411 0.0952
1.0x10° 0.122 0.1139 0.1421 0.0973
1.0x10* 0.121 0.1151 0.1417 0.0959

o= 0.1215  0.1140 0.1413 0.096 1

Hi# 5 AT, Logistic St HB(E MU %5 2 Rt Logistic
MRS 7 AR IESTIRIE 7 51 49 B AR SC A0 EL AR R A P AR X B iF
HHIE 5 07 2B BRI X e/, BT AR B SR EH A T
B/ TSR 1 Rl Logistic B BT AR IEACIRIF SR BAH
REFHEANT R, HHIE 507 28 B AR xR R, BT LA
HARBDRIEMAMBER(NE1.2),

B 6 W41, A NE M5 5 A I B RTS8
TR B AR B AT, HL AT ZE W B s M A X B/ (AN 3R
1.2) , 37 RAJCIR TS 32 3 (8 AR /N s Wi (B4t A 3R VR il ) 41 5
R4 IEATIRMT A 0 IR NS AR i M= 5 B
JR R H Rayleigh By#FEXE S EBITGI RN BHAK
Ui, KRR 1F 3SR 5 FE AR FEE T R A T4 A P iR i
RAGT , HIRTGER A /N HAE S 7 B FE AR B ARG —
g8

KR L3R RS [E] 1E 32 IR 9 £ 5 #E AWGN {5 1E #1 Rayleigh
REFETMATZAPREERGREFHIRGR, LELE
=, 7 Rayleigh ZHEFE MW REERELR FADTE
AWGN {538 T IiRIG%, H7E AWGN f5iE T iRBE KNS
AR R A SRR M B — 3, T 7E Rayleigh %518 F I
RS EE A/ SLARRT B A SCA R R PR RE B A 3. HBAfE
TR AR AR5 6 T 2 A P IR S R TR
WHER/NE—EZM, JLHRZ Rayleigh REFBEXNZ AR
MRS RENIRBERZ M E AL,

6 iz

A3CES T LK IR T Logistic B K Hpictt B LA
B =S (RIS 5 0T 7= AL IE SR P SR A BB TEAR MR
BTMATEZAMRMEER RN RBER, RAARFET
AR IESTRIEY SR B R G H G B MR B AR R
BUMR . —MRIME , IR EE Oy R 8 BEDLF 5
M B Y ERAS FR A X A, LR DO REALF 51 B B A 2%
Frt RS R W BN B . TLH R, 7 Rayleigh 3
VRAEIE T T ZAFE R H R, HAR 2 W R 5 B A4
M IE SRR P 5/ 430 B IR SR IR 5 HAR X R AR A KA
PR B R EMN Z AP BF RN IRERES
— SRR IR [ IE 2 B0 A {7 36 T A2 RIS 5 P I S i
TEASIRMFFIAEY SRS , ZRREAS M X B o PR 22 A P TR
BEARHIRBER, SLHETE Rayleigh ZHFE TR IE
SRS REAR A ML R IR 2 A IR B R R AR IRBD R,
o [ 2 B 22 75 e T LIRS st o 5 1 P IR B A5 R L I
RETILRE, IR S E AR, =S T SN REE
RRENMFEEML 2, AHTLZHAEERR.

(F#% 972 1)
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H AR A

#34 %

B, IEW2.35FE T, X T B BR8N /N2 H B P
HI9K, MDFVA B3E AT LURIE BRI &

w1 BB T RT LA, A SO 5 MDFVA SRABHR
SHASHREIA LR B AR S AR LA 4] BEM
A HEBOR RN, R AR T RAR R R4 SR E L .

4 #iE

AR BRSNS K IR R AT T 2R T, B
Sl B Ford-Fulkerson HIE#ATHIML, BRIRA B WH
HEEE R RIEE i B/ D SR T B R BT, B R
fRREINE) MDFVA B3% P8 MDFVA Bk 5 A RAELU K
XHR[41HEE: (R = 1) #ATX L, 45R KM, MDFVA B
P A AREEE A ROCRR 4 B BB B . ACRBFR T — 4%
KEIMHE L, T —B 05T T LIS 8 2 4k 50 I B R g ol 4
WIS 5 75— 7 AL LUK 2% 40 8 25 W ot A ) 3l A ) 4
B EORA RN E L
SE W
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