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ABSTRACT

During the past five years, there has been tremendous interest worldwide in the possibility of exploiting chaos
in wideband communication systems. Many different demodulation techniques have been proposed up to date.
They can be divided into two basic categories. In the first approach, like the conventional coherent demodulation
techniques, the chaotic signal has to be recovered from the received noisy signal by synchronization. However,
the chaotic synchronization techniques published to data are so sensitive to the channel noise and distortion that
these techniques can not be used in radio communications. In the second approach, the demodulation is carried
out nonsynchronization. This paper surveys the different chaotic communication techniques that can be
implemented nonsynchronization and compares the threshold and BER of the different methods. Finally,
FM-DCSK is introduced the first step for apply to wideband chaos digital CDMA, where the data is not limited
by the inherent nonperiodic property of the chaotic signal.

I.MB =2 4l AR o AREAlA AR Ml d

27lck olohzke: el AlAslD- AHER HAME

olF §4l A%, 74 LAN, =&7 d89le A& olgabd MR < gick 2dE=EY $AkEA
FABANTS 47 dlole] Ag Aulrt 483t < AF d9FE Fdges vlog rigeld =
o AFHA oY FAl A2 oY 4 e By Yo RE AE AES ¥FY] e
ofllA ¥ L ek F P Az o 2 AEE vehles otk ke Ay By
T2 Aol 3 A7 AYA sojdel] Iz, A ~YEgiow 543} e AzldYedre o

*  2ak7) 5} &) ¥ EA W7 (hjchoi @kopo.or.kr)
** Tolefighi H2)-3-2}t1) (ksbyon @mail donga.ac.kr)
EEHE 1 00224-0619, A5UA} 12000 69 199

oH www.dbpia.co.kr



BE/57] shes MUENS WEE 7]E%s}

06

04} 1
02}

0 b
02 g
o4t 1

] 5 10 15 0 2% I X 40 LR 1]

0

0.5 1 15 2 25

I

o

a8 1. ARl Fakpds) stesils

Hiz} o] RAd3A eldoh

e Axe )R 9 WzEe, 22
EoE Alxd Al 2 wEE WAt Fhes
Alze] A7]Akt 3= 0ol 2 Hag JHAY
w27 zhagich & ke AlEe BAH Ze4)
2] A& 7RAAN ARA F2E 2 §lck 7t
22 A%0] 83 AL o9 e F2s u
A gl vF7|A Foo Alg=te Aelck o
2] A&7 FRe A A AN, FLe AR FuleR
&= 7k HA|Y CDMAS 317) 91’ 3oig 71
ol gtz AME 4= qlvh ke CDMAA|
2lolld, A3 ARE Fhes Ao AP
A AR F7) 2 ¥57] B2 AR 5 4
o}k AEA AR ArASS Fske w2
el g b AAe] rledlnR WEY] BEF
ALgE = ik 7he s gk sElelEls, koA
ko SR A E D A R K A R R A=
AMgdhe AETA] A aETE de, shes A
Fo WAl dagt delulels go] g W =
At gl Fich 4] Eabe- Ad e g}
o AFol 2 g el 3L =) o
Al o, FAA FARS AN ER) S SYLE
Al 295 sivh B|EZL Foz]l SNRZ o|Foiof
3= BERe]| 2sf A¥sck ALAG vgr] 7le
2 WE27|%4ql CSK(chaos shift keying)®] wHa-&
W2 2o Jag JAIRke] SNRel| 2)&glri= 7l
o'l ]2 AHAlElr] 4130 wl2-¢] COOK (chaos
on-off keying)HE-FuFA]-& AHEglc)

I. COOK

71 e RS A% A A shes AT

7t FRE W, T NS BER Al A=E H
2 shd 4& 4 slvk WEeR] B 1A
o, 271 4159] UAsrjele] Hd #=le COOK~]
%2 AArlsstd, COOKeA 7her AlEEs 17
29} ko] AlZ 07} 1o ofzf ~¢AHc)k

Correlator

1 |
e T@fﬂ%f -

| 1

1 I

Digital Information
10 be transmitted

a8 2. ¥l%7] COOK Al~H

petformanca of noncoharant chaotic COOK systam

FORT — . cnatllilos. |
5 1] 5 m 15 20 2 3 I 40 45 B0
BIT ENERGY

33 3. A% glo] H1E7| COOK Alxgle] 418 Alge]
el

o] 7%, AT A Usajeie] Aele Eolch
I3 ARge] gl A9 saEasgeluh Hef
FAAE7E BA AdollA A& pikebE, dak
5S84 o] Hrk o714 wAE ¥ H
2 AL Aiem Foixleh. a™se wE)
COOK 9] A& A%olrth 7] sejulels AES
o|t} =7k BERel| s, COOK+= CSKel ulaliA
EJ/Nt 8dB ol 1= wER gl
COOK~7} #h& Age] o] $& 2L, 4% 3§ «
A Al)e] A} CSKel|l wlsiy Fvhsiete AR
ulZoje}t. e}, CSKe £¥ ghgal A3 ze)
AAGEe] A #del dF-E WH=7le] COOKH=
A vehdrl wjzli, COOKE AM-3i4] 413 4]
T Alele] AlE HoRg 5 AL #A
2ol 83 YARE ASedel wel HgEojof
22 SNRe|| #j&jlvi= 24 71aL ek

515

www.dbpia.co.kr



YFFEA 8= 2] 014 Vol26 NodB

performance of noncoherent chaotic COOK system

8 8 3 2 3

HISTOGRAM

=
o

y o8

1] 10 2 0 40 50 60 70
BIT ENERGY

=
-

8 4. ¥]%7] COOK 241710 AHge)
Ead

) ol Sof CHEH ol 5
10 T T
e PPo 00 0
- =] o The 120 sampla
+* * Th= &0 sample
w'e + o
*
g
o]
10°F .
i .
5 1] 15 20

ENR[dB]

3% 5. ¥%7] COOKAl~RS] FheAls

. DCSK

YAgko] SNRo|| 2}&8h= COOK| A& A
%+ u]E7| DCSK(differential CSK) $pAl7le=
o} 2t

DCSKelM H4g wE w|EE % 79 71eA
AE Y2 EADS A w4 AF Pe EF
ez %14'6}"4, T A e ARE Ay
HE 1.2 F #H o€ sle~ 27 235 |
F Azl i AgEe, A0 2o

x(9), W<t t+ T/2
% vaemites= | (12 TY2), 1t TISEK It T M

HE 0& 3L FF 7)lex XFy)} HbEz
o ohg 1 A& WkgAEs AsEr AR)e 32
o

516

FAE A5 Fa

1st Function
Sample

/\ Modulated
Kﬁ Slgnal
—

Chaos .
Generator
|_, Delay
/2 ‘K

Input

Bit Stream©
(Data Rate 1/T } 2nd Function
Sample
(a) +417]
Corelfator becis
______ ecs n
R&oei\;ed [ _i cireut
gnal
o oo —
! T Output
______ LT Blt Stream
" Threshold
() 47]
8 6. DCSK Al~ql9] E5x
(D), L=t t+ T/2
"W’Ww_{ —x(t—T/2), b+ TR=KEH+T 2)

o] ojmix 241 ARy} FHEL $A AFE Ale]
oAl A% Ao n ApbEch AR wEe o
-3— WHE7le] Alggie s 2214w g fAgh 4l

H A AlSE BEZS] At 9k A=y,
Al Alzel Add] Alsale]e) *.}i%l THzch &
AL 4 vlav|2 Peizick & 9l DCSKe
A, B Azt Al &HE v]ER v
2] Aulelrl. o] &jv) DCSKellA, 413 Uaale]
9] Azlx, COOKeA A& E, ¢} Acis 2jne]
ko A Fee] e o, Adsb] E¥Ase dx
B 79 3

o] %ol dAFE E/N = ERez 09
& HoFr}l CSKvt COOK#} 7Zhe- 7hes HFo
js] DCSK¢ < A3 DCSK& A Wz 7]
%8 AHRRIE Zlolu) & DCSKE Alssls A}
ole] Azlg HUZ g} AzaoZ AL A5l
rsle 7)1 AYAE J[RoR e F4l A
gt v & 4= glvk DCSK 4417]9] Pz
of 483k YAl FAAdelr =X SNRy
A gle] 3AF Oelh DCSK¥=4S BER=
10E-3¢]] il E,/N,=13.3dB7} @ gsjc}

www.dbpia.co.kr



/8] Fhes wldEale] HEE Vet

Higtagram caleulatad from bit energy

B

HISTOGRAM
B

B

40 -0 -1 10 a 10 20 0 40 =0
BIT ENERGY

gn

a8 7. 2.}%‘31 flo] DCSKA|2le]l 441g] 4159 |2&
A

ol &od Oi$ ol 4 (DCSK)
Iy . ,
L
iy
*
B Emh:hq:bo *r *
10 5 T,
Coo,
90
o]
= ot *Th= B sample © ]

- Th=16 sample
0 Tb= 40 sample

SNR[HB]

33 8. DCSK Al ~#l9] #3415

A3 AR AlEE DCSKWZE 7|4 H3
Aole] shex AFe| AMME Lol 4154 W]
F714 AR i, A F HER ouiA]e 2
Al8o] d%ziom #A HrieglE Alddld AEE
Wilel o] grle A7 vF o] glvizke
HEE Afse ARE 2498 ¢+ 9 9
oft}. IRTL ©] EAE A9y, ¥ = ¥

T/2
Low-pass s(t)
chaotic __,|FM Delay *
sig(?)al Mod. T/2 0
0 +
" ¥ $ I

Binary infomation
to be transmitted

a8 9. FM-DCSK A2%¢] 85%

dlrel slxzigie] FARERl AE-E EABIKEL
o] &AL 00] opd HARS: 7IA7] Wil AEA
ol ) vk

A9 Fike] E58, A4 YA B
& e 9ast ¥ Ad e le Al
o} galy o] BakE Hasbof ¢t dAE
Tege] BARS A & vl EE(sample P& F
JREeEN Ed 4 olvk e FAARe] 29
2 dolEl g ZolAln dwlo|el$e ARG,
277 FM3} DCSKr|48 Z¥sh DCSK2)
53 A4S AR Ha S8 # 5 qlek

V. FM-DCSK

YT EE P By AlEE dAshs 7o)
gzl FM 2159 ¢A] AL HRo| E3)A
e’ PMALEY9) gEE 7les AlEel siAL
FMHz7]9] o E3o] DCSKE Algsix ¥
Z=w, pA1719] Ar] 9L ol sl A%
B4R 7IR1R] ket DCSKelM A7, 2E AN
HEx F Ao A e o8] A4Rcl A A
R BEE BEFE Al3o|y, T A Fe] ARE
Z4F). Wxr)e] 53 DCSKe} Ferm o
2ol DCSKH 2|9 §j¥e] 7127 ohjel FM
Wag Alsehs Aotk vlE 1S F | 4 ke
24150 W FM 2A7ldx 339 BEFMAE
o olda Ak 23 FheiAlEe wie
FMALZ0]3 A)(4)%= FM-DCSK4lFolc)

i
y(t)=Acc0527r{fCt+ k[ m(r)dr} 3)
_[¥D, L=t i+ T/2
y””’“”"”"d_{y(t— T/2), t:+ T/§st< L+ T @)

H|E 02 Agoll BF IMAEV} AgEw 2 o
+ 2 A3 WAlEr) A=, A(5)e} At

Correlator

Decision
clrcult

Channel
filter
h(t)

o —— -

Threshold

517

www.dbpia.co.kr



F=-24183=F=] 014 Vol.26 NodB

, o), L=<t t,+ T2
Y sransmited = { Wi—T/2), to+ TI2<K b+ T ®)

2799} Fe), FMEZ7]9 ¢gHL 7)o A%
ot} wiek AHFw Fhox AFy) whge] Arhd,
FMHZ7|9] £ g4 2 UxEg 2= dY
A 2¥EYS Zevhe AL ¢ F vk
FM-DCSK®] #x7)%= DCSKS417]9} zhem whx]
Aol AFu} 7her A% tialel, FMALES} Eu}
2 Aslvhe Flovh

Histogram calculated from bit energy

260 200 150 00 50 0 & 100 150 200 250
BIT ENERGY

a3 10. Fge] glo] FM-DCSK S-417)e] 4419 Al5.9)
et

23102 Fee] gl AY daEamelnt
FM-DCSKWiz-¢]| 23] =xe] Bakhe 09L& o &4
Aok IR11E ARo] 9l we] | A et

HAE 2] a3 gA #HlE zhg #hdel A
B glo) 8R4} 09 =Es)e) 1312+ FM-DCSK

Histogram calculated from bit energy
40 v T T T T

-280 -X0 150 100 80 a 50 100 150 200 260
BIT ENERGY

=]

28 1. FM-%CSK Aol Aol AR Az w2

518

A2=glg] FhE Aol delld MG o vF]
o 7l WHE |wd H§ FM-DCSK#:=e] 7
A, dlole] go] ke~ AT AAle) o] Agt
5] ekevhke Aelct

ol sl et ol 2 5 (FM-DCSK)

5 0 5 10 15 2
SNR[dE]

32l 12, FM-DCSK#] %3¢ 4%

V.4 B

vlEr] 7hes WHER 7]£e COOK, DCSK,
FM-DCSKE W]l FA35lgvh Wl FA% 2%
COOK:= 8|EZs] 604%< = BER-10E-3¢]| oj
&le] SNRo) chf 13dBe]x DCSKt BIEZo] 404
9 o] w53 SNRE A" 5 ok 53]
COOK¥E H|EZe| thgh #&5F F7iell wlz} SNR
o] YAl ez delel &g aHslof s AA F
Aol AMg3l] AEupeltt shes 4159 w|F
7] A 28, ¥ iR, 3hge] de AY
o4 FA} DCSK Al7 o4t FA% <+ Qlet 1t
o A AL Aed U] slete, <19 A ¢
R A Aze) gk FA8EE, 38 &
HEES Addolilcl dlolelE- n|EZ] o3
TR 7] wldoll, 4 FAlv dleleige] FheA
AMejel 4159 FAA A o8 AL Wtk
oujelc}. o] ¥4l FM-DCSKE 8% 4= gl
w FM¥} DCSKHE 7|&e] 34 EAE Fs|
9jsle] =g

FM-DCSKE-z7)e)|4], FMHzZE 154 A3s
59 YA" JEE AP3p] H5 IR ARE
t}k FM-DCSK 4 BIE oURx]E 7LoA AlFe) £
EE2) ek & 99 24 Aol dv A5
Oolc}. whAldta] dlojel-go] Al2Hlo] AMRE Fhe
2 Alse] Aaldd e AghE] dedes Aol

www.dbpia.co.kr



=2 uEr] sl v BAlY] HEz s|Edgst

CDMAdA e S Eabgag AMsin o A
48 9lajx] o]Fel AR thE PNAEE 9%
o} olaigk AlxEle wiglge] sk Al 7k
EAe Jehlisd shes AlE9] 3heA o]
CDMA®A 878 g 712 Alde d& +
elck. wlehd] FM-DCSKE oz 719~ tixg
CDMAA|2~H Fae] &4jo] © AR AsH
AEH ez A7 AYelch

H#IEH

[1] Kennedy M P and Dedieu H, 1993,
“Experimental demonstration of binary chaos
shift keying using self-synchronizing Chua’s
circuits”, In Proc. on NDES, 67-72

[2] Kolumbn G, Vizvari B, Schwarz W, and Abel
A, 1996, “Differential chaos shift keying: A
robust coding for chaotic communication”, In
Proc. on NDES, 87-92

[3] Kolumbn G, Kennedy M P and Kis G, 1997,
“Determination of symbol duration in chaos-
based communications”, In Proc. on NDES,
217-222

[4] Kolumbn G, Dedicu H, Schweizer J, Ennitis J,
and Vizvari B, 1996, “Performance evaluation
and comparison of chaos communication
systems”, In Proc. on NDES, 105-110

[5] Roden, 1996, “Analog and Digital Com-
munication Systems”, Prentice Hall, Fourth

edition,
x| & F(Hee-Joo Choi) 5%
199313 2% : Eojyz
AR 2
19953 24 : ok wiEky
AT MA}
2001d 29 : Folata
At W

20001 94 ~3A : &A1 S} HugA e A
4744}
<ZgA ol BAEA CDMA, FA1A| 28

Z 4 =(Sung-Gon Kim) A3l
1997+ 24 : Foluhdla
AxEa 24
1999+ 24 : Fole et el
A MAt
2000%d 39~ : Bl
| ARz vl

19991 34 ~8A) : Solfgn Ar|edTA B
a7
<ZgA] Bol> xDSL, CDMA, FA1A|2H

8 7 Al(Kun-Sik Byon) A5
197223 24 : gh=Ehgogha
x4
19803 29 : Folshar djEhd
Azlgstat Aap
1987'Q 24 : Fdelisham hEd
gk} wpal

197743 39~19800d 29 : Fe) ool AAlgdts)
ZF
1989y 94 ~1990d 8Y : T7.8 FjvulefElnt
A REAT AYRs
198013 213 ~@A) : Foldta HAlFsl g
<4 Fop F41FA], CDMA, SAIA 2

519

www.dbpia.co.kr



