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Abstract—This paper proposes a hew detection methogoint where the chaotic sequence length is changed. We
of a receiver for Noncoherent Chaos Shift Keying. Incarry out computer simulations and investigate the perfor-
this scheme, the receiver detects not only an informatiamance.
symbol but also a chaotic sequence length which used for
Chaos Shift Keying. The detection of the chaotic sequencg System Overview
length is performed by the method adapting the subopti-
mal receiver proposed in our previous research, and it is We consider the discrete-time binary CSK communica-
the very simple method using the feature of chaos. In ordéibn system, as shown in Fig. 1.
to investigate its detection, we carry out computer simula-

tions and observe the performance. Transmitter . Receiver
Symbol "1" Mp reme————
Chaotic signal/ Sk GLJ Rk Detector A’Decoded%
generator symbol
1. Introduction Symbol 0% |
1

Recently, a noncoherent receiver for digital communica-
tions systems using chaos is studied actively [1]-[4]. EsFigure 1: Block diagram of discrete-time binary CSK com-
pecially, it is attracted to develop a suboptimal noncohemunication system.
ent receiver having the performance similar to the optimal
noncoherent receiver. 2.1. Transmitter

In the previous researph, we hav_e proposed a subopti-|; e transmitter, a chaotic sequence is generated by a
mal receiver using very simple algorithm. Our method deg o tic map. In this study, we use a skew tent map to gen-
tects symbols from the calculated values of the shorteépate the chaotic sequence. The skew tent map is one of

distance between received signals and a chaotic map [élmple chaotic maps, and it is described by Eq. (1)
Furthermore, we extended this concept to the distance in

Ng-dimensional space usindy successive received signals 2x+1l-a

; “1<x <
(Ng : 3,4,---) [6]. As a result, we obtained the best perfor- 1+a (-l<x<a)
mance for the dimensioNy, which is equal to the length Ker1 = ) 1 Q)
of the chaotic sequend¥. In addition, we confirmed that <X tl+a (a<x<1)

the performance of this suboptimal receiver became bet- 1-a

ter asN increased. Moreover, in order to use the avemwherea denotes a position of the top of the skew tent map.
age energy per bitffectively and to improve the bit er- The information symbol is modulated by CSK using the
ror performance, we proposed a Chaos Shift Keying (CSkgkew tent map and its reversal map. In other words, if
transmitter which the chaotic sequence length changes éfe information symbol “1” is sent, Eq. (1) is used, and
ficiently and obtained a better BER performance than thé “0” is sent, the reversed function of Eq. (1) is used.
existing CSK communication system [7]. However, thidn order to transmit 1-bit informationN chaotic signals
simulation was carried out by the case which assumed thate generated, whemd is the chaotic sequence length.
the chaotic sequence length was known at the the receiviigyerefore, the transmitted signal is denoted by a vector
side. Hence, the receiver has to detect the chaotic sequeige (S; S, --- Sy).
length, i.e., a point where the chaotic sequence length isin the case of the existing CSK transmitter, the chaotic
changed. sequence length is fixed value. In this study, in order to de-
In this study, based on the detection method of the infotect the point where the chaotic sequence length is changed,
mation symbol in the suboptimal receiver proposed in ouhe transmitter changes the chaotic sequence length at ran-
previous research, we experiment with a detection of trdom. Here, we consider a very simple model which
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switches 2 dierent chaotic sequence lengtité,= 8 or (xo,y0,20) v1 & Y.Z2) u
N = 12. Also, the initial value is changed for every infor- |_:' @y, 21)
mation symbol. o

)
2.2. Channel and Noise !
In the channel, a noise is assumed to be additive white .
Gaussian noise (AWGN) and is denoted by the noise vector (Rr, Riv1, Riv2)
n=(ny Ny --- ny). Thus, the received signal block is given Figure 3: Calculation of the shortest distance.

byRZ(R]_Rz RN) =S+n.
2.3. Receiver

i 2 2 2
The receiver recovers the transmitted signals from the réhere A is \/(Xl = X%0)"+ (Y1 -Y0)" + (21 - 2)" . In ad-
ceived signals and demodulates the information symbol. fion. vectorvo is calculated from Ry, R1, Re:2) and
this study, we use the suboptimal receiver proposed in oo Yo, 20) by the following equation.
previous research [6]. Based on the detection method of 3
the information symbol in the suboptimal receiver, we ex- Vo = (Re = %o Reer = Yo, R = 2) ©)

periment with the_ dete_ction of the point where the ChaOtiE’roductT in u andvy is calculated by the following equa-
sequence length is switched.

tion.

2.4. Detection Method of Information Symbol [6] T=1(R- %) + MReu1-Yo) + N(Ruz2 —20)  (4)

Hencey; can be calculated from the productioandu.
Therefore, we can calculate the point with the shortest dis-
tance K, Y, Z) and the shortest distan&eby the following
equations.

1| Rk, Rr+1, Riv2)

0.5

(XY, Z) = (TI+ X0, Tm+ yo, TN+ Z) %)

Ris2 ¢ |

D= J(X-R)?+(Y-Ra1)?+(Z-Ra)?  (6)

Note that if the point is outside the cube, we calculate
>, the distance between the point and the nearest edges of the
maps.

For the 3-dimensional case, there are four straight lines
in the space. Therefore, the minimum value in four dis-
tances is chosen as the shortest distdahc®r symbol “1”.

In the same wayD of symbol “0” is chosen aBy. We cal-

The suboptimal receiver proposed by the authors calcgylate both oD; andDy for all k and find their summations
lates the shortest distance between received signals and $h¢), andy. D,. Finally, we decide the decoded symbol as
map in theNg-dimensional space usingq successive re- 1 (or 0) fory D; < 3 Do (or ¥, D1 > 3. Do).
ceived signalsNg : 3,4, ---). The calculation of the shortest distance can be extended

As an example, we explain the caseMf = 3. Fig- o Ny-dimensional space fdty > 4.
ure 2 shows the 3-dimensional space of the skew tent map
whose coordinates correspond to the three successive ée—
ceived signalsKy, Rei1, Rei2) wherek = 1,2,---,N — 2. '
In order to decide which map is closer to the poiRy,(

Re:1, Re:2) in the 3-dimensional space in Fig. 2, the short- gageq on the detection method of the information sym-
est distance between the point and the map has to be ¢ghj i, the suboptimal receiver, we explain the detection

culated. Therefore, we calculate the shortest distance USiH%thod of the point where the chaotic sequence length is
the scalar product of the vector. switched.

Any two points of &, Yo, 20) and €, y1,21) are chosen i re 4(a) shows a time series where the chaotic se-
from each straight line in the space of Fig. 2, as showgence is switched &= 12. This sequence contains two
in Fig. 3. In Fig. 3, a unit vectou is calculated from  chaqtic sequences of the information symbols “1” and “0”.
(X0, Yo, 20) @nd (. y1, 21) by the following equation, We assume that the noise is not added to this sequence.
X1—Xo Y1-Yo Z— 2 ) Figure 4(b) shows the calculation res_ults of_the shortest dis-
A A A (2)  tances for everk. Here, we use 4-dimensional space for

05t

Figure 2: Detection method.

Detection Method of Chaotic Sequence Length (Pro-
posed Method)

u:(l,m,n):(
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Figure 4: Connected two chaotic sequences of the information symbols “1” and “0” (switched\wk€r?) .
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Figure 6: Connected two chaotic sequences of the information symbols “1” and “1” (switched\be®) .

the calculation of the shortest distances. In Fig. 4(b), theveenD; andDg around the switching point becomes very

solid line and the dotted line shay, andDy, respectively. small, it becomes easy to find the point where the chaotic
Since the noise is not added, théfelience between the sequence length is switched. In this study, we consider a

two lines is very large fok = 1 ~ 9. However, the dier- very simple model which switches 2 valuds & 8 and

ence between the two lines becomes smalkferl0 ~ 12. N = 12). Hence, the receiver calculates &Feliences be-

In order to observe the fierence in detail, we show the tweenD; and Dy around 8 and 12, and these two values

absolute value of the flerence betweei; and Dy, as are compared. Finally, the receiver can decide the chaotic

Fig. 4(c). We can see that thefdirences around the switch- sequence length by which is smaller betwéé¢n- 8 and

ing point k = 12) are much smaller than otheffdrences. N = 12. In the case of Fig. 4(c), theftérence around

In order to expound on this cause, we use Fig. 5. N = 12 is smaller than that arourdl = 8. Therefore, the

chaotic sequence length is decided\as: 12. Moreover,

sinceD; is smaller tharDy, the information symbol is de-

tected as “1”".

In the same way, the proposed method can detect the
chaotic sequence length and the information symbol even
Tu‘;‘f:;:ffsstegfgﬁgge is calculated when the same information symbol continues like “1” and

“1”, as Fig. 6. From Figs. 6(b) and (c), we can find that
the chaotic sequence length and the information symbol is
detected adl = 8 and “1”, respectively.

This detection method improves the performance when
D: and Dy around the switching point is very small.
Figure 5 shows the switching of two chaotic sequenceslamely, the initial value should be chosen such that the
We can observe that the two chaotic sequences are mixdidtances in théy-dimensional space between the signal
for the calculation around the switching poilt € 12). point and the two maps, which correspond to the symbols
Therefore, the shortest distance around the switching poifit” and “0”, is very small. Therefore, when choosing the
is calculated as if the noise was added. This is the kawitial value of the next transmitted signal, the transmitter
point of the proposed method. Namely, if th&dience be- calculatedd; andDg using two values, the last value of the

<—— One sequence — | <— Another sequence

1[2]-[7]8]9]10[11]12

Figure 5: Cause of small flerence between two lines
around switching point.
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previous transmitted signal and the random value. This opesults, we can find that the performance of 8-dimension is
eration is performed repeatedly. Finally, the random valueetter than 4-dimension. This is because the sequences are
which is the closest t®; and Dg is chosen as the initial generated from chaotic dynamics. In other words, chaotic

value of the next transmitted signal. sequences with 8 values have more appropriate to express
the chaotic feature than 4 values. Therefore, it can be said
4. Simulation Result that the detection of chaotic sequence lengthfisative

by using higher-dimensional data. In addition, since the
In this section, we study the performance of the proposegzerformance of the method choosing the initial value ef-
method by computer simulations. The simulation condificiently is better than that chosen at random, we can say
tions are as follows. that choosing the initial value of the method choosing is
In the transmitting side, the chaotic sequence leigith very important.
is switched asN = 8 or N = 12. In the channel, noise is
assumed to be only AWGN. Hence, the noise at the trang- conclusions
mitter and the receiver are not considered. In order to cal-
culate the shortest distance, we use the 4-dimensional andn this study, based on the detection method of the infor-
8-dimensional space on the receiving side. Based on thesation symbol in the suboptimal receiver proposed in our
conditions, the system performance is evaluated by ploprevious research, we experimented with a detection of the
ting the sequence length error rate and BER ag&ip8tly, chaotic sequence length, i.e., the point where the chaotic
when 10 bits of information are transmitted. Here, we assequence length is changed. We have confirmed that the
sumed that the bit error rate (BER) is calculated in the casketection of the information from the chaotic sequence is
where the chaotic sequence length is detected correctly. possible even when the chaotic sequence length changed.
Moreover, in the previous research, we proposed the CSK

1.0E+00 transmitter which the chaotic sequence length changes ef-
SIS Sl ficiently and obtained a better BER performance than the
1.0E-01 ‘i'f'*- ~=Sllsn existing CSK communication system [7]. Therefore, inves-

tigating the performance of the chaos communication sys-

L0032 tem which changes the chaotic sequence lenfiitiently

Sequence length error rate

Do using the proposed method in this study is our future work.
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