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Dual mode index and time diversity based DCSK for power line communications
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Abstract: A dual mode index and time diversity based differential chaos shift keying (DM-TD-DCSK) scheme is
proposed. In this scheme, all carriers excepting the reference carrier are divided into two classes by the index bits, and
then the first active carriers are utilized to transmit the first modulated bits and the second active carriers are utilized to
transmit the second modulated active bits. Time diversity is also employed to deal with the noise of the power line
channel, where the transmitted signals are sent in different intervals and averaged at the receiver. The bit error rate
expression is derived over the power line channel and validated through Monte Carlo simulations. Both theoretical
analysis and simulated results demonstrate the superiority of the proposed scheme. Combining with diversity and index
modulation, DM-TD-DCSK not only enhances the spectral efficiency and energy efficiency of the system compared to the
traditional index modulation in which active carriers transmit modulation bits while inactive carriers transmit no
information, but also effectively mitigates the impact of impulse noise over power line channels. However, the complexity
of the transceivers increases due to employing the two technologies, and thus, the DM-TD-DCSK scheme improves
system performance at the cost of higher system complexity.
This work is supported by the National Natural Science Foundation of China (No. 62361012).
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Fig. 1 Structure diagram of DM-TD-DCSK transmitter
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Fig. 2 Structure diagram of DM-TD-DCSK receiver

SRR I B (5 SRS 05 2 R RE 25 5
B CERERE R, FURERE I, o oo o3t ] 5)
GRS, K R, PIOSUREENR S FI3AT 44115 5
2g AVIMAL X 2g ALYARRT 913 E] S AR
A, A NIERE Ry, - FHERE L, | o KR
FRATAE S M HET ML, AT S 2g AL, 3F
A5 T AL IO HAR PR P HETUIR R S /Ml R
TEIFAERELE Togs) 1 FEBECAL BRI R AL Y
HETUIRFEXS S AMIREERESIEEAETE 1, -
BB T Ry, 0515 B0 5 28
HIPRIE I,,.o) AR BB T L, o) AT
S, FAGE R IR IER T 2, M Z, R 06 Z,
T Z, A0, G5RAETESENE €, i, FRKES5 R
Lo RS D WA E RS . ISR Z, A0 Z, 10
A RA

Z, = Ry o))" %)

Z, = Ry % Uggs)' ()

R C,,, RERHE, MHUARHE R g, AR
SRR, SR LB bR SR L R
BILCAFIREL . IR (/N g, KRR AT
AR R AR OV LR FEAE 0 2,
Z, R R SRS, 7S A
U7, FESSIEOUH <07 LT RIS RO R
TP SRR RUR, SR 5] L,
SV LR AU ) LOREI S HESY, BT St
—IH LA

2 MEERHH
2.1 fEXREEE
2.1.1 S BiE R

TESE v WFF S RFEER R, FR IR O3 I 5]
TEPEIN § 5 S0 TS R0 AR GBS g R BN Q..
HEER KO Fiw.

€



'fJC 7) 'H ’ /:;:‘E

T [ FEL g 24 30 15 Rl XA 25 2% 5| ATIR [1) 93 4R ) 22 ) T A 7 5% - 139 -

Kb a,, EE v WURFS 4R SE 8] P 15 08 3 24
C, HEE v IFF SIS K AMBRS R o, N5k
BB BLE T s, B BT IV (R R
ul, Mou,, BIIMEN 0, J72% M (N, +N)/(4g) ,
NJ/2=(N,/2)-¢ » BIN, =N,¢ B4, Hef N FIN, 73
) A T s v A0 T 7 ) Rt R A B R A TE T
ThER R o

DRI, 224 fhk e g s 0 e e 7 A7 OIS L T
O, MIIEFITT 2 53 1A

L
EQ,) =Y e Eb = (10)
=1
L N,+N, ) (NS +N.)S
Var(Q, )~y o’ E'| 4L |+——1" =05 (11
(Qv,z) ; v, L( 2g ] 16g2 1 ( )

S
R E =) ¢, ARELEE v WP IR 5[ RS s
k=1

b, NEERFFP A SR i AN LERE: o A oy 235 Bkt
e 7 MY SR 75 A AL I O, I AN TS 22

A5 T8 A e ke e 7 A 1 SR I Q, | 1)
EANTT 255N

L
E(Qv,i) ~ Zavz,lEcvbi =H (12)
I=1
L N, NS
Var(Q )= > o’ E'| =2 |+ —2—=¢ 13
(Qv,z) ; v, L(zgj 16g2 1 ( )

A g Mooy 43R TE KR G T S e AT
fERF Q,, 3 AN )5 %
2.1.2 JE s
TES v MRS RS TR Y, TP e 41
TEFE 5 SR BE R B RAH A R BN O, 5
HREAw=14)Frw,
f:l = (14)
(Zavvlcv’k +u,, (1 < j<gq,)

e !, NSRBI BIBON MRS, !, 18
R0, HZEAN(N, +N)I(4g) . Kk, kg
ANE SR F AR T, O, MIMEAT 25
HlA

L
EQ, ;)= Y alElb, = i, (15)
I=1
L (N, 4N, ) (NS +NHS
VmgﬂzZ%ﬁ( 0 q+(%@;)=@(M)
=1

e g H oy 73 kst g 7 1 S5 T P R A AE

W O, , KR %
T G ki e A5 SR A O, S R
#4519

L

E(Qv,j) ~ ZOliIE:bj =L, (17)
1=1

S N, NS

V. ) =~ 2 EV_0 0 _ 18

al‘(Qv,j) ]Z:l:av,] c 2g + 16g2 0-2 ( )

Arf: o, 48 BT FUA 15 5 75 1
ERE O, IRy % .

2.2 iREEEFERSR
2K H Bernoulli-Gaussian i 8 45 H1, /) 2845
JER IO 2, DCSK {55 7E PLC {518 & i 11
SRR RRN
P' = pP +(1-p)P, (19)
X: PP ERRABMSIRLERR; P ERGEMK
N P R S R ARG UL R IR LR P2 R
GRAE T kg A TS S P AR AE N AR R R
—mirr, g MERREERE TN 3, B g SRS HURE
q, ™26 LR A g A FE BB RE, BD g =
g+, +q, . F, RGEIRHERFR BRG] LR IR
AR LR R AL, HILER RA/AFED
Jhk g NS 5 7S AR DA KA TE R o ik g
R 1S 5 RS IR R LU AR 2R 45 N
P :&Ri n (9, +Q3)P1

mod (20)
q q

})e :ﬁ})in+(q2+Q3)Pmod (21)
q q

Srf PURT P4 ks P R 0 P A A 1
[N 1022 31 E RS SR 2 R R LA R, PRI P
SIS TE IR R 5 A 1 S5 7 e ) 2R 3] e
SR L R 2

1) 2 5] HLR S5 2R A 7

1625 FOAR AR I R Y, 24 S0 2k A
SARL 7 5 /NSRBI T 8 AR AT SR e A 2
SR, Btk AR, AT S R B
HE R Py

Pi=1-Pr(|0}| >|ol,| )=

1‘LF@MQW¢MQNX

Retre [OL] R ST A XA 0

SR IR ME (O] AR BT M 4
I 5% 9 110 G A T4 R RO K

(22)



- 140 - W) R G AR 54

1
Qv, J

distribution function, CDF); f‘Ql | (x) /&

) (1) 22 AR 7 A bR X (cumulative
0| Mt

R JE pR B (probability density function, PDF). T

ma:

F\QM (x) &

lOL|  Flol | B BONKYGE i B R S
TR, TR
) = Ry 0] 23

) =4 o 1= Fy ] a9

b

A iy (xX) N j 5 Ja WA BB B 2% a8 tHAE

MR RBUMTRA f, () B E, () 5
i G W B IBR INL R 5 0 0L
LR BB BT |0l | F1lo! | #B AT
RIS, REFRESHHOR L F, (),
By (0 £y (o) 7T BLS3 Sl |00, | [ | 0 246
7 24 S, 0T R

1 x—u | 1 X+ 10

E . (x)=—erf| —= |+ —erf| ——= (25)
2. 2 [ V20, 2 20,
1 x— 1 1 X+ i

E . (x)=—erf| —= |+ —erf | —= (26)
o7 2 Lh@] 2 Lh@

1 (x— ,ull)z (x+ /u]I )2
(@)= +
If“Qv,i‘ (X) \/2750_11 % [exp|: 2011 exp 2011

(27)
BREHFAR23), RK(26). RN (24),

max

AT(22), AT R 5555 72 ki W 75 A 56 R
HAFTER R P, bt A RADFTR. 5 P
FIHESRML, BN, =0, AR SELIK R
AT R AN RE R, , Wt A
(A5

[KItt, 7£ PLCfEIE T, ki ms F7S s s
HALLERS, RGEM R G| R R R AT LR N

p-t 28)

T 24 5 0 T 7 A1 SR,
(% 5 AR B T
P,

P:

in
4q,

(29)

2) U] LR85 43T

AT R LORFI L R T, S5 7 2% 3] LR
A% DCSK {55 P, AIZI I 4414 B AEHUR
11 DCSK {55 PL (050, 4Kk I 5007
ARAETERS . IR R L, A LA 07
B Bl ABIRTH

Pl = Phose (1= P) + P, (0)
PDICSK = 7> lel +[ 95 Jpxlz 31)
q, + 4, q, + 4,
2 2
P = Lertel F%+na+§)+mfnlg+5)sj
2 2497, 82°4° 7,
(32)

Pl =Lerfe / (‘13(1+¢)+q32(12+2§)25j .
2 gy, 8¢°47,

(CIZ +q;+ I)EV L 2
It':':': =—- ¢ a;
7b qNO 21:1 1

F0(32)s BN GE 1) AT 15 2 22 kg 7=
FTS FL0 S EAFAERT ) Plog » FRB SR Pooge 18
AN (30) H BITAT 43 21 7E ik b i 75 R 55 gt s A7 E
BF AU ) LR R R P

ek A T SR R AE AR, R bRy
fIsRE P AN

1
B o =PDCSK(1_Pei)+EPei (34)

q q
PDCSK :( . \]le +{ : JR(Z (35)
q, t 4, q9, T4,
1 1 1)?
P, =—erfc|1 [("” ), @+ f] (36)
2 897, 8g4q,
1 2
P, =—erfc| 1 (% + €3f 2] 37)
2 gq97, 88797,

HR3B6). REHRAKBS), WIHEHREE =
e FEAEAEI () Pogy » FRRHAR B Poege FRATN(34)
o BV R 45 20 50 ik e 75 A T S e P A I ) 1 )
FERFESRZE P, o

3) ARG R LR ZR A b

Vg ke gt P R S50 S LA AE I O T IR 51 L
FRHR R By FI S LR R P ARANS(20), AT
BRI R R R LR P TS B s
ETERE LT B 51 LURR R 2 B, FOR 1] LU AR 1R

§=NI/N0°




'fJC 7) 'H ’ /:;:‘E

T [ FEL g 24 30 15 Rl XA 25 2% 5| ATIR [1) 93 4R ) 22 ) T A 7 5%

- 141 -

P RAIN(Q2L), A5 2 A SO0 N 155 Ly
EP . [P AP RN EIA#3E] DM-TD-
DCSK 7E PLC {53 A& i) SR LLAs R P .

B L ARMSLIR] o3 A HAE VR 2 0 5 10 i F)
FEVEASTE, My, M2 2 AT 2R N

o -exp(—éj (38)
(L-1)Y, 2

S(ry)=

Kb Y Ela]]=1; Z:ﬂ-E[af]zﬂ-E[aﬁ]

NO NO
(j = D) R EIER T EIERE, E, 25 HRr
ﬁlé%o

25 I, DM-TD-DCSK REfE L &Fif v PLC

G518 PR LR R RoR N
B =[P fr)dy, (39)

e P& B BB TE T 2 AR R V% R 2 LRy
iRz PTEBRASHEFHRGAE PLC 518 11
SRR
2.3 REEMEMITELE S

TEIRTE T HIKTE R B KIEERBEEH N m %%
£, DCSK J7%. GCI-DCSK J7 % f1 DM-TD-
DCSK 7 &M RE R B AAIE R sk 2 B
K. DCSK MIRERAF AN1/2E", GCI-DCSK [
BEN (g, +9,)/(q, +1)E , DM-TD-DCSK ffit
BEN (g, +q, +¢,)(m+1)E’ . DCSK [R5 3%
FANT/2PT.)» GCI-DCSK HIHE RN (¢, +q,)/
((m+1)BT.) , DM-TD-DCSK (¥4 2% N (g, +
g, +¢;)/(m+1)BT.) - HZE 2 A[%1, DM-TD-DCSK
Ti SRAESE A R B R T BT DCSK 5
%M GCI-DCSK 5 %.

% 2 DCSK. GCI-DCSK #1 DM-TD-DCSK &Y
BB RASTE R S
Table 2 Comparisons of energy efficiency and spectral efficiency
between DCSK, GCI-DCSK, and DM-TD-DCSK

DCSK 112E; 1/(2T;)
GCI-DCSK (6 +9,) (g, +DE) (@ +¢,) ((m+DPT)

DM-TD-DCSK (¢, +¢, +¢,) (m+1E)) (g, + g, +q;)((m+1)BT;)

3 FELRSH

MR E 2 EE R VR L EE T, X
DM-TD-DCSK 75 %[ BER 16847 T & . 44T
T AR Z#0 DM-TD-DCSK %% BER [f1520, 3+

FEMIEY A7 F 5 GCI-DCSK #1 DCSK 43 #li#E47
BER TERELCEL. A, B 25 11 2 425 A 32
WAEIE, WAL N3, BRI
BN E(al)=E(al)=E(a}),» %&HIIER 535 H
7,=0, 7,=2, 7,=5. WA, ARRAT ZEAF
AT R BER HaE, ASCKE 3. B 6—K 8
3 R 5 BB A 600, Bl 4 F1E 5 (3 3 T 8
BEE N 800

Kl 3 341 1 PLCAZIE T A [R] ik i e 75 e AR %
%t DM-TD-DCSK J5 % BER 1 RE F) 5401 o 4)7 B ol
S WHEN30, SHEN 600, H ks kA rIME
R p N 4 FENL, 43H18 0.005. 0.01. 0.05 Fl
0.1. WE 3 daf LLA H, 5 FRs R 104 B0 i 2 3
WHES 2R R Bty &, IEB T BER HgA
RIESHIERTE. 2 p A 0.005, HIfkphg s K4
ML /N, RS0 BER PEASRAT, AebRkE
107 LUK, $#65E 107 B35 p KK, RS BER
PEREIZMET AL 2, XM THEE p KGR, [SEHm
fikrpig 2, F9 22T R, S8R
GUR LR R Tt

p = 0.005(1i EAH)
*  p=0.005(FLAH)
p=0.01(1iFLfH)
* p=0.01(RiH)

102 p=0.05(4i 2Lt
o p=0.05FE1H)
p=0.1(TiFAH)
PR p=0.131418) | ‘
0 5 10 15 20 25
(Ew/Np)/dB

3 p T3} DM-TD-DCSK 75 % BER T4 RERISZMR
Fig. 3 BER performance of DM-TD-DCSK with different p

Bl 4 BFFL 1A 3SR E g 5F DM-TD-DCSK
J7% BER PEREMIEM, {5 E Ay ST gk E
79 800, kiR R AR p BN 0.01, 4
W g 70N 4. 5. 10 120, MWEHE DR H,
24 {E i LY (signal to noise ratio, SNR) A 26 dB i}, [
FA RV 4 HIN3] 20, RGN R BER &
RPEAK . IR T X RIE(E 53T o e, o
T RGPS, A0S T 2401 BER PERE, H
IEERBZ, BER VEREMHE sl il 5

Bl 5 AT T AN RIS Fr % S X #2490 BER 14 fig
REZI SO, D7 B8R IRE g [BIE N 5, T S 43
AIHX 20+ 40. 60 A1 80. 41 5 Fr7, 24 SNR 4 26 dB



S142 -

0, 7) RGP 5

i, BEEIRMEADHE S M 20 BnF 80, REEHY”
SRR FHK VRN 200, 4004 600 1 800, Z%if] BER
WK, BER MEEEEHIAR 2,

100

107!
5 102 |— g=20(1/i 54H) 9
m % g=20(HpA)
g = 10(17 3L1H)
o g=10(HEMY) %
1073 | g=5(flj ) o
o g=5(HitfH)
g = 4(1 ¥L4f)
Lo % g=4(FiRME) | | |
0 5 10 15 20 25
(Ey/Ny)/dB

4 &R ¢ 5F DM-TD-DCSK 75 % BER 4 &ERD 20T
Fig. 4 BER performance of DM-TD-DCSK with different g

100

10’1 =

v g=S5(PiFfE)
x  §=20. g=5(ib{H)
S=40. g=5({HAH)
o S=40. g=S5(HiE{H)
1073 | —— $=60. g=S(MiLf)

o S§=60. g=5HiH)
—— §=80. g=5(1/FLfH)

*  $=80. g=5CHLM) | |

0 5 10 15 2‘0 25
(Ey/No)/dB
5 F3 5% S %t DM-TD-DCSK 75 % BER 14 4ERIFZN0
Fig. 5 BER performance of DM-TD-DCSK with different S

Kl 6 W5t 1T AFEg42% L X DM-TD-DCSK J5
% BER TRRERISZM, EAHT SR T g ERA
600, FIEEH A 12, Fkrtig A A p BN 0.01,
DEVE g N 10, BEEL RN 3. 4 F1 5. 1]
DL, A{EMELL N 26 dB I, FEEERAEEO 3 14
InE) 5, RGN A BER T REZ W15 3 M3

10°

LA

104

10’1 L
102
o~
m
m
107 L =37 11t)
* L =3(FibME)

B L=4(TiFfH)
107w = amipfl)
L =5 AfH)
o L=5(itfl) | |
0 5 10 15 20 25

(Ey/No)/dB

103

6 TEHEH L 3t DM-TD-DCSK 75 % BER 1£AERIZZN
Fig. 6 BER performance of DM-TD-DCSK with different L

EH 251 F DM-TD-DCSK 5 DCSK 1
BER PERELLEANE 7 FioR . 45 B A R T R0
BRI B HIBEN 600, 43EEIRE g BEN 10, p 55
HX 0.005. 0.01. 0.05 #10.1. AJLLHH, 7 p BUA
[FEME % T, DM-TD-DCSK () BER AL T
DCSK. FfH. 24 SNR KT 18 dB i, DCSK ) BER
TREASZE . {FR] DM-TD-DCSK 7E PLC {511
BER PERER] AL T DCSK R4%, %7 EAME B
POk R R RE

10°

—#— DM-TD-DCSK p = 0.005
—-%-— DCSK p = 0.005

—6— DM-TD-DCSK p = 0.01
--6-- DCSK p=0.01

1073 |—e— DM-TD-DCSK p = 0.05
—.6-= DCSK p=0.05

—#— DM-TD-DCSK p = 0.1
—-%-— DCSK p=0.1

0 5 10 15 20 25
(Eo/No)/dB
B 7 B14{5E T DM-TD-DCSK 5 &5 DCSK
AR ZiH BER MEREXTLE
Fig. 7 BER performance comparison between DM-TD-DCSK

and DCSK over power line channel

TEHL 1461518 F DM-TD-DCSK 5 GCI-DCSK
") BER MaELbEan i 8 Fron. i E G wiA T &
3 A 1 g %N 600, #HIKEUNEE N 12,
DM-TD-DCSK 173081k $ g ¥4 10, p 7371HL 0.005
0.01. 0.05 F1 0.1, FTLAEH, 4 p B4 FMERIEHH
~, DM-TD-DCSK [J BER # g8 & & ft T
GCI-DCSK. iF#] DM-TD-DCSK £ PLC {5iEH 1]
BER 4] BT GCI-DCSK £4t, BA K iIt
ik g 7 ) e

—*—DM-TD-DCSK p = 0.005
—%=GCI-DCSK p = 0.005
——6—DM-TD-DCSK p =0.01
=¢-=GCI-DCSK p =0.01
—&—DM-TD-DCSK p = 0.05
--6-=GCI-DCSK p = 0.05
—#—DM-TD-DCSK p =0.1
—%-—GCI-DCSK p = 0.1

0 5 10 15 20 2
(E/Ny)/dB
8 HLHZ{5iE T DM-TD-DCSK /7R 5 GCI-DCSK
Z %) BER MAEXTEE
Fig. 8 BER performance comparison between DM-TD-DCSK

BER

and GCI-DCSK over power line channel



'fJC 7) 'H ’ /:;:‘E

T [ FEL g 24 30 15 Rl XA 25 2% 5| ATIR [1) 93 4R ) 22 ) T A 7 5%

- 143 -

4 LEip

BT HL S ZRAB TE FRAEAE BT S s L ik s
MEZREERFNR, A XHEH 7 —F DM-TD-DCSK
T 1ZI7 ZR R 5] AT 6] 40 4
HAR, WBRZ 8IS #5355 T %
WA TG BAR Y, ol 2 kORI
i, ABIRE T RGMIE SR REERCEF BER
PERE . 2R, PIAPHOR FIE 3% K 7 DM-TD-DCSK
RIEN IR E 4= FE . AHES T DM-TD-DCSK
77 EHK BER #ig A IFEE 0 JmIuE 7 HEIS AR
HIIERA M . A SOERF R T 24145405 BER PEREN
KR HEUHL g HI K RES A 4K R 41 BER,
HVRVEFAURS B30 S 138 i MR A SRR R
41 BER. fEH SR+ AH R 2644~ , @it xf
DM-TD-DCSK. DCSK # GCI-DCSK 7E PLC {54
o BER PEREHEAT ELEE, 1IEBH DM-TD-DCSK %4t &
HRAR L HRE

HiR2 P S T ki i R 1 5 S AR AR R
SRS IETRS P, () BARHE S AR W R A

1) P S HREHIRARER3), RE6e)H
KR F RN QYT , 7] 15 H] F‘ 2L (x) F
F

o) OWRILR. 208 iy ORE, ()

FRN(22), WIATFF 212 51155 78 Bk g 75 A 55t
M AR R IR Py, A DR .

2) P, HES: P, ARF U (EE T kg s ]
ARG AAIER R T RS AR R, HiES R
FAUT P HES IR, N, =0, ATREEIFFS
TETC Rk s XU 1 S 7R AP AERT (¥ 7 5 J5 G 3
P LA 9% 2% B 00 A X R R 3RO 4 A e AL
1@Mnﬂi%%ﬁﬁﬁﬁﬁ&m%%%$%%ﬁﬁ

MREBBELLE, | ()« BREIERAL S, | () 12

X, AalutA2). AR (AL FTR.
%%ﬁm\%ﬁmﬁ%ﬁmﬁAﬁmnw

Hi% A RIS (5 T8 T ki 7R R 1 SRR R AR AR R
=k v M 7 A SR S AR AE N R SRS FIFF SRR P, X(ASFTR.
P=1- b X
n[ 47,(1+¢) +<1+;>ZS]
g2(q, +q;+) 8¢’
m-q,
1 Y 4%y 1 | X+ 4%y 1
J‘O*"O Lerf q, +q; + : +—erf q, +q; + : %
2 Jcm(lw) L+0ys | 2 \/%(HC) NI
2, +q,+1) 8¢’ 2(g, +q,+1) 8¢’
2 2
Al
(x_ ar, J (x+ a7, ] (AD
¢ +q;+1 ¢ +q;+1
exp| — 5 exp| — 5
arn,(1+¢)  (A+6)'S 9r,(d+¢)  (1+£)'S
g(g, +q,+1) 8¢’ g(g, +q;+) 8¢’
r 9>-1
1 Yo q7y 1 | 4 a7y 1
—erfe eI — |+ erfe $19 = dx
J 47,(1+¢)  (14¢)’s | 2 J 47,(+¢)  (14¢)’S
g(g, +q+1) 8¢’ g(g, +q:+)  8g’
x—E'b, 1 X+E'b,
ﬁQ ‘(x)z erf ll - +—erf i - (A2)
v.j L L
Freate i || Banh
/=1 8g I=1 g 8g



- 144 - W) &SRy SR 4
1 x—-Eb,, 1 x+E’b,,;
F‘Q_‘(x) =Eerf - : - +—erf - : - (A3)
[Sem NS 2| S 2o 08
I=1 g 8g I=1 g 8g
1 (x—E'b,,) (x+E)b,.)
f\Qv,,v\(x) = - - x| exp| — N : s +exp| — N : NS (A4)
Yalm E:&+N°725 2B 802 2 B+ 802
- g 8g =1 g g =1 g
Pei =1- 7> X
n[fm +S2J
g(q, +q;+1) 8g
m—q,
rw lelrf G *td; +1 +lerf 9 td +1 x
"2 J%+ 2 \/%+S
g(q,+q;+1) 8g2 g(q, +q;+1D 8g2
2 2
(x— 9% j (x+ a7y J (A5)
g, +q,+1 g, +q,+1
exp| — +exp| — x
I 74 I 74 S
g(q, +q;+1) 8¢’ g(q, +q, +1) 8¢’
— q,-1
1 1
lerfc Brgt +lerfc Drgt dx
2 J%+ 2 \/%+S
g(q, +q;+1) 8¢’ g(q, +q, +1) 8¢’
S E Tt (4] FeRE, B2, Eo5mE, S5 me a0 B
) TR 4% P 28 X6 AL AN [T]. B R GUR I S %,
[1] GALLI S, SCAGLIONE A, WANG Z. For the grid and

(2]

(3]

through the grid: the role of power line communications

in the smart grid[J]. Proceedings of the IEEE, 2011, 99(6):

998-1027.

HHEW®, %, REk, 5. JE T L AUTH R
%iw PLC 55 FHPLICEL[I]. B RGP S,
2024, 52(23): 159-166.

CAO Wangbin, GAO Ying, LIANG Xiaolin, et al.
Broadband PLC signal impedance matching based on an
inverted L-type matched attenuator[J]. Power System
Protection and Control, 2024, 52(23): 159-166.

VERMA N, KUMAR N, GUPTA S, et al. Review of
sub-synchronous interaction in wind integrated power
systems: classification, challenges, and mitigation
techniques[J]. Protection and Control of Modern Power

Systems, 2023, 8(2): 1-26.

(5]

(6]

2023, 51(11): 64-76.

YAN Kang, LU Yidan, QIN Fanglu, et al. Network security
risk assessment of UPIDs in the distribution system[J].
Power System Protection and Control, 2023, 51(11): 64-76.
TTH, BRER, IR, 5 BT URE-HE-E”
IR RS A S B AT RBERORERA )], H
TR GRS 15, 2024, 52(24): 169-187.

HUANG Yuxiang, CHEN Haoyong, NIU Zhenyong, et al.
A review of virtual power plant architecture and key
operational technologies based on a “energy-information-
value” three-layer network[J]. Power System Protection
and Control, 2024, 52(24): 169-187.

WAl B, W REZRKEZ 0ESRIER
RS AE K A TE T I VERERT FT(T]. 55 DM FE R 2 2
M SRELFIR), 2020, 32(5): 719-725.

XU Weikai, WANG Deqing, WANG Lin. Vector



M, %

T 171 FEL g 24308 15 Rl 5 XOURSE 285 2% 5| AT [1) 932 1) 22 23 TR A A ¢

- 145 -

(8]

[10]

multicarrier M-ary differential chaos shift keying for

underwater acoustic communication[J]. Journal of
Chongqing University of Posts and Telecommunications
(Natural Science Edition), 2020, 32(5): 719-725.

LIN Zixian, XU Weikai, SUN Haixin, et al. A hybrid
DCSK scheme combining cyclic shift keying and code
index modulation[J]. IEEE Communications Letters,
2023, 27(9): 2303-2307.

KANG Peng, ZHU Ziqgiang, LIN Zhijian, et al. Design of
chaotic-based PPM-PI-DCSK modulation for wireless
communications[J]. IEEE Wireless
Letters, 2023, 12(10): 1662-1666.
ZHANG Gang, CHEN Xibiao, HU Yanan. Singular value

decomposition optimizes multi-level orthogonal code

Communications

index modulation DCSK system[J]. [EEE Communications
Letters, 2024.

KADDOUM G, TADAYON N. Differential chaos shift
keying: a robust modulation scheme for powerline
communications[J]. IEEE Transactions on Circuits and
Systems II: Express Briefs, 2017, 66(1): 31-35.

[11] CAI Xiangming, XU Weikai, WANG Lin, et al. Design of

[12]

[13]

[14]

[15]

joint position and constellation mapping assisted DCSK
scheme subject to Laplacian impulsive noise[J]. IEEE
Communications Letters, 2022, 26(2): 463-467.

RN, Mg, FIE, & A &S S E Tk
e 7 ) BRI AR A R AR BT SRR D], TS 1E
H2ER, 2024(5): 1761-1773.

MIAO Meiyuan, TIAN Feng, WANG Lin, et al. Survey
on optimised design of robust chaotic transmission systems
for impulsive noise under power line communication
channels[J]. Journal of Electronics & Information
Technology, 2024(5): 1761-1773.

KADDOUM G, RICHARDSON F D, GAGNON F.
Design and analysis of a multi-carrier differential chaos
shift keying communication system[J]. IEEE Transactions
on Communications, 2013, 61(8): 3281-3291.

BISER, WZ0E, WEEmS. —f M EhE S % EHRR
S ZE IR R AL SR i R A J]. AL, 2024,
45(3): 485-492.

LIU Sujie, YANG Liejun, XIE Zhaopeng. Differential chaos
shift keying system with M-ary short reference permutation
index[J]. Semiconductor Optoelectronics, 2024, 45(3):
485-492.

Wt £F, HREE, & B SERIER I E MR
R hrsEIE E 7 K] BS54, 2022, 43(3): 113-123.
YANG Hua, WANG Yu, XU Siyuan, et al. Time hopping
short reference carrier index differential chaos shift keying

communication scheme[J]. Journal on Communications,

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

2022, 43(3): 113-123.

CHENG Guixian, CHEN Xuan, LIU Wansong, et al.
GCI-DCSK: generalized carrier index differential chaos
shift keying modulation[J]. IEEE Communications Letters,
2019, 23(11): 2012-2016.

CAI Xiangming, XU Weikai, HONG Shaohua, et al. General
carrier index aided dual-mode differential chaos shift keying
IEEE
Transactions on Vehicular Technology, 2021, 70(11):
1665-1677.

KADDOUM G, SOUJERI E. NR-DCSK: a noise reduction
differential chaos shift keying system[J]. IEEE Transactions
on Circuits and Systems II: Express Briefs, 2016, 63(7):
648-652.

BT, B, R, & BEMEOR RG] 2 TR
FIBAE RG] AR R K224, 2022, 45(3): 74-80.
YAN Xinyu, YANG Hua, XU Siyuan, et al. Noise

reduction carrier index differential chaos shift keying

with full mapping: design and optimization[J].

modulation system[J]. Journal of Beijing University of
Posts and Telecommunications, 2022, 45(3): 74-80.
MIAO Meiyuan, WANG Lin, CHEN Guanrong, et al.
Design and analysis of replica piecewise M-ary DCSK
scheme for power line communications with asynchronous
impulsive noise[J]. IEEE Transactions on Circuits and
Systems I: Regular Papers, 2020, 67(12): 5443-5453.
ALAM M M, ISLAM M R, KOOHESTANI M, et al.
Prediction of time diversity gain for earth-to-satellite
microwave link design based on real time rain intensity
measurement[J]. IEEE Access, 2023, 11: 53588-53597.
BORA A S, PHAN K T, HONG Y. Diversity analysis of
IEEE
Transactions on Vehicular Technology, 2024, 73(9):
14062-14067.

GHOSH M. Analysis of the effect of impulse noise on
multicarrier and single carrier QAM systems[J]. IEEE
Transactions on Communications, 1996, 44(2): 145-147.
OUYANG Shuiqing, LIU Guojin, HUANG Tiancong, et al.

Impulsive noise suppression network for power line

OTFS over block time-varying channels[J].

communication[J]. IEEE Communications Letters, 2024,
28(11): 2628-2632.

WS HEA: 2025-02-24;

&EIHEA: 2025-05-30

EEE

4&4 /Nl (19877)7 %9 T@':‘:a 5’]%’)'(351» %ﬁlﬁiﬂ;, Eﬁ_

KA G HFEE M, K &% %, E-mail: daizhou87@qq.com

FEAEAL (1986—), %, @fEHH, Hd, a2, R

Fr ) b W KB AT R AE B R % E-mail: chgx86@126.com

(%h#E # W)



