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Abstract: In order to solve the limitation of low information transmission rate in Direct Sequence Spread
Spectrum (DSSS), some techniques such as multi-band spread spectrum and index modulation appear. Because
the additional information in this series of technologies is mapped by pseudo code transformation, the larger the
modulation order is, the greater the complexity will be, and when the complexity of the system is limited, the
modulation order will not be improved. In order to overcome the limitation of high-order information
transmission rate, an UltraHigh Order Code Index Modulation (UHO-CIM) method with low complexity is
proposed. The multi code set index is carried out by two-dimensional information grouping, so as to reduce the
number of channels, and then the cyclic shift index is carried out by three-dimensional information grouping, so
as to improve greatly the transmission rate without increasing the channels. Moreover, the relationship between
shift channel and non-shift channel is used to remove the environmental impact. This method can not only
effectively transmit multi-dimensional information, but also reduce greatly the complexity compared with the
existing methods, and has obvious advantages in comprehensive performance. In addition, the existing methods
are difficult to achieve high-order and ultra-high-order information transmission, while the proposed method
can achieve ultra-high-order information transmission with modulation order greater than 15, which provides

reference technology for the efficient spread spectrum communication applications.

Key words: Direct Sequence Spread Spectrum (DSSS); Index modulation; Ultrahigh order; Modulation order

WOk F 39 2020-04-28; 25l H 391 2020-12-09; 4% iR 2020-12-23

*EfEE#: XI5 2zhqing1019@163.com

HETH: FEKERE IS (61501309, 61971291), 1L T4 H AR 3 4:(2020-MS-215)

Foundation Items: The National Natural Science Foundation of China (61501309, 61971291), The Natural Science Foundation of Liaoning
Province (2020-MS-215)


http://radars.ie.ac.cn/CN/10.11999/JEIT200318

7 X1

o
&

o IR R IR R RS R 51 T i 1923

1 5§

HERFIT BV EERZE. LT, &N&
BIAS IS, SR AR A AR LU a5 540
WA BT, NI B R T 5 R H A B AE BAE
R RSN R, Rk, R s AN 7R
e E, I T 2ty 5 Gy ) oLl EMBOK
FiAROS, HAMIDE S 2 N IES DA R, A
O WA 2 T A E L, T IR A B e
S, oA RS L, BT CUE B R Ay
FIHZE i E . T2y, I T IHT
HAEY B0, HAE SR BN, —3F
WL N — AN, 5 i RS 2 AN
IAAAE B, SERIE iR THE B . i3t
—F, PEERESEEERERNER, HI TR
S O AR, FHO 5 B LR i R e 1
Ry, FRIIEHEAGES, kR HEESS
FERBUIMIRER, MNMIT RA LR R REERL
Ko 1ESE BT &5 PR & 7R R fTRE R
TP, HEg 2Rk 1)t
HAr & RS H AR 25 A3, B E R 5]
Hil FEBE RGP FRD R s BYIE
EHE RS RS R RG], HAER A H
KA A Os S 7 S E N —Fh & 51 5L, RIS
Uity I S LLRE 1 S BN R4y, — (5 B
FR@ W RIS S AT, S B R
WL RS R 5] (Y5 ) BEAT AR 5. TR R 51
B, SOHZEHIL TSR 5 R Y R M,
DL K2R 51 - 22 o v v g 4y e T, e s O
T AR EA R SIS 7 EL T B A T
Z RS R, 1RO RS B R EN
PRy Rt e 55 B AT 45 BB, a3l i A D g 2R 5
AR5, WIS 15255 R E R P [H 1
BRSPS HEA T A 2R TR R T I ZE R
L4ESE N 2248, B4 In24E(E B ML bRy, shkoy
ERTURH 2GR LR R e R . FRIRREEVEHE, 28
M52 82 24 BE W) /R I PR ], A5 BAR S R AR ME A e
Tt

AT 0L, H AT gy AR SR S R AR
HBRAEAL G (14545 5 JEmE L, BRI fay i 5345
B, s BRI R 51485 BAR BRI EeE, &P
PHIE e T ARG EReniEE . BAREATTVETT
PLEGEE (S BAE R, (H TR E S A S s il
AR SR L 1), L A i B BBk, D Al B IR
A, FHOCIHIE AR, IERT RS E AR
K. RGBS ST PRI, 8 i B 2t
VRS T, B 07 iEE R R I BOE AN LS,

P BRI AR ML 210, Jyikt H AT 518 HlBOR
I 5 v B A5 AR A ZR 3R T+ TR T A il A

SR, A (S FRANL F BRI, Y
WAEA R EAR M S 2 BRIR S, B 2L
2000, ZNHEESE, Bk, RERERSIER
SIRGIER I . Sk, RO KR =
AR R, MR mbE B AR 2 IR, A
SCHR S — TS 2% FE R B A 2R 5 1 (UltraHigh
Order Code Index Modulation, UHO-CIM) /5 7%
2 WENEESEH

WAAGEY KEED: (n) HIERFER, HEE
ARy, UHO-CIMIJT LM T 2445 B.D; (n) F134E
FEDs (n), HABRREEI AR MR FIH R
Ryt S24ER $k, M Rs 5 Ratt BE34ER £

Ry

-2 1

k R, (1)
Rs

- 9

n= (2)

DME G EY M5 B AR ROy LR, A I 2

AN(3), Bk, SRS B AR R EON L+,
AR BAE 2 R A (4).
A=k+p (3)
R=(1+ARi =R+ R+ R3 (4)

AN BT 2 8| b 024 = LD (n), KT W
PR VU, A9 I BB & o 20 £ S35
S, AL Bk, iR, Hiell 3.

1, EREH
“_{mkﬁﬁﬁ (5)

b=k =20 (6)

B, AN, EALAE B D2 (n) 7
S, FEIHNFTRNAE B 24 NS k(S
By 3 NEERIkAE R, ws(7)

Dj (n) = Dy (1,2, k)

D3 (n) = Dy (k1+17k1+27'“,k1+k2)} (7)

D3 (n) = Dy (ky + ko + 1, k)

HFRAL(E B D2 (n) B/ A3, TR B i
3L EE S CL, C2RICS, /NS T 44
HEAS AR R, BB DA RS AR A Hh O B 11 2% 2
M;ans(8) o, Hrpie [l 3.

M; =2k (8)

M4 CLH AT Mg ANTSC, (n), j1 € [1 Myl;
A C2H M ARECS, (n), j2 € [1 Ma]; 5
C3 M 26 hHLCS, (n),js € [1 M3],



1924 H 7T 5 8 B % # F 435
B2, RN R PR AL ki A5 DS (n) i S (n) = Dy (n) C (n) (17)

AT RE AL B, s (9) s, A — 4
2 M SOy IR IE J;, Hhbin2dec [ Dy il e
et AL B R A

J; = bin2dec [D} (n)] 9)

P 3T DM 7 B 4 o ik DR RS CY, (n),
a2 = 1F, 7E4EACLH FIM&HTYCY (n)h
ethjn = JOBRE R ARLCY, (n), Fitt, SRS
BAMEA R 5] 3% D0 g, HEIT 521354 it
ﬁEl,Cf,i (n),ie[l 3,

TE22E(E %“%[%ﬁbﬁ%LiﬁiE‘J%ﬁﬁL HEAT 34k

BZl. aR(©2), MR R ZEI ub
3%{M\(> ﬂﬁmuDﬂmw%%%ﬁ,ﬁﬁ%
1% B Sy

m:{VQLJ’l:l (10)

p—p,l=2

BRI B3 4E(E B Dy (n) b I SBLAAF B
DY () R (1), Foob IR, Hle(l 2.
D?l) (n):D?) (172""’M1)
D3 (n) = D3 (uy + 1, p1 + 2, -, 1) (11)

B AN B P AR AL s A5 JE.D5 (n) AT 38 )
Bhb B, MBI R R S A
f1 = bin2dec [Dé (n)] (12)

BT 24E (5 B R 5 HIN3%WLCY, (n), F
FHEARCY, ()i, FE0F S5I40 00 R D Y, (n)
BAT IR R A B AL BIFY, (n), BFle12], i

€ [13], Wik, 3%y MAILCY, (n)h 12835 N
C3, ()BT R AL AL HE
Fj, (n) = shift[CY, (n)]

oo, shifel] OBERATRS filL (I TR R L
HEb, J4 3% ITOHET BANALEE, 195024 A

i 2 B £ B R C ()
C(n)=F} () + F3, () +C3, () (14)

5, RAFHRFIFC (n) X 24 BTN R 1443
Dy (n)BEATH ST, B3 REESS (n).
B(n) =D; (n)C (n)
=D (n) Fj, (n) + D1 (n) 3, (n)
+ Dy (n) C3, (n) (15)

(13)

S" (n) = Dy (n) C (n) cos (2mwn + 6) (16)

EB, B B s S S (n) HEAT R A
JEPERT IR AL R, ALBE S HIME S 12 NS (n)

FIH ZH kv Lk e i 4E 5 C1, C2H1C3, 4
HCLP A Mz SC), (n), j1 € [1 My, S C2r
G Mo ZANRLCS, (n), jo € [1 Ma]; G C3HH Mk
AECS, (n), js € [1 Ms].

B, AEIHEAUESS (n)5 ME&iLo;, (n).
Mo 2T CE, (n). M3k A5O3, (n) HEAT FH47T 4 56
IBE, MMARIMAACERX] (n), Mo AR
RXF, (n), MAMRGERXS (n)

X2 (n) = S ()« (n)
ij2 (n):S(n)*C]?2 (n) (18)
X3, (n) =8 (n) = Cj, (n)

He, «NHKEHEFS,

TERREE R X, (n) BT R UERI L5, B

THEMALX], (n) i A 20 5 K WA 5 <7 2 08 1) L

EP,, A, (FEERMAMKERXS (n)dhM,

AN EE P2 Mg AR R 45 X2 (n) Fp Ms AN 35 L

P, i, PRA AR it s s
P} =PRA [X], (n)]}

P}, = PRA[X7, (n)] (19)
P} =PRA [X? (n)]
FIFH MAN U3 L P E SR RSB Hy, 5 M

ANP? . MsA PO ATERKEIBIEIZH, 155 Hofl Hs,
Herprchannel [Py B KAE X A B 15 ER £
H, = channel [lel]
Hs = channel [P]i] }
Hs = channel [Pji]
FIFH Hy, Ho A H 34T 364, o3 A5 BlkAr
(¥ 3 HIME B ES (n), Horh, dec2bin [PAy- ik i #%

(20)

e I R L
Fi (n) = dec2bin [H]
F2 (n) = dec2bin [Hg]} (21)
E3 (n) = dec2bin [H3]

Rk, i1 ZE 3T HhoKe B25 (n) REAT B H 15 21 A
Mr i B 4245 B B (n)

EQ (TL)
{E5(1),E5 (k1), E5 (1),
) E2 <k2>,E§ W) K )
{E5 (1), By (k1), E3 (1), -

E2 (14;2) 5 (1), B3 k‘3} kI EEL
BE—2, R Hy, HofHs, MAHICEE ik
X, (n), X, (WFIXE (n), IR X, (n), X (n)
FXE, (n) WK EAE AL pi



T oI55 — MK % BE R = B 2R 5 ) g 1925
p1 = channel [X}ql (n)] E} (n) =S (n) 0213 (n)
p2 = channel [X7; (n)] (23) ~ D (n) C (n) C}, (n)
ps = channel [ X7y (n)] ~ Dy (n) F} (n) Cy, (n)

ZREfE S m T, WRRRTRES 5 K ig
WA, T Hoxt T BT 3 ) i 72 52 i AR AL
I 25 3 (14) T H 3OS AAAAE3YESS BT 2R 5] i
¥, Bk, A padtAT iEe ZE T8, BRI
B3 PR 2R R A (2 RO RE D

Apy = p1—ps3
Mg = o 2} 29

A Ap R A po AT 1 11l 5% A3 2R AT 1) 34EAS
B E5 (n)IE3 (n)

E3 (n) = dec2bin [Apy]
EZ (n) = dec2bin [Apg]}

I, DNLZ 24K 7 F s (K ES (n) BEAT B $243
FfRHTI IR 234 (E R Es (n)

B3 (n)={E5(1), -, E3(p1), B5(1), -~ E3(u2) } (26)

FEfRAT24E . 3YE(E RIEAl |, BEAT14E(E BARY
FIFHHy, Hofl Hs ¥ 34N W AEE TE XS (O T C, (),
Ch, (n), C, (ML R, IHxIChy, (n)BEATIRI /2
BApL, XCF, (n)BATIEI LR Apofis -

Fj;, (n) = shift[Cj;, (n)]

—An 27
F2, (n) = shift[C3, () _Am} 27)

BT, R Fy, (n), Ff, (n), Cf, (n) 543 5
MBS S5 S (n) TR b FE, [RONHy = J1, [Hik
F} (n)5F, (nWEAEMNE, Ak, WTLME D (n),
LAt 38 1 [R)HE T AR AR R Dy (n),

Ej (n) =S (n) Fyy, (n)

~D; (n) C (n) F, (n)
~ D1 (n) Fj, (n) F, (n)
+ Dy (n) F3, (n) Fgy, (
+ D1 (n) C3, (n) Fy, (n)
~ D1 (n) + D1 (n) F3, (n) Fgy, (n)
+ D1 (n) C3, (n) Fy, (n)
~D;(n)+ N (28)
E} (n) =5 (n) Fi, (n)
~ D (n) C (n) F, (n)
~ D1 (n) Fj, (n) F, (n)
+ Dy (n) F, (n) Fir, (n)
+ D1 (n) C3, (n) F, (n)
~ Dy (n) Fj, (n) F, (n) + D1 (n)
+ D1 (n) C3, (n) F, (n)
~D;(n)+ N (29)

(25)

n)

n

+ Dy (n) F3, (n) C3y, (n)
+ Dy (n) C, (n) CF, (n)
~ Dy (n) Fj, (n) Cf, (n)
+ Dy (n) F3, (n) Cip, (n)
+ D1 (n)
~Di(n)+ N (30)
e, R3ANEEMY 14EE S D (n), #H47
PR A, EEMEIERAEEE (n), K
[N S AE A AL 3 R A

> B (n)
i=1

E1 (TL) = ~

bin
3 WUESSHR

3.1 ENMHSH

T BAmE RGN, AW ER I
BLFR bR O WE S L R e, NI XT 34N IS AL CL, C2 A
C3rh R M (Wi KW L Py, Pr,, P, ib4T D
R, MM AEHI RN RIGEMSEN: &
D E 210.23 MHz, 1485 B# %1 kbit/s,
Zt A1 ms. W UHO-CIM J5 ¥ i 2 45 41 b %
k=6 34EHIM Fp=20, WL RWEIFIR.

WELR W, P, Pf,, Pir, 7B {5 6 L3
KR, EAHEMEMELL R =& A ZE AN i,
M H =40 LEE S ML KT 17 dBSAE R 2 1]
FREER, FRReThik. H—SagiahEy, 1
WkNFTHICRAEE, pBUEKE /N, HE F
bt >-17 dB, UHO-CIM J5 %4 n] BLIE 2 ] iR 2
K, FHEmThA e, ik, #WUHO-CIM T i M
HEN>-17 dB.

20 -
=
5 10 /
£ [
5 ﬁusee«g’%‘! -1 =Py
~A,
0
-30 -20 -10 0 10

fEEEL (dB)

P 1 g g R



1926 B 7 5

f&

43 %

2 %

2, w24 B Ek 86, 34E I
w20, TE3NMGHECT, C2RIC3HHIUME 2 Wl 45 5
WE2FT 7R, "W, UHO-CIMJTi:34Mg4E K #210k
MERFRAR ZE N B 5, i L AT DAFR 3558 s 1 WA MR
R, FmMAEg i, EHMSEEAT I S 3]
B
3.2 IRELFFR S

H 808N 771 8 CIMAI M-ary 7772, Al
I, XFUHO-CIM 55 CIMAIM-ary 77 £ 3E47 1%
AR LU BT o 24 s R I 25O R 5 T 1 3 PR 26
WE3HTR

IO, BEEAS M LRG3 T VE I R LR
R RREACEE, BIPERE R . X 1455 R
W RS, BT UHO-CIM 7 i#E47 THE1EAL
P, HAR R R ISR T M-ary MICIM J5 7%, F B
UHO-CIM /7R8I T 14515 B ARG Re . 6T
ARG RIRRERIN S, BT M-ary 775005 B A%
R R IEAR, T HE AR, dhmE 7 —
SRR LR, BRI M-ary 5 ¥ B SRR B R 0
K FUHO-CIM, CIMJji%; 1MUHO-CIM 7k
CIM 7 ) A iR LR e i oL, BHARBE & T
M-ary/77%, (HAREH EBARMR LR R ER .

2SI AN V100, 5% PR R g5 SR &4

1.0

- Clffe
0.8 02{]55%
PR — C3fFsE
= 0.6
=
04
0.2 -
-30 -20 -10 0 10
{ZHELL (dB)
2 SRR 45 R
10()
M 1072
;‘E
e
T
106

=30 -25 -20

fE1LL (dB)

--- M-ary 711485 5
M-ary /7 5 B B
e CIMUTVE 1S B
CIM 5% Bk B
—+ UHO-CIM A 145 5
— UHO-CIMJ7i& a5 2

3 A=5] [ dd 3R 0) El 4 SR

-15

-10

N, ATUL, BEE SRS RO RIS R, 3RO iR 14E
B RAR IR R MBI B 25, 71 ZUHO-CIM
7SR T M-ary FICIM J5 i T AT S A4 Eb A
KN, MEEREIMENIH K, BT UHO-CIM
T LR AFAE24E RIS AL BRI, R bt s A iR L ARy
RS 2 RS, T ELBHE KT CIM ik, B
IEM-ary 771k . SRR B, 24 8008 i B £
MNBUNEE, UHO-CIM 7 vk 1 48R LU Rk,
Ref 0f, SRR RS S T M-ary J7i%, 5CIM
JRERT ;s 2l HIBY S > 108, UHO-CIM 7%
M1 4E R LU R AT eI, PERE S, TR LL ks
RN PR, BRALTCIM %, S5M-aryJy ik
i, Rk, UHO-CIM 5 ¥ETE s A & B i 18 il
By, RERER MR R IR AR
3.3 EREREEMREST

FH TR 9% Ak FEE T8 50 S A B A B ) R
R, i, DR G4 H I 3 i okl 3r 5 24 5 1y
HIEb . MRS EI SRS BN — e,
M-ary J7EE 2B N3 (32), CIMJTVER N (33),
MUHO-CIM 7 854 30 (3) nT 15 2B 4tk = A —

HETT 45478 (5) IR (6) T LAAE Bk, koRilks, MTiAE
F|UHO-CIM VLR R = (34)
Etary = 20 (32)
oy = 202D (33)
Eumo = 281 + 27 42k (34)

TEA R PR REE LT, 26 8 i B £
NAARBYE,  3Fh i 5 2% B B & SR an &5 B,
AL, BEE SR BRI K, 3R VA S R
2GRS, MR R E X M-ary MICIM 5 ¥4
HRERAHERZMW; MEREMESLT, M-ary 5k
MR AREHRK, CIMAFEMR T M-ary, 1UHO-CIM
TER RS AR, WIRAPERE R . 4 B 4L

1 00

102

PEa S

10

100
=30

-25

-20

{ZEBeLL (dB)

--- M-ary 5 14E(5 &
M-ary 77 i B & (E B

----- CIM A E14E R
CIMJT i a5 8

—+ UHO-CIM A iE14(5 5

— UHO-CIMJ7 i a4k 15 B

4 =100} 3% LU 0 L g5 R

-15

-10



7

A7 MR AR IR R TR R 51 R T 1927

MNNE BT, B&EX g RnEef~, Al
UL, B R B S o B M-ary A B A4 B
Bk, BACIMAERZEHERL, HEAETR
B TBOK 5 R 45 B A) W,CIM 7 HE3E &z izt 15 T UHO-
CIMT VL 44 B, T A R E K N UHO-CIM
B, BB E. 1, 2%t hE
B, M-ary /775 AICIM J7 3% 08 2% B #1550 1 il By
MNFEAEEREFR R, MUHO-CIM %) B 28 FE 5%
ki, koflks5Zmm, Tk, ko Mlkss2il i\, pitHA45 3]
), Bz /N TN, FIEUHO-CIM i 1 2 44
PR, 1 HBMREE, Wk, kFlksiN, F
UE A B 1 e R R T

W, FERLIAGR VA — RS
TR, — AN T AR R B AR
s NIRRT ZEA TR RE TR A R AT IR A R A = B

1200
1000
800
g
# 600
400
200
0
Elillone '
—<M-ary, F 8 & AEATE
--- CIM, R & AN EAE
— UHO-CIM, FlR&E=2°
-= UHO-CIM, ! R =21
UHO-CIM, & =2"
—UHO-CIM, f R &E=2"
— UHO-CIM, R &E=2""
5 A AARBI A 52 2% FE X L 45 1
7000
e
E
1000 —
0 u;
15 20 25 30 35 40
12 —mMmMmM—— SR IR 2
10
I
X
~ 6
i
5& 4
!
2
0 10 20 30 40 50

ISSIE LT

— M-ary, A 2 8 NTT{H
--- CIM, R EAATATE
— UHO-CIM, R &5 =2°
UHO-CIM, i H&E=2"
UHO-CIM, & FE=2"
—+ UHO-CIM, 1 & g=2
-+ UHO-CIM, 1 & &E=2"

K 6 Ay maliing S A% EEXT gt R

A+ 1547 BB RESH A (Performance and
Complexity Ratio, PCR)WIzU(35)frax, M vEAT
T7 R AR . PCRBE K 224 1 GE 4T,
HPCRFNIN NTEAITIIR, Bl R BIZRA I 5 41
HACHTAHEENY, SR VEREIA ST IR A BRI,
PCR::L;;E1 (35)

FEANFPRREHIT, 28008 6 BB K
BroGoe T, 3F 7L SR & EREP CRAT LL 45 S 4n
BT, Al BEAE S E BRSO, CIMJT
ERIM-ary 77V PCR— BB S I AR S, 1M H,
HANT L, LRETERRIRZE: T BEAE S B A 1) 3
K, UHO-CIMJ7VEN 2P RSy, 1 Higz KT
1, ZREtEReARF R, AHRLEHHIEAR, M-ary
HEMPCREME, CIMAEMR T M-ary ik, 1
UHO-CIMJj VA PCRIZZE i T HAB PRI %, 45
HrEReREr, MO EERFEA(35) MR, HT
UHO-CIMJ7 % [ & % B i i A% T CTM J5 ¥ A
M-ary J7¥%, Bith, Zi&PEREPCRIGIZE = T CIM Ty
1EFIM-ary 7%

BE—, BEEEI BN BT, 2R TERE
PCRXf LS SR an B8 Pz, WL, 24 50 ol B 4
MESB G, BEEMNOHE R, CIMAIM-ary J7i%
PCR—E# £I RSB, mHZE N T1, &5
G IR

ifi ., E8FT/RUHO-CIM 7 EEAA i FF
AL R R B U B A I ] i
K, HRetHELE, HARUHO-CIMITIEEN AR &
B 90 B 2 I AR 3, H2 P CRASAR @ izt 5
THAP RV, W HBIEE ST, A TEReR
PR . BRI, UHO-CIM i ikMIZEAHaE
PCRig =, 1M HM REBKPCRIEREMLF, B

2.0

1.5

H:AEPCR

<o

% 0.5

ST E

—~<M-ary, 1 RENEAME
--- CIM, FH R ENAFATE
— UHO-CIM, B E=2°
= UHO-CIM, & &E=2"
UHO-CIM, fH&=2"
—+UHO-CIM, & &g=2
-+ UHO-CIM, & &8=2"

B 7 A9 (RB I FPCRXY L 45



1928 B 7 5

e
HE

i 43 %

MNEBEW 44T, UHO-CIMJiERIPCRE BT
@, HRE T, Wi FHA T, e
[FT/

BJa, HEIEE R KT MR R EAT] 5
BRK, A, MRGKZERESZRE, #4735
T3V REAR B R BB B PERE > B, KPS S
EIOF7, WL, RGREHESZ I A% BB 30 77
TEREIA BB SR P B, (5 B AR R
B, ERM KBRS, EMAEREHRLT,
UHO-CIM /7 V%R 1A B i i Hi i $ ok, CIM
THEIRZ., M-ary 778 1 HAHCES AN B EioR,
UHO-CIM J7 ¥4 g 18 2 i U8 il i Btk k. [
I, fEEAEZIRE, M-ary /7 vE1R M 2 2 18 i
M >10, CIM 7 VAR XTI 20 H B £ > 15,
TMUHO-CIM 7 3 U AT DS 3R w5 () 22 4% i

BT, MEREZRE, 3SFOTIERISEA R
PCRMEREWIE10F7~, WL, AMHREIERERBLT,
M-ary FiEFIPCREAR, CIM LIS T M-ary /5

8

6

4

HHEPCR

{o

&2

0 10 20 30 40 50
S

—<M-ary, F RENEMME
--- CIM, R ENATAE
— UHO-CIM, 1 & &=2°
-=- UHO-CIM, i & &=2"
UHO-CIM, fHEFE=21
—+ UHO-CIM, 4 Z&=2"
-+ UHO-CIM, 1 R &=2"7

8 NAE I P CRAT H &5 5

100

80

60

10 [t

0 20 40 60 80 100 120 140

—— M-ary, F1 R 2 AET{E

— CIM, R &N EME

-o- UHO-CIM, R E=2°
UHO-CIM, # & &E=2"
UHO-CIM, # & &E=2"

— UHO-CIM, 8 &E=20

- UHO-CIM, # & &E=2"

P 9 2% T 32 RN BE I B 1A i il B £

S IR B

[S N

TEREPCR
N W e Ot

<o
*®

0 50 100 150
=P ;-4

—— M-ary, F1 &2 RT(I{E

— CIM, BB N TME

-o- UHO-CIM, A E&=2°
UHO-CIM, & &E=2"
UHO-CIM, & &E=2"

— UHO-CIM, fl & &=2%

— UHO-CIM, fl & &=2""

K 10 244 E ZBRIFPCR MR

%, MUHO-CIM J7 ykiz it i T HAh p Fh 751, &5
Erieme A, M EA G R B, AR
PR . BEE RAREHEZ TR ERIE K, 3F 7
EPCRIZHT AR, P M-ary 7iAMCIM 5 V4R
TNF1, SEAMERERIZE; IMUHO-CIM T ATER 4%
JE <408, PCRABHETH 2 >1, ZiAMEREKLT, X4
B -400, PCRIFMG <1, 2GRS H I
B, HRW e T AP A L. ik, 48
ZJEZIR, M-ary, CIMJ5 VERI 22 & TR B IRAK,
A7 H AR Iz T SRR R e, S ME
RA%; MUHO-CIMFikgi B ERERi s, RIGHIHE
REEF R A H A, RIEINMER S

4 HEFRIE

R I E A MR, AR —
Tl e P BE 0 = Y 5 2% 51 I (UHO-CIM) J5¥%,
DAAE KR 1 2 2% SR I8 21 8 B R 1l B B 15 B A%
1. UHO-CIMFVEEAMET—17 dBZAF N ARREHE
RO SE IS BAE . S5 BIM-ary F1CIM J7 2
LR, UHO-CIM T VR thdss e e e, 0L
TE = B AR = B R R Y BB LR, R PR R AR
WHENHI ;1 HUHO-CIM 7 ¥ 3l i 5 40 ¥ iy
K AR E, SRR RBEE S RE
R A TR AR S, MW S, M-ary %
IR e 35 B SO H B B> 10, CIM 7 AR ik 31 20
HIBE>15, MUHO-CIMJ5 2 M ] DLz 368 v By
sz e . Rk, Z5AMAEHERE, KCHRUHO-
CIM T VESEIL T mrthfeds Bk, 7 LU RS 4
HAE N SRR S AR

& £ ¢ wk

(1] POLUEKTOV A, PINOMAA A, ROMANENKO A, et al.
Sensitivity analysis of a PLC-based DSSS anti-islanding



HTH R 55 MR R A R S 2 51 R 7 ik

1929

2]

8]

(4]

[5]

(6]

(7l

(8]

(9]

(10]

system in power distribution grids[J]. International Journal
of Electrical Power & Energy Systems, 2019, 113: 739-747.

doi: 10.1016/j.ijepes.2019.06.022.

FENG Jining, YANG Xiaobo, and WANG Jun. Novel LFM
jammer suppression algorithm for DSSS in FRFT
domain([J]. Journal of Beijing Institute of Technology, 2019,
28(4): 783-789. doi: 10.15918/j.jbit1004-0579.18088.

TRRBH, ZEI, xIHAE, S F ARSI S X Rk A2 4
WAES WM I[I]. BTF5EB%IR, 2018, 40(11):
2728-2735. doi: 10.11999/JEIT180087.

ZHANG Tianqi, YUAN Shuai, LIU Donghua, et al.
Accurate acquisition of High order double binary offset
carrier signals for high dynamic environment[J]. Journal of
Electronics & Information Technology, 2018, 40(11):
2728-2735. doi: 10.11999/JEIT180087.

EA, FOERE, TR TRk 2 0 ) B Y A YE S 0
T[] R HARREERR, 2009, 49(1): 13-16.
WANG Hang, GUO Jingbo, and WANG Zanji. Chaotic M-
ary direct sequence spread spectrum signals blind
despreading[J]. Journal of Tsinghua University: Science and
Technology, 2009, 49(1): 13-16.

ZHOU Feng, LIU Bing, NIE Donghu, et al. M-ary cyclic
shift keying spread spectrum underwater acoustic
communications based on virtual time-reversal mirror[J].
Sensors, 2019, 19(16): 3577. doi: 10.3390/s19163577.

LIU Fang and JIA Shiyao. Decomposition-combination
correlation decision mechanism for MBOK signals[J].
Wireless Personal Communications, 2020, 110(1): 207-221.
doi: 10.1007/s11277-019-06721-3.

K, BEE, BT, F. O @EWEETMBOKH KRGk
WESHIT]. TEERZEEWR: BRBIEM, 2011, 51(3):
400-404.

ZHU Liang, PEI Yukui, GE Ning, et al. Achievable rate
analysis of MBOK modulation system over UWB
channels[J]. Journal of Tsinghua University: Natural and
Technology, 2011, 51(3): 400-404.

BAE J N, KIM J Y, KIM G, et al. Performance of TZCD-
MBOK watermarking scheme in T-DMB systems[J].
Multimedia Tools and Applications, 2012, 57(2): 359-372.
doi: 10.1007/s11042-011-0740-2.

SO, FRREA. IATH A SRS ML TE T RGURADERERT L[],
RETREEHETFHEA, 2011, 33(3): 659-664. doi: 10.3969/j.issn.
1001-506X.2011.03.38.

QI Lin and GUO Lili. BER performance study of non-equal
probability UWB system based on parallel combinatory
spread spectrum[J]. Systems Engineering and Electronics,
2011, 33(3): 659-664. doi: 10.3969/j.issn.1001-506X.2011.
03.38.

XA, FRELH], ZBEE. FATALG Y BRZH Gold 7 FIAUEL
FIAH I S e [J]. A6 5 ME H R 2244, 2013, 36(4): 33-38
doi: 10.13190/jbupt.201304.31.liumd.

LIU Mingduo, GUO Lili, and JIANG Xiaofei. Correlation of
superposition Gold sequences and optimized sequences
selection in parallel combinatory spread spectrum system|[J].
of Beijing University of Posts
Telecommunications, 2013, 36(4): 33-38. doi: 10.13190/

Journal and

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

X1

jbupt.201304.31.liumd.

BASAR E. Index modulation techniques for 5G wireless
networks[J]. IEEE Communications Magazine, 2016, 54(7):
168-175. doi: 10.1109/MCOM.2016.7509396.

JAIN M, AGARWAL A, RAWAL D, et al. Adaptive bit
and power allocation for dual mode index modulation based
OFDM system[J]. Physical Communication, 2020, 40:
101093. doi: 10.1016/j.phycom.2020.101093.

DATTA T, ESHWARAIAH H S, and CHOCKALINGAM
A. Generalized space-and-frequency index modulation[J].
IEEE Transactions on Vehicular Technology, 2016, 65(7):
4911-4924. doi: 10.1109/TVT.2015.2451095.

KADDOUM G, AHMED M F A, and NIJSURE Y. Code
index modulation: A high data rate and energy efficient
communication system[J]. IEEE Communications Letters,
2015, 19(2): 175-178. doi: 10.1109/LCOMM.2014.2385054.
KADDOUM G and SOUJERI E. On the comparison
between code-index modulation and spatial modulation
techniques|[C]. 2015 International Conference on Information
and Communication Technology Research, Abu Dhabi,
United Arab Emirates, 2015: 24-27. doi: 10.1109/ICTRC.
2015.7156412.

KADDOUM G, NIJSURE Y, and TRAN H. Generalized
code index modulation technique for high-data-rate
communication systems[J]. IEEE Transactions on Vehicular
Technology, 2016, 65(9): 7000-7009. doi: 10.1109/TVT.
2015.2498040.

XU Weikai, HUANG Tingting, and WANG Lin. Code-
shifted differential chaos shift keying with code index
modulation for high data rate transmission[J]. IEEE
Transactions on Communications, 2017, 65(10): 4285-4294.
doi: 10.1109/TCOMM.2017.2725261.

TAN Yunsheng, XU Weikai, HUANG Tingting, et al. A
multilevel code shifted differential chaos shift keying scheme
with code index modulation[J]. IEEE Transactions on
Circuits and Systems II: Express Briefs, 2018, 65(11):
1743-1747. doi: 10.1109/TCSII.2017.2764916.

BRI, LI, ERE, S ARIERC-1GE SR G R
HLF 515 B3R, 2018, 40(10): 2331-2336. doi: 10.11999/JEIT
180023.

GE Lijia, JIANG Zhilin, FENG Sheng, et al. Non-
orthogonal-code index modulation[J]. Journal of Electronics
& Information Technology, 2018, 40(10): 2331-2336. doi:
10.11999/JEIT180023.

I, Pyl KBS, & 7 A —EE R S R[], LR
FH#FSE, 2019, 36(7): 2112-2115. doi: 10.19734/j.issn.1001-3695
2018.01.0046.

FENG Sheng, YANG Qin, ZHENG He, et al. Generalized
space code joint index modulation[J]. Application Research
of Computers, 2019, 36(7): 2112-2115. doi: 10.19734/j.issn.
1001-3695.2018.01.0046.

Ji: 2, 19795, FUR, BTATTINELGEE . PR SM.

BKHT: &, 19TASAE, BUER, W7V TSGR

SRS D75


http://dx.doi.org/10.1016/j.ijepes.2019.06.022
http://dx.doi.org/10.1016/j.ijepes.2019.06.022
http://dx.doi.org/10.15918/j.jbit1004-0579.18088
http://dx.doi.org/10.15918/j.jbit1004-0579.18088
http://dx.doi.org/10.11999/JEIT180087
http://dx.doi.org/10.11999/JEIT180087
http://dx.doi.org/10.11999/JEIT180087
http://dx.doi.org/10.3390/s19163577
http://dx.doi.org/10.3390/s19163577
http://dx.doi.org/10.1007/s11277-019-06721-3
http://dx.doi.org/10.1007/s11277-019-06721-3
http://dx.doi.org/10.1007/s11042-011-0740-2
http://dx.doi.org/10.1007/s11042-011-0740-2
http://dx.doi.org/10.3969/j.issn.1001-506X.2011.03.38
http://dx.doi.org/10.3969/j.issn.1001-506X.2011.03.38
http://dx.doi.org/10.3969/j.issn.1001-506X.2011.03.38
http://dx.doi.org/10.3969/j.issn.1001-506X.2011.03.38
http://dx.doi.org/10.3969/j.issn.1001-506X.2011.03.38
http://dx.doi.org/10.13190/jbupt.201304.31.liumd
http://dx.doi.org/10.13190/jbupt.201304.31.liumd
http://dx.doi.org/10.13190/jbupt.201304.31.liumd
http://dx.doi.org/10.13190/jbupt.201304.31.liumd
http://dx.doi.org/10.1109/MCOM.2016.7509396
http://dx.doi.org/10.1109/MCOM.2016.7509396
http://dx.doi.org/10.1016/j.phycom.2020.101093
http://dx.doi.org/10.1016/j.phycom.2020.101093
http://dx.doi.org/10.1109/TVT.2015.2451095
http://dx.doi.org/10.1109/TVT.2015.2451095
http://dx.doi.org/10.1109/LCOMM.2014.2385054
http://dx.doi.org/10.1109/LCOMM.2014.2385054
http://dx.doi.org/10.1109/ICTRC.2015.7156412
http://dx.doi.org/10.1109/ICTRC.2015.7156412
http://dx.doi.org/10.1109/TVT.2015.2498040
http://dx.doi.org/10.1109/TVT.2015.2498040
http://dx.doi.org/10.1109/TVT.2015.2498040
http://dx.doi.org/10.1109/TCOMM.2017.2725261
http://dx.doi.org/10.1109/TCOMM.2017.2725261
http://dx.doi.org/10.1109/TCSII.2017.2764916
http://dx.doi.org/10.1109/TCSII.2017.2764916
http://dx.doi.org/10.11999/JEIT180023
http://dx.doi.org/10.11999/JEIT180023
http://dx.doi.org/10.11999/JEIT180023
10.19734/j.issn.1001-3695.2018.01.0046
10.19734/j.issn.1001-3695.2018.01.0046
10.19734/j.issn.1001-3695.2018.01.0046
10.19734/j.issn.1001-3695.2018.01.0046
http://dx.doi.org/10.1016/j.ijepes.2019.06.022
http://dx.doi.org/10.1016/j.ijepes.2019.06.022
http://dx.doi.org/10.15918/j.jbit1004-0579.18088
http://dx.doi.org/10.15918/j.jbit1004-0579.18088
http://dx.doi.org/10.11999/JEIT180087
http://dx.doi.org/10.11999/JEIT180087
http://dx.doi.org/10.11999/JEIT180087
http://dx.doi.org/10.3390/s19163577
http://dx.doi.org/10.3390/s19163577
http://dx.doi.org/10.1007/s11277-019-06721-3
http://dx.doi.org/10.1007/s11277-019-06721-3
http://dx.doi.org/10.1007/s11042-011-0740-2
http://dx.doi.org/10.1007/s11042-011-0740-2
http://dx.doi.org/10.3969/j.issn.1001-506X.2011.03.38
http://dx.doi.org/10.3969/j.issn.1001-506X.2011.03.38
http://dx.doi.org/10.3969/j.issn.1001-506X.2011.03.38
http://dx.doi.org/10.3969/j.issn.1001-506X.2011.03.38
http://dx.doi.org/10.3969/j.issn.1001-506X.2011.03.38
http://dx.doi.org/10.13190/jbupt.201304.31.liumd
http://dx.doi.org/10.13190/jbupt.201304.31.liumd
http://dx.doi.org/10.13190/jbupt.201304.31.liumd
http://dx.doi.org/10.13190/jbupt.201304.31.liumd
http://dx.doi.org/10.1109/MCOM.2016.7509396
http://dx.doi.org/10.1109/MCOM.2016.7509396
http://dx.doi.org/10.1016/j.phycom.2020.101093
http://dx.doi.org/10.1016/j.phycom.2020.101093
http://dx.doi.org/10.1109/TVT.2015.2451095
http://dx.doi.org/10.1109/TVT.2015.2451095
http://dx.doi.org/10.1109/LCOMM.2014.2385054
http://dx.doi.org/10.1109/LCOMM.2014.2385054
http://dx.doi.org/10.1109/ICTRC.2015.7156412
http://dx.doi.org/10.1109/ICTRC.2015.7156412
http://dx.doi.org/10.1109/TVT.2015.2498040
http://dx.doi.org/10.1109/TVT.2015.2498040
http://dx.doi.org/10.1109/TVT.2015.2498040
http://dx.doi.org/10.1109/TCOMM.2017.2725261
http://dx.doi.org/10.1109/TCOMM.2017.2725261
http://dx.doi.org/10.1109/TCSII.2017.2764916
http://dx.doi.org/10.1109/TCSII.2017.2764916
http://dx.doi.org/10.11999/JEIT180023
http://dx.doi.org/10.11999/JEIT180023
http://dx.doi.org/10.11999/JEIT180023
10.19734/j.issn.1001-3695.2018.01.0046
10.19734/j.issn.1001-3695.2018.01.0046
10.19734/j.issn.1001-3695.2018.01.0046
10.19734/j.issn.1001-3695.2018.01.0046

	1 引言
	2 超高阶码索引调制
	3 验证与分析
	3.1 适应性分析
	3.2 误比特率分析
	3.3 复杂度及综合性能分析

	4 结束语

