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Abstract: To raise the spectrum utilization, a modulation and demodulation method called modulated Direct
Sequence Spread Spectrum (m-DSSS) is proposed, which assign the period of m-sequence to be equal to the
integer multiple of data bit. Firstly, the feasibility of m-DSSS signal acquisition is verified by numerical
simulation results of correlation. Then, according to the permutation of information bits, a multi-channel signal
modulation and demodulation method for m-DSSS is designed, and the mathematical model reacting the anti-
interference ability of passing through the additive Gaussian white noise channel is established. Finally, the
simulation and contrast test are carried out with Codes Shift Keying (CSK) modulation under the same
spectrum utilization. The simulation results show that m-DSSS signal not only has lower side peak than CSK
signal but also can assist signal acquisition by judging polarity when BPSK modulation is adopted. When bit
error rate is better than le-3, m-DSSS signal has more than 2 dB advantage than CSK signal, which verifies the
feasibility of m-DSSS used in DSSS system.

Key words: Direct Sequence Spread Spectrum (DSSS); Pseudo-random sequence; Modulated m-sequence; Signal

modulation

Wefis H 3 202007-21; SURIHM: 2021-02-04; AL 2021-03-01

*EfEE#: [H#E  byQntsc.ac.cn

e EERB AR S (11873009)

Foundation Item: General Fund of National Natural Science of China (11873009)


http://radars.ie.ac.cn/CN/10.11999/JEIT200600

8 1

WA — P T i m 7 91 () B B9 0 5 R 1 O vk 2157

1 58

EE R PUEGEH AT, BT PR & H
A7 BB A LA SIS AE — e ), HE
G NHT RSN B R A A A0
R Al O ERAR R 8 T A 25 DA SR b T
REJ1, TERGEETHT HuEE R+, B
J7 B0 A RS AT s i 2 38 I K TS B R,
—AME B EURE TR B S T TN A A O BE LT 41,
FECAEEFEZIR T OREALTZI R, ASRei 2 &
HEAE IR R B0 EYEE RS H R B
K—AR, EFRENIICHRZHR, Tk
FE Ry N e 10 AT A
PR RS 2R 5] 1 o 34N 7 T

2 BEH AR g RS A (BT A,
SRR B 15 AR B AR B Ay — kAT 0 A
T — AR WL B — A7 S BN NI BEN LT 51
H, —IFTREM =2 K EENLT S, X — i A
P T (Nym) g, 1% MASEHE 7> 4H0T B MR B IE
SEHIDBENLT B, 3% MAS D BE N 51 285 205 R 1
JEABINTE B — N RAEFE S, Fescom T e e i e i 3
A5 5 K FH 5 R v AH [  MASAH B IE A (R Dy B AL
YT HATHRIE S,  BIATAdif i M B R,
Rk, 2 3R St ik 1 5 D R AL 51 5540 T 1%
firlogy [ M| bitf5 B . RN L PEENLT I BTIR, 3L
R [6-10] 5T F A R PEREAR R T A2 457 7 Z1 A 7T
T4 (Code Shift Keying, CSK)HIF A,
FESLEEA b, SCHR[11-14] 2 — R O BEHLF 51
T2 bl e A B TR S SR T AT A A
A . BeAk, SCER[15-17) 8% R G 1t
i INSRZIE ST e vA- 5| I CoE Avi il E 7B S i o3
J& T 5 — MR 5] SRR o

IR T 2RI, FHATHEY LR
SR HAH S 7T # 2 FE T CSK ], N CSKIA il
JT FH B3 A5 26 2 B[R] — 25 DA BEATL P 51 3d i 22 B i
RN R, FSOLAE A bR A A [ 76
ALY B AT RIS, FEALES o S AEAH O
IBHER PR, N R AR B IR SR A AL
f Jr BUBCRE IS, 3K S ) g 42 30 A 0% 32 06 i KA
5 5 1& B R R R I R BORN A . ARSI
TmfPs, $2h 7 —FENBEYLT P ES T &
LU AR T8 BB DL T I B A S5 5 A
fi#t i 75 7% (modulated Direct Sequence Spread
Spectrum, m-DSSS), & 5&% i il m 7 F1AH o P gk
T, Bk 7 H AT EY G RS 4T 1%, b
J WA 5 38 e P v BT 1 R A S A TR R A
AT THIRHES, JHER SHPRANRMS RN TS

CSKifA#I 7 st A7 1 5 B ke . {h Bk 4 )
W], m-DSSSi KI5 CSKHHI A b A AL %
g%,
2 [EEEHIEE
2.1 BHIARENLFFIE X
WELETR, PABELT 55 (5 B Es 2 BUE
1B R 5, SR BENLT P E S TE B
FOREO 8 B I, B D BE LTS0S iy 5145
SR PRI O 5F S AR, U S AE 115 B L REA
X N D BEATLAD 7 51 v B AR PR 2B 180°. Utk
R AT RS R 3% (S B Oy BEMLE 5131 T
W A SOR X R 25 B EL R R S S D BEHL
HlwE SRS BENLT 51 .

J5 46y
BEHLFF 51

fFRL
g e-1 bit--»

IOy
BEAL 1) ’ ’

K1 s DY 1R =

A B SUE(E RS 2 K H A
Rt R B Oy BENL T ZUAE A Hiks, fFEWalsh7
NS m P F I Rm A 2 AR R B A O
e, ASCE ET U TR T A BT A
&5 G R AR )7 7%, 78N X R Im-DSSSIE 5
W T7 .

2.2 {55 3HI[EIE

WRIE2. 1 HH BT FI L, LA10Zm 7
FINB, Bt 3T 8iEIE m-DSSS 1 il J5 HE 4 &2
Fime 10%my 5l i h21°-1=1023, "4 A
34H, FHA34INMEGf, BILAT A 23 =825 Hilm 7
o FRAHm T A AR T IE MR IR, HR
m 7 F BN 0D P35 7 34, 43 % 3L AE
B, —3L4000, 001, 010, 011, 100, 101,
LT10FI1 11X 8P A B B, 45 BRLELAY Fr %) A5 S b
R0, MIHUSAH; #5XRAE B EEREA,  WERREFRIAE .

K27~ 8B I m-DSSSTH RN . 14
BIESE0/ 115 B LR AT B e, — 334N
Fe—2, BILBEFERIFIRMSMHASEN: S,
S T R D SN S s I 70 8 D s WL e




2158 H 7+ 5 & B

e
HE

i 43 %

A H B

F 1

Al m 1)

ZIRIE R COSW,,

e T 1 |

1
S )

1

15 B AR

AR

1

K 2 ZET 102 H m P AU A5 5 R il J PR i

F 1 10RFEFmFINSESLEE R X FR

FIALF5R FAEAS5R FE3AEEH 5
FEREAES mPFNSH mFF5 NS A mFE 5% NS A

HIARAL R R HIARAL R 2R HIARAL R 2
000 A A S A
001 S S A #
010 A [F)AH S
011 S ki A #
100 [F+H S S
101 A S A #
110 ) AH [F)AH S
111 [FAH [FAH [FAH

SR RE, ¥ K 1S B H R S A 9
mFF A R, K R m 5 AR A
e, HEATBPSKIAHIE LRz 2

A5 L2 M3 T3 bit— 20100 (5 5 U B 4
) B (S5 U 0 8 O A 0
d bitsr Ny, 4R M A RO B
(it Cizs o Ciale SR, A 204 FL AR I B MO S
SR 2R B, TR Sk R
R(DFR. R, PNITAEE— R WA
AN I B, T2 m R Bl — A
LR R,

d
s(t) :Z

i=1j

. (t - QSJ I+ k) Tc) cos(2rfot) (1)

d
> > CijxPN

1k=11=1

Ci1 0 0

0 ¢ .
:/H\:EP’ C’L: : . ) : y‘jdXdﬁ/‘]ﬁlgF‘o

0 0 - ey

2.3 FFIESHEX MRS

— Mngm 7 H] E AR B EUE R {1, -1/
(2" = 1)}, HAHENE MR HEED, K
FHOCVE AR m 7 51 A i 22 T AR () P S5 kA o
R ST H, BT REAE TR A
F B ARG RSO, SR/ F
FEy PR ESE S R m 7 F0 A LR vT R R AR ARk . [
B, R m R A A D e X DLR A BeAR B vk
fhtH A R EGE R, (H AT 8 $E 15 A VRS
FIHA M EER R

T St B F 5 Z1 B R A R U A ek
TR RN UARZ T ' + 22 + 11
m/FHNE, e ARSI NA, AR H
EH B RO P A8 4 il m A1 {AW,
AP A AW = — A, A® = A) i[5 A
KAl B B3~ . AT, AR A 84 i il
m 5 H{AD AP - AOY B4 RIF I A
AW € {1, 8} f B 58 4= A AH Bl & 58 4 A, #H
KRB F I N41023, TE T35 Mg HE; A5A0
(1€ {2,3, -, THIAS 6 RiA1/3882 /31 s AH, AH
5 PR B 3418341, 8 EE T 55 (.,
LA AT — W HImF 5 AV € {1,2,--,8}), L
AR B HA R R, RTRIEAESH.

T B A A AL AR A R 22 O [
m 7 F1 BT = A R i m 5 B REAT R ST BT



8 1

WA — P T i m 7 91 () B B9 0 5 R 1 O vk 2159

B AR Z R + 2t 4 2% + 1FTE R m il
NB, A5HBRA K FTA 8% I m 5 51 f{BW,
B® . BOV KA B4 R EAFT R, AT, A5
{BW,B@ ... B} WK I 7E[-100,100] X 7] 4
Ak, R T ESH IR E T EE, RIH
ROF B B AR SE o 5 5 A 4 il X B A — 1 1)
m/FHIAD(G € {1,2,-,8}), FHIC ) F AL A KL
Ry, 4,(0)=n

n
RAiA]-(O) =n—-m [EJ
RAiAj(k) <Ln
RAiBj(l) <n

K@), AFIAGZ HmF A AF= A B %A
W5, By Hm 7 5B A i 6y 51, T\
S ) m e A O U B KB g, TR AR M e
M E % n —m[n/d|(m € {2,4,-2[n/2]} ) K 3%
o Zmo=21F, RSN ZESENMEN
2(n/d]. HIL, 2G5S HTIEE S (n/d]R,
AURT DI I 4 S S e f KRR IR AR R
SERAE B o

FECSK T 30, 4I5S M A m 5
S 5 A M B m P S AT R RIS S, RS
DI A A i, M e E g, T
i CA IS IR HEAT U Ben Am 41— A e
R A, RN IO NG s m B R
O EOAE R R, IR RS AL AT 204,
AR /2 A B o RIS 5 S A
A2 AN R B AR AL B TS, T

AR MR E

Bl 3 mP o A5 A B Hlm 5 A DGR 0 3

|
—_

el

———e—

fosh R, TR A

55 AR B4 5 e 3 A A 750 104 A J5 2 T 24
R, BIEAAERELL, BT RIRREAIN. 5
BRI BRI AR iy B, (B3
AR 56 U fc SR 77 12 B0 B K T AR S (8. WL
A AT B e AN, SRR 5
L, HR(2) %A

m e {2,4,,2n/2]}
ke{1,2,3,-,n} (2)
1€{0,1,2,-,n}

A i 52 B 50 A SR B Y AN AR, 3R
k=2°— 1AM R E S A E W 7 51 S A4
B P B 5 UL 5 B B SR 1A A1 P R 5
MR ES. EEGEYT ZET, AR50
Bros— 2, MRS PR K T E(E; AE
CSKil e, A F By m] 5e Juht Fr Bl 250 J Peos v
MR A G B ASE T8 fr B2, 4
B SE I A G R R IRAEOY (20 — 2)n/2°. I TAEA
2° — UM R BRE S DL B WA B e KR, Pk
BRI 5 R N T /2770

fEm-DSSS5 CSKHE A I FAMFE LT, A
d=s. &L, m-DSSSHEIH{E S RIS I AH
Zh/MER2 [n/d], TICSKAFEE 5 a5 3= 0%
ER/MENFn/27, BEMFm-DSSSHEES
FlES T2z, ik, METm-DSSS, CSKE S
FEAA VRIS A S i A R A DR A

100 4

HRIEE
|

> 500\ ~_ bY %’%
Kk —~ 9 S
g 00 g

Kl 4 mFP3 A 5mFr 4 BAE B Hlm 5 SIAH S 17 3

s RSP | A g |
98

T v P | i B
271 |

fihFr 41| 1 2
A5 1 5 il T Fy B | B Bk
(C27 1 2

A J e | i B
2-1 | 2

A RAE 5 X [1]

5 CSKi il edicim i 5<is SR B 18



2160 BT 5 fF B % M %436

3 (ESWIESE o HCEE BRSNS IR, 45 A

Sy ﬂﬁﬁﬁ%@aq@h{?%ﬁﬁf;ﬁ\ﬁﬁ
O S A ST DS BRI = g b0 kbt e e g
JRER: EOL, BRUUE S SRR BARISERANR i e RSB, AT  )
FEIIEEGE SR 5 A RIS AT e e AT B [ SR A, B i - o A B R A IR
%, WA IGEEMERGHHBRERORTE IR,

A m 7 5

|
—_

HREBH

|
—

| | |
! - ’_‘l -
— — ) !
— —
—

—

H
|
—_
|
—_

2l
&5 [#imik

fikid g L

Q
[}
2]
&
~

el
[

K 6 =T 102 K m P AU 5 iR R PR B

S SRR n(t)E A~ WA

zk*ﬁ%erﬁm-Dsssﬂﬁﬁ%M%“ﬁuuriﬁﬁﬁéiﬂ;é r(t) = s(t) + n(t) (3)
P (AWGN) 538 J5 BT R Re 11 EAT 20 47 Hn(t)~N(0,07)If, REHAHE RN
r(t) NEENE S, s(t) (1) B B R SHE 5 By, WERG)E

E[RAiA (O)] dE,
E[RAiA (k)] P« dEb ke {1a27 7”} ( )
[

E[Ra,; ()] = Q < dE, 1€ {0,1,,n}

(4)H, AN B A FE d A F A S 2 00 Ra,a,;(0), Ra,a, (k) MRa, B, (1) 73 59 % N _E 38 3
AR mF o AiflA;, BLEBAB; 25 A i m 35 A R A, RS Sl AWGNAEE % 1
AMBE R R M3 2 P Hlm 7 515 Ra,a,(0), TR IEZS oA, 3 AT W P R A

2
f(Ra;4,(0)) = ! 5 €XP {— (Raua, (0)2_ dEy) }

V2mo? 202
(R — (d—2m)Ey
f(RAi,A eXp { 4 A 20-2 m) 1) m € {2747 Yy 2 Ln/2j}
RA N ke {1727 ,n} (5)
f(RAiA ( \/ﬂ(ﬂ exp{ 202 } le {Oa la 7n}
(Ra; B,
f(RAiB \/ﬂo_Q exXp { 202 }



8 1

WA — P T i m 7 91 () B B9 0 5 R 1 O vk 2161

L6 B 2R ST T R R AL RS IR R e, M SRV, 5, pe MR AL 3(6)

ke{0,1,,n}

Pe; :p(RAiAi (O) > RAiAj (k) N RAiAi (0) > RAiBj (l)>7 { le {0’ 1, ,Tl} (6)

BEE6 7 i 5% S B IR R R e, TR TS iR
i S, 2H30(6)H Ra,a,(0) > Ra,a, (k)8 &
Ra,4,(0) > Ra, g, (1)IX AN FAFF FMEE — A
JER, BURARI .. X FEpe, 1 Hpe, KRR 2]

Pe; =1 —pe, (7)

FH 2 (2) AT %0 A 5% 3 U 5 o KR 0 1R A 22 0N
2d, FHHWHEXRTHAMAMHRE. 2R = Raa,(0)—
Ra,4,(0), MR;~N(mdEy,,202), Hrhme {24, -,
2[n/2|}. A, BIASImT I — A FE R RE RN
By, WA E=dEy, . 1XFEpe,n] LR R (8) Fr
N WSE 55 a3} i DR TS o s P RE
VAR T B KENERMER . RNQ)HEFHSRAHE T
B — 75 R A R R d 5 R R IR R
Z: MmTAIREEAEN, SHEH DA AN
A EAREE RS, FEERE, RS
P 25 A ROERAG, PP Rt 2 T B .

T M EEASm-DSSSHE T RS IRIDER . n
LHTA, HE&FYIMEd bitfs 5, W—HFH29%57
o AR BEUE T R AR Sk S, T 3
flid 2 3 o PP A KR . AR — e, W%
S AA R I FE HOAE A L HR RS R A S, AR B
K(8), BN RFEHRIDZH AT AFR R~ N (9) -
Al AL, #EAmM-DSSSHE A R 40k A RS I NER 5
B R BRI R A . WNEM L RE,
K6 BT il R 5 48 4% SO AT TR, B A H
A — &K mE 2 IEMmPg R, HikEa—

Pe; =1 — Do,
=1—p(Ra,4,(0) > Ra,4,(0) N Ra,n,(0) >
Ra,a;(k) VR, 4,(0) > Ra, B, (1))
~1 —p(Ra,4,(0) > Ra,4,(0))
=p(Ra;4,(0) < Ra;a,(0))

:p(Ri > 0)
~1 — —erfc 2B
2 202
1 B
—1— —erfe [ =2
2 o2
1 B,
=1- ierfc <d0%> (8)
1
Pe = g ZpeJ pe7 (9)
j=1

AT F IR FE T m-DSSS ) sl A JR 3 ok
AT ARG,  E SRS 5 SRR R A 2 R 7 THI 14 e
5CSKi 7 AT . B s A
F1E 2 AWGN/S I %4> 2 HEd 1S .
4.1 ESHERMERE

AT B CGEE 7 LA T 5 H . m-DSSSAN
CSKAE FHisktEge i Bkl 8wk 2f~, H
FULAIH 2 k& W B S B LR R A 3R
000001010011100101110111, %43 bity—4L i
EL0HmF AN — AN Lo H P 5 —3E 08

FOCB MR, MENTREMEHRARET 8L, THEMHISN MmN, 155 WHIFIEHE
REE 4% P AN B 5 HEAT
=2 SBERH T ESHRMERESH
AR A1 HF2
WS LIS E TGN 2P 1 AR AR N |
m-DSSSHEA™ I 1A il 5 5 3 3
CSKIREAE AL EL 8 8
CSKAEFRIEIAF ALY Fr 4L 128(7¥)~ 127(11K) 128(7¥K)~ 127(11K)
B = BPSK BPSK
BN (Hz) 2500 2500
&5 RFEANZ (Hz) 100000 100000
{55 B3R (F 4k v 40 200 300
5L (dB) -15 -15
155 HORAC B (7 550hY Fr %) 8184 8184
AASRIE SEHEA E (§ 40005 1 4 1 1




2162 B 7 5 F

2 %

43 %

BT~ S IE I E T FH P LA P 27E S8 34N %
WOEE A5 S REE 3, T WA P LR 218 2%
YIRARRENS IER T RS 5, HoAhm i i kS
AL, BRTRIEAESIL. ETER . %8
EAEAE SR, AA7E3 /MM N IE R B I A 34 B
PE R SRR I 0GR AT 8 T AR B A B U 4 oL 1)
/3%, X5HEN(2)THEXS 1023, dIX
341, mBRZ JEHITHER—8G FR, &3
ARV LA 5 AR, (E AR AR S AR 2
WEAFAE, TEAS 5 4 SR I m e Jok Bl ) O 1% % S %

5353k LAIE Gl R R o

KIS s 9 AE CSK I il 75 3N F P LRI P 245
SN RIORIE N fE T HiRE R . SETHLL,
CSKf il B 08 il AR AR SR ORAH ORI, H % S0
FAAE 2 2R IR ELAN S (R e, o8 0 ) Ve i L5 K
F7eh RN, JF ELARPEAR A, AN RE i 0 I A A
M7 R BN S BR . T OL, T CSKIRHI MBS
w5 5 E TR AR P SE A, SR
I 5 5y 52 BRI T- YL, K 1 s A5 R A Y
R

HH R M 8

0 5000 10000
PREI=E
(b) F2{55HligkaE R

K 7 SIBIE S5 T m-DSSS & S B R A5 R

40

20
Fou

g
K
z

-20

-40

0 5000 10000
PREI=E
(a) P LG SHiIRE R

30

20
cau
|

= 10
;.K
=

0

-10

0 5000 10000

30

20

A

10

LIPS

-10
0 5000 10000

(b) M 2A5 SRR

P 8 SiEl A1 T CSKI il 4 SR B S M A LA 2R

FIRME SRR R BRI R, FEAHEMEE
R, (SR LA RIEREAM T, CSKifHlY
m-DSSSiHI 5 RALL, 5 KAES SRR
4.2 IRBEEMEMRE

AT R S3E 1E AN 16388 R A 41 5
DRV RE AT O B0 M . IR R4 BRI 525
B, RIEE BEYEEEN A P LR A 23t
FHAWGN/EIE, Stk E % AMN-35 dBE
—25 dB; WA, H IR 2R 10%m 5514
Rz A2 s M HAG 5 2K 810000 m /7
TR, X F8@Eo, HE R RSN

30000, XFF1e@EFEA, RHE R R SEN
40000, HAhP7ESH, WEEHE. 5 R
H, ES RS SR . H P IR 201
A AR WMEIFTR,

IR W, XFHA1, 4EBLLLE-35 dB
%25 dBI, 8iBiEm-DSSSHHI{E 5= K fE
WAL T 1618 Em-DSSSTA GG 5, H P R 2t
Re ok EI T CSKRBINE 5 HiRigZ N le-1
i, 8iEIE M16iEEm-DSSSEHIE S, X
CSKiR#E S H A 21dBM A, X 16388 CSK
S L2 ABI Y, BRI Nle-20F, iR



8 1

WA — P T i m 7 91 () B B9 0 5 R 1 O vk 2163

10°

107 SR

M 102

=i \\

10 \x

"

10 N

107

+— 8i#iEm-DSSS

10°
10

1072

%

107

10

107
-35 =30 -25

—— 16iHiEm-DSSS

{ZWELt (dB)
(2) FIPLiRAB %

= 8ilIECSK
o~ 16iHIECSK

fEEELL (dB)
(b) F 2R M0

K 9 RA R AR

HHP KB E /D15 dABFIB.S dBRA L, 5Lk
N-35 dBHY, SIEIE /163EiEm-DSSSIH {5 5 iR
KYERE S QMIE /16 EIECSKIAKIE S Y, &4
0.37/K 4 ; EMELLZEHIE N, SRR MR 5B
B, 2{EmMkF]-25 dBR, SiEiEm-DSSSIA
HME T RIS T L N 1e-5, 1MSIHIEF16iEECSKIA
HIME 5 1R R ) 41 N1 .8e-3F11.86e-2, iRALHAL
AN BT 2N RIS EE S 1618 Em-DSSS
FE SRS R L A be-5, 8B EmM-DSSSEHNE S
PR R L RE N M50, (H R T SiliE M 16iHiE
CSKiffilfE5 .

F P 210 3R A 22475 A s AR B 5 P 1A 2
Y{EME L AE-35 dBE-25 dBI, 8iBiEm-DSSSH
HME TR0 R ML 5 161 B m-DSSS T Hl5 5 H A
FHE, HPE RS R MR Bk LT CSKIMIE
Fo SHPIAFRRZ, HEMHN-26 dBE, 8ill
TEm-DSSSIHIE 5 IR ID 2 1.83e-4, M 161HIE
m-DSSSH GG 5 RIS Z 1. 75e-4, P HFEAHM
6 245 oA—25 dBIN, 83 iEm-DSSSH
&SRR L) N6.67e-5, T 1618 Em-DSSSA HI{E
SR FE N2 5e-5, 16iHEmM-DSSSH #5517
RUEREIS LT, (HEE—NERN . KT EAFE
W LU (A R ARG 3 B ST, R A EAN )
{50 L 261 T 1638 m-DSSS I HlME 5 1265 2 11 g
T 8l 1 m-DSSS il 5 5 HfE o, 2k b8
JEm-DSSSAHIE T IZEE MM T 16# 18 m-
DSSSf il {55 .

5 Z5RiIE

ASLEETFmFA, =T —FMaENEILT ZEK
JE 5 T5 B LURRL T8 B A5 1 DL T I BB 51940
55 A% 5 % (m-DSSS), HH5CSKiA#HI 7
EBHAT T BRI . (B4 R, m-DSSS
WG 5 B A L CSKIEHIE 5 B B AR 2 %
BE. TEAS S AHICMETT I, A% R 2 A [H i,

m-DSSS i 5 5 R A EARA A EMEE, Hal Lol
T BT AR A R ) 0 D X A5 5 4R R AR, 17
CSKAHIME T A g (e 5 v, Bk il v
FIWORF G SR, F— P T R EE RNy
ffi: — AR SE PR IR SRR BRI S5 G
Db, kD A8 B MG T8 555 TE AR o X m-DSSS
&SRt — BT M IE: Rl T H e
FEm P FULE N D BEATL A 51 T A 50 1 BEAR B 70 47
ZIE BRI, RRAT b ES ARSI 4R Y
m-DSSSAE 5 A A R AL 24T 3E — 20 (U BEAE WF FT AN
o
& % XM

(1] NI, GPSEES WL [M]. db5: 7 Tkt Ak,
2011: 304-344.

XIE Gang. Principles of GPS and Receiver Design[M].
Beijing: Publishing House of Electronics Industry, 2011:
304-344.

(2]  BUHHE, #br, SRR, & L DR SMARGBLUE 5V EE R

Z2 ) R AL [T, BT S5E B AR, 2018, 40(11): 2698-2704.
doi: 10.11999/JEIT180074.
HE Chengyan, GUO Ji, LU Xiaochun, et al. Researches on
pseudo-range biases of BeiDou navigation satellite system
B1 signals[J]. Journal of Electronics & Information
Technology, 2018, 40(11): 2698-2704. doi: 10.11999/
JEIT180074.

[3] RUAN Rengui, JIA Xiaolin, FENG Laiping, et al. Orbit
determination and time synchronization for BDS-3 satellites
with raw inter-satellite link ranging observations[J]. Satellite
Navigation, 2020, 1(1): 8. doi: 10.1186/s43020-020-0008-y.

(4] Tt WU — S TE SRR B FE (D). (Wit 3], "
TR, 2019.
HE Dian. Research on key technologies of TT&C data
transmission integrated channel[D]. [Master dissertation],
University of Electronic Science and Technology of China,
2019.

(5] Hmig, P75, &¥th 26 EEF T MRS T X


http://dx.doi.org/10.11999/JEIT180074
http://dx.doi.org/10.11999/JEIT180074
http://dx.doi.org/10.11999/JEIT180074
http://dx.doi.org/10.11999/JEIT180074
http://dx.doi.org/10.1186/s43020-020-0008-y
http://dx.doi.org/10.1186/s43020-020-0008-y
http://dx.doi.org/10.11999/JEIT180074
http://dx.doi.org/10.11999/JEIT180074
http://dx.doi.org/10.11999/JEIT180074
http://dx.doi.org/10.11999/JEIT180074
http://dx.doi.org/10.1186/s43020-020-0008-y
http://dx.doi.org/10.1186/s43020-020-0008-y

2164

G

o

=]

¥k

43 %

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

PiE[I]. M FHEAR, 2015, 46(2):
10.3969/j.issn.1006-141X.2015.02.06.
XIA Gaofeng, LUO Yu, and JIN Zheshi. Performance

analysis and simulation of M-ary direct sequence spread

12-15, 20. doi:

spectrum system[J]. Avionics Technology, 2015, 46(2):
12-15, 20. doi: 10.3969/j.issn.1006-141X.2015.02.06.

HrEPRE, WhER, VIR, S5, WEFRGNSS AL L ki 4 A i
HOR[I]. JLRTlp s K224, 2018, 41(4): 97-103.
10.13190/j.jbupt.2018-009.

JIN Shuxin, YAO Zheng, JIA Shenhui, et al. High-speed

non-binary coding and modulation techniques of GNSS

doi:

message[J]. Journal of Beijing University of Posts and
Telecommunications, 2018, 41(4): 97-103. doi: 10.13190/
j.jbupt.2018-009.

Cabinet Office. Quasi-zenith satellite system interface
specification centimeter level augmentation service[R]. IS-
QZSS-L6-001, 2018.

PENA A J G, SALOS D, JULIEN O, et al. Analysis of the
use of CSK for future GNSS signals[C]. The 26th
International Technical Meeting of The Satellite Division of
the Institute of Navigation, Nashville, USA, 2013:
1461-1479.

ANDREOTTI R, EMMANUELE A, FONTANELLA D, et
al. Code-Shift-Keying (CSK) with advanced FEC coding for
GNSS applications in satellite multipath channel[C]. The
7th ESA Workshop on Satellite Navigation Technologies
and European Workshop on GNSS Signals and Signal
Processing, Noordwijk, Netherlands, 2014: 1-8.

CHAUVAT R, PENA A G, ANGHILERI M, et al. Ultra-
sparse binary LDPC codes with CSK signals for increased
data rates in future GNSS[C]. The 9th ESA Workshop on
Satellite Navigation Technologies and European Workshop
on GNSS Signals and Signal Processing, Noordwijk,
Netherlands, 2018: 1-11.

UNDERBERG L, WULF A, CROONENBROECK R, et al.
Parallel sequence spread spectrum: Analytical and
simulative approach for determination of bit error
probability[C]. The 21st IEEE International Conference on
Emerging Technologies and Factory Automation, Berlin,
Germany, 2016: 1-8.

JIANG Xiaofei, GUO Lili, WANG Bailing, et al.
Performance analysis for UWB system based on parallel
combinatory spread spectrum using different pseudo-noise
sequences[C]. The 2nd International Conference on
Education Technology and Computer, Shanghai, China,
2010: 213-216.

XS, J6ATAL6 TSR SOOI 5 M1 BT A [D). (14
W), WRIE LFERE, 2014,

LIU Jiaxin. Research on pseudo-random codes

[14]

[15]

[16]

[17]

[18]

[19]

EANE

ke B, 19684, WA,

synchronization for PCSS systems[D]. [Master dissertation],
Harbin Engineering University, 2014.

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.

BERFE, TIE M, Bk, & SRR R SIS L] TS
R4, 2018, 40(10): 2331-2336. doi: 10.11999/JEIT180023.
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.

TLVARK. T EEF 519 S 22 51 61 77 858 D). (Wit
W3], BRI A2, 2018.

JIANG Zhilin. Research on code index modulation scheme
based on direct sequence spread spectrum[D]. [Master
dissertation], Chongqing University of Posts and
Telecommunications, 2018.

PORITT, MR, skoORBR. 225 2 P 22 0 IR A st il
ZRGERE T[] BT 515 B4R, 2020, 42(8): 1902-1909.
doi: 10.11999/JEIT190117.

HE Lifang, CHEN Jun, and ZHANG Tianqi. Performance
analysis of short reference multi-user differential chaos shift
keying communication system[J]. Journal of Electronics &
Information Technology, 2020, 42(8): 1902-1909. doi:
10.11999/JEIT190117.

e, MBS (M), Jbnt: SEEH R, 2007
239-250.

WAN Zhexian. Algebra and Coding[M]. Beijing: Higher
Education Press, 2007: 239-250.

N B, 19885, Ak, BRI IR S AR 2 R RO,
H: o, 197544, BRFCGE, BATT Iy S AL IR R ] B

HA.

s &, 19704RA:, WAL, WHAUUT AN DR SRS R [ED
HA.

WFE 75 18] 9 FL S 2 B B R 2
TRIEA.

. 99, 19884F4E, WIEGTRRA, BRI EESNE S

it SRR

2, 198744, TREIT, WEFCTT A ST R E N A R

HA.

TS X &


http://dx.doi.org/10.3969/j.issn.1006-141X.2015.02.06
http://dx.doi.org/10.3969/j.issn.1006-141X.2015.02.06
http://dx.doi.org/10.3969/j.issn.1006-141X.2015.02.06
http://dx.doi.org/10.13190/j.jbupt.2018-009
http://dx.doi.org/10.13190/j.jbupt.2018-009
http://dx.doi.org/10.13190/j.jbupt.2018-009
http://dx.doi.org/10.13190/j.jbupt.2018-009
http://dx.doi.org/10.1109/LCOMM.2014.2385054
http://dx.doi.org/10.1109/LCOMM.2014.2385054
http://dx.doi.org/10.11999/JEIT180023
http://dx.doi.org/10.11999/JEIT180023
http://dx.doi.org/10.11999/JEIT190117
http://dx.doi.org/10.11999/JEIT190117
http://dx.doi.org/10.3969/j.issn.1006-141X.2015.02.06
http://dx.doi.org/10.3969/j.issn.1006-141X.2015.02.06
http://dx.doi.org/10.3969/j.issn.1006-141X.2015.02.06
http://dx.doi.org/10.13190/j.jbupt.2018-009
http://dx.doi.org/10.13190/j.jbupt.2018-009
http://dx.doi.org/10.13190/j.jbupt.2018-009
http://dx.doi.org/10.13190/j.jbupt.2018-009
http://dx.doi.org/10.1109/LCOMM.2014.2385054
http://dx.doi.org/10.1109/LCOMM.2014.2385054
http://dx.doi.org/10.11999/JEIT180023
http://dx.doi.org/10.11999/JEIT180023
http://dx.doi.org/10.11999/JEIT190117
http://dx.doi.org/10.11999/JEIT190117

	1 引言
	2 信号调制方法
	2.1 调制伪随机序列定义
	2.2 信号调制原理
	2.3 调制信号相关性能分析

	3 信号解调方法
	3.1 信号解调原理
	3.2 信号解调性能分析

	4 仿真试验
	4.1 信号捕获性能仿真
	4.2 误码率性能仿真

	5 结束语

