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Abstract: A novel navigation signal design method based on spread code time shift position modulation was proposed,
which inherits the idea of separating the pilot signal component and the data signal component, and applies time shift po-
sition of the spread code to carry data information. The old pattern of using carrier phase to carry information was
changed, the power efficiency of data signal components and the performances of the satellite navigation system were
improved. Theoretical analysis and simulation results show that the proposed method can significantly improve the
transmission rate of data signal component or power ratio of the pilot signal component to data signal component without
increasing the total transmission power. Then, the transmission rate, acquisition and tracking performance, positioning
accuracy and other technical indicators of the satellite navigation system can be further improved.

Key words: navigation signal, time shift position modulation, acquisition and tracking, power efficiency

1 2= —, SHUE TR D A B L E— A
W, HHE e BOHL IR PR R R R R K

2R PRSP RS (GNSS, global navigation — J&, JEF CDMA (code division multiple access) 15
satellite system) J& {5 BRI ] 5 BERL Al R it 2 SE BRSNS SRR oy A SRS

WisE#: 2019-09-14; 2= HHA: 2020-01-09
BEEWH: HRXARPAEETHNHE (No.61701518)
Foundation Item: The National Natural Science Foundation of China (No.61701518)



%43

REF 7S STy B v # A B I TR AU 5 B0t .55

SR FERH I ABH AN B Bk AR,

 Br B BA 3 U 5 5 400 6 07 2Lt
FUIRERTLLRE A 3 AN B 35— B2
BPSK (binary phase shift keying) B 8], M 20
4l 70 44X GPS #IEIT4A, £ 2000 4 /e,
S5 5 %8 K f BPSK-R (BPSK rectangular) E
e A0 R U S i B2 BOC
(binary offset carrier) [N JJ] (2000 £—2004 ),
BetzU 2 Hy T BOC I L&, B0 JF T8 A0 E
BSNUE SR F 4R, 5 BPSK-RMHEL, AfE
SR A T O R RS R, I R AA AN
i Z APt TR S 2B =B Bt MBOC
(multiplexed BOC) N ] (2005 424, 2005
4 Betz A HIBA X $EH BCS (binary coded
symbol) SIS, FHATAEH T crazy BPSK.
24 BCS (CBCS, composite BCS). A% BCS
(ABCS, alternative BCS). &% BOC (CBOC,
composite BOC). I 4r& H BOC (TMBOC,
time-multiplexed BOC ) . 1 & & | BOC
(QMBOC, quadrature multiplexed BOC) %54~
R AR, xRy A TR S ALY M
PRI RS PR 2 T bR m P

YT, AR B B R b, O T e
AR PR BEFN L SCEOE AR, 76 GPS. AR e
(Galileo) Jb}458 DAEFAARLF, WikRKH] 7
AU 8 5SRO I 4 B ARy P,
SAES VIBLBERN (3 TR & T O SOV M bR A
T, B TE N T AR R GRS S, XA EEAE
5 [P RA 3 B TR) ] BASZG 326 K T4 A9 1 i) A TG 1) 5 8
W), $8v T DA SHTRSEMIR . HER S W R
KR

T R SIMAG T A A, MRk
SO T SR B RO CERCHR A% i ) R A R
107 8 107 X PHUE R LR D, 0% e
FOREIREEE MR, LR SHE S S0
R 55l iE o R 2 s KT 1:1. FREE
S PR SHARS B2a {5 5 S B SRR 4
BYPRSBCHA 1:1, BIC {59 S0 & 55
o RIPRAY LN 3:1. WK Galileo T2 SRR
4t E1 OS 1 E5 {55, AN IEE GPS 1) L2C {745,
SHURIEH R ) D F s RL b2 1:1, GPS L1C
B9 xS 563} BIC F94F, g
3:le WK S A SR EwRSE LA TR

GetERen A AT, ORI A B D & 4 i
by DESMES TN FERTE, 5 11
(K20l 7 AL, 3:1 B Sh R0 7 ¥ S 40
FAEMIIRSE ST 1.5 f%, 0TS SRR R 1) 7 fig
T+ 7T 1.76 dB.

ST RGN R BRI RS B 1
FAR Y LR RHUE 5 NACT A NE 5 R 245
Begh Ao &, AHEROHLAE S 2B HEUE 5 1
DR PATHI R BREAFOISE . 487, —ANE 1
e DR FMAR S B IHEAESE BT
IREERG, 8 DR SRS SR 3h (5 P 2% 1115
Gl # LESMARAENEE S5 RS LE T
Bioy e, BEAE BE ) AE s . DR R ER
oAt AR AR, 33 B SR B A 2 0 (0 R o7 0 AT
LAt BICH D0 8% TR S, A5 WG v S BN (1) 5 A7
SHTLIRE, X i 15025 FIAE S 28 48 TR
R EEK

DB B, Bda s AL Sk a2 i DA AR
GERTEIL, (EUHTIE ST, ZEAE R I 3
S8 PR RE R HL SO 2 — IR K Bk, R&R
WEFTHAR S DA FHUE 5k & DE MRS
R R

ik A R D — e R R i B AN [ A
Bk INEUE B0, AR L gl s S )iz
(g 7 UA1OL, ko B R S RS IR S AR
AL, XN AN AR R 5, AR
HWEME o NI Bk E,  Mkrh A&
PWHNE o B A AR FI4E 5 D%, 415 T BPSK
SRS, B B DR CR . Bk
PR B HIE S AR R T EORS A IR )[R 28, T
E DAEEE ARG, BRI P AUEEE 5
(180 I 1) AV K B2 IR 1% 05 Jr I KB AN, 3X — K
i I R0 25 g Rk b S R R () SE R AR T — AN R
SRI) AR R, R X — KGR IS ) R R LA S
I Bas A7 R S AR, O ILAE DA SR
Gerp I N 2558 T Al

2 DESMESIERRTARE

U S AT o e - 0 T E 2y 1
2o IR 5 58 R SOHL 1R A1t R R A0 1 i
ENL, Bl e W o 55 A A Ak, R
PR IS A7 B o T I RS 7 U
(RIS B s A 1 Bs .



.56 wOf o W

41 %

P — gy

wn ) (WBmE

5% L
b T
1 ] ~—— RN ]y
AT amwes |
TRESNES

[ T R 2 AR L LR A Wi S

1A, A IS A DX TR D A7 I A I
(1] DT I A% A7 5 U 1 1D sz /0N I A2 T Bt Dy 4 B
FI A o I RS A7 U A 2 i - R A T A R
R AT ST A5 219 A A4 Ik A% A7 B 3 a5 5 CBINEAZ SZ
BAE S )s RJE ML S P0EE Y BUE G S (R
AR SRR AR 5D 800 58 I AT B AR M
i, 32 WS .

N B2 BT R 5 5 S5 R AR
GKI, ASCEL 2 AN Bt A AR X s
ANBE B IS R N BEA T U . BiliE T, A%
e B 5 S A SR 5 L 3 BN B Ay
PR A RS 5 2 P

Vo B 5 #mm%ﬂ#m@ﬁﬂvﬁ@ﬁﬂﬁﬁ@ﬁ4

wwans || |||

YR - i - i

i = | lwmr| |

pxnans | NWMHMN | ”.M\w" |
RS R

B2 Aeged i b7 U5 i B AR A B i ) 7 o b

B 2 A, S B A 5 ) R IR T 2 i 1 »
RO 5 A2 [ 52 I 220 B OG0, MR AT U
(9 1E ORI AR P B RcHhs s 3™ R I RS A7 L 71
5 AT SRR A T IR (AN, Y BLAE IR A2 X
) AR — I 220, AR I B A7 3 I 2 ) R B
PR AR S

3 RN R IERED AT

3.1 BRI R IR
A0 8 ) SRR T T o R A, AR
P TP T B AR SRR ik, SRR

WK 3 fros.

£

B3 BT R TR

56, HBUE S SEpce, HAGE s
oy A SRR T . ks RIS E S
SERCRMERER, 3B 0R FP . FRR, R
BT 5 S AT SRS AR S A G, 13RI
SAHSAE R, FF )25 il A DA e 51 i
AL B AT R, SRS 5 IR A .

AR A FE A Bk, SRR ET S
SRS RG0SR W B A R T2 L, FE T
BRI T 5 VA — R RS 3R T i i I R
(PSR E, AR SR N A m A R fe B A 46 [
Ab PR S B DGIE B, A8 AT AR AR K
N, MRS AR i LMERZ 1 .

3.2 MRIBIRFEELSW

PR F A KN N, 5 Rzt v o 7, W)
AL 7 A I TR FE A NT, o 52 X3 Aihs 7 &
TR I B B, At 6 R 1% I (1 s
KT =KT,, K>N . WR¥EHEE6EG S &R,
PR AE I BN 0 S KT R B A B A H
K-N+1, SEbr ik H WA E HH
M<K-N+1, MBI 2 FEEIRE.

i RGab T EARFRDRPARES, U E et i
P S T, Balfs 5o

r(t) = s(t) + n(t) (1
Hrp, sORBIRTE T, n@) ZBMEN 0. 1%
N o IR T R T

S 5 30 I H e T Sy 24 B ) 1R AT S

HSMEAG SN

1o (1) =54(1) + 1y (1) (2)
Horr, ng (0) 2 e 00 A 75 (o) AR TEAZ 3 TE T 23
B, E R BT AL R () GRS
n(t) AT, WM 04 5 254 o i e U e s
so (1) AL EY BTG S, WRRA



o 4 ) FES 7% 36T i B G BRI TUR S 5 et .57
0, 0<t<mfl, R, (j) IR B e Bk
sqt)=1c(t—mT) ml, <t <(N+m)T, (3) T2
0, (N+m)T <t<KT f(R, ()= 1 exp —[R”(Jz)] s jEm (1)
¢ \2no 20

b, (o) AR £ XU PEY S 51, m 2k
INEEZ VAN p YT TR

AAE B PR AN BRI R R )M (3)
BAL, IR IEAT SO AR 5 RS 5 1y () S

HIE S s, (0) OBS BB R 5%
o (k) = 5o (k) + ng (k) k=1,--,K )

SQ(k):Oa"'303013027”'361\/3 03"'30 ’k:lo”'a
—_—

-
m=14~0 K-N-m+110

% 18 B RO 5 RO R AS I 1) L, KBl
BRI P A AT I S AR G, WA

R.(j)= th Qi+ =
N
;QSQ(H/—D + ZlcinQ(Hj—l) s j=10
Ry Shs HAA AR B AT SRR, B

K (%)

M (6)

N,i:]
R =90 .. Q)
" 0, 1# ]
W= (6) PT AL fii
o [N =m .
0= ®

N N
Hp, j=1- M, N, :zcinQ(Hm—l) A N, = zcinQ(iw‘—l)
i

Y0 v e g DRI

P e T T R 7 (R P B mT A, o e )
WEREEWN,)=EWN,) =0, 2L n LIAFEHE )
FAE R, (j) HIHTER(E N

N,j=m
[R()]{ ©)

’ jim
Kby, =1 M o BIBLESMHTRI S, 2R SR
P, BRGNS S RN AL BE AR A 2 Uk e
fr'ERH] (PPM, pulse position modulation) [¥If#i#:
W, BIEM AMIES, 8 m AN E Y IR E

TIPTAEIRIAL S, O R PR S B A A o
R, (m) [R5 5L R N

R_(m)-NT
\/_10 exp{——[ Cr(’:()yz ] } (10)

M f R ALSR AR AE N, 5 R, (m) = R, (j),
=1, M, jEm, WSRO IER, WHRIE
MR A p,, W

w(&m>&mw&mm, j
r.=[ R, m) |
R, (m)=R, (m+1),--,R (K—N-+1)
p(R, (m))dR,, (m) (12)
PR B SATF TR, R, (=1, M, j=m)

Mgt RetE AR, B RE R, (1) » AT

e =j:[p
(13)

A R=R, (m)—R, (1), HErbEpLAz & ik
AN R MNIE R Ny J5 20 20° W st A, 3L

N2 FE s 0N
(R-N)
{— yo } (14)

b, AT E] R BN

® 1 r
P(R=0)= jo F(R)AR =1 —Eerfc[\EJ (15)

2

forp, =2
202

(R, (m)= R, (INI"" p(R,, (m))dR,, (m)

1
f(R)_zJEa exp

FETN AR 2R N g 4755 e b
5T Ok E A A

5 RASHAIR(13), T4
2y

p. = {1——erfc J p R (m) dR .(m) (16)

Rl 15 R BRI 5 4
error rate) A
F =l-p =

e_symbol

R HT T, R P o ST SRR
AR A MR I 8 M AT H A oCHE, R
F =LP ymbol
M -1y

BRADRAK18) AT

Hi%ME% (SER, symbol

(18)



58« B % i 415
p.-—M BUAE . MEELEA 1070/, 1 024PPM T ({51
2(M -1) Lk BPSK IR 5.2 dB, JEBL T MPPM {45 A

{l—fi{l—%erf{\gﬂ p(chm))dRc,.(m)} (19)

=2 I, R R
SOEI R M Bk, — M ~05, i

2(M -1
SR ATIBUN VE S|

Ijeibit ~ % - %J.i[l _%erfc(\/gj] p(Rc‘r (m))dRu (m)

(20)
AE i A5 e LU DR, el T IR A A R

1—lerfc[\/zJ—>l, lerfc(\/zjéo, HH R B iE 5
2 2 2 2

lim(1-x)" =1-Kx % [* p(R,(m)dR, (m)=1 45
X0y N

1 1|p= M-1
: zz‘i{ %{1‘T“f‘{@}p(le"’(m))d&(m)}:

ol erfc<\/§)p(&, (m)dR,,(m)

A=A IR s P CRe o A s = R
M BRI, MAER K65, SRR E 6%, JF
Ao RE SURPEAL, XE—NEFILR
(REE o
33 HERE

A 3.2 T IHER T, AT AR e g

(EREAHE T 400 L e (e L [i_j T

0

21

fEE Lk (SNR, signal noise ratio) AhnifE, X RZGH
PREESZRE ISR SR

E
331 > ARp

N, i

E%Wﬁr, TP LA 23 50 (19), 795

f445 BPSK |1 MPPM (multiple pulse position
modulation) iR ELRF R ITZ & 4 o

M 4 R LUE H, 2PPM RS P A HE BPSK
72 3 dB. {EfFMELUEL M, it PPM (M>2) 1)
e kRt T BPSK Wi, HEHIEm, iR

PeF.
107!
- —BPSK
~A.
ENY -&-2PPM
ol ~ “a. -¢--16PPM
o] g |--64PPM
+|-%-256PPM
NN -5-512PPM
% 10 N Y -o-1024PPM
‘ SR -—+-2 048PPM
*4;31: q“‘\\; W e -8-8 192PPM
" B \‘\\\ N4 . <,
K 10 23‘ LN
PN i
107 8 ‘\\\V‘“ M K
wa “
‘\ ‘\ \
‘| ?“ ‘\ \
10% ALY
) 0 2 4 6 8 10 12
E N7 1dB

4 %iﬁﬁ?%ﬁ%%%ﬁ&

i, £ PEIFNARS T, W% SR RES
CRAUE 5 SHERE SIS BARIE LR
PERF R Z MG R . MR LIRSS SNR ks
#E, 0P LERE AT A AT
3.3.2 #0425 SNR A7k

e A E 5 B () h R Ly 301,
A BLA TR, RS 0T LA R MPPM 7 St i i
G RE R BPSK sl i i o 5 RER 11 4
T, BT DA BB SNR ARvE R R Hos o it
L s iR,

1 OU

—BPSK

&

--4-2PPM
-9 - 16PPM
-4~ G4PPM

& e -%-256PPM
N N -#-512PPM
--o-1024PPM
. |-+-2048PPM
‘g |-&-8 192PPM

O N

BRI

10+

L s L N ' L n * My
8 9 10 11 12 13 14 15 16 17
SNR/dB
5 SNR bRl T [¥1i Lo e i 2k

M 5 WTLAEH, 76 SNR #5ifE T, PPM BT
B, RALPEREERZE, (HARIS R IABEI E ) T
T ARG R, 6 H BPSK W], 7RIS M E R



%43

REF 7S STy B v # A B I TR AU 5 B0t

¢ 50«

N, MPPM [MinAg I RERR 22 fE mtE e bl T,
MPPM RS MEBEAL T BPSK . 24i% LR
107° 1, 1 024PPM JiT if; (1015 14 LL . BPSK 1 IR £
1.1 dB.

SEBR B R,  HoHE 115 PR R SR AR 107
EJULR, XAEL T, Joie BPSK i ili4 /& PPM,
HOAL T2 £ e LU (PR S S el MPPML (191565 14
T BPSK 7,

4 {HEXLLSHR

FEY ST RS A B, BT S AR R 8
BY HESWE 6 Fios.

L

SHEIE 1
SIRIGICL | SRSIL2
o Innnnn;
BT | MO0
54— —>i
i PPMIFBSK ] !

6 LA A EER Y UE S

K6, hs A B I R R X )k 2 AN
AR IS T TR], BB IE Q 4 Mk H A B ) X
()P, A TS 5 RS s Q 15
SRR AE S 1 CEdisiliiE Q 2= ) X
P, SHGEE TFIREAN 1D, Bnr 6 R8s
SAUEAETEN 1, Jfnr sk R TE Q EEF X
[) = o >R 0 S e 3 5 i i D L

TRV R S, K6 T 2 AN T R
SUBRTREMEN, SCBr B8 X [R) o] M40 75 2219 KBk
P/ o
41 SHBESHIEBEINELA 1:1

Z A=) B2a A5 5 C A 5 £
RN 1:1, PHRSKE N=10 2300 ', ¥t

MPPM R A7 E R H . LA 6 3X 2 AN Aiths J B 1
IR DX TR A ], M5l TE Q IR Aihd 7 FiH &
K AY ARG B A, PR S A B A N+ L,
WaiZ 10 2315 &2 nlmE R E B4 1b(10
231)=13.3 bit. 7EJb3) B2a {5 5 AHI &4, s
TEIE O SIS T AR ) BPSK I X, 2 4
TSR R A 3 P I 2 bt 45 8, A S R R
T2 R IT 1 6.65 1o

TR 2 S R LL R e R, Y
B RA S5 B R T X O R, 1 H.
235 R AR ARSI 2 2% B R 3G K, DR A SCASCR
1 024 Frifftl, N4k 10 bit /55

e AEEE N, R SAE B2a (55
FHIRIPI A0S 5 R 380R PATUIIE S5 ZmiE Th R
b, HBosfE 5 i a R M, MEET 1
024PPM (147 ST AS A BRI XL =31
FERPEFR AR IRRE. 63 B2a {57577 59 gt
BATE TSR (RS 1R EURRnt b 2k f =22
FeRZSHO LAy &l 7 #1261 s, Horp, d6)F B2a
{55 AR R R R A R LR R

10°

¢-0-00-0-0.4
-a.

Q,

102 }

WA

10

—— S B RS B A R (BEE)
o ||F---dE3kBafg 5 & (GEig)

1 o dbslBafg 5 R (HHE)

0 2 4 6 8 10
$2ISNR/IB

BT 2 B O U 0 L
HIZE 1 AT, 0 EG 2 Py 2, 1ag

By S A 3 B B A 3 L A LA A AE AT R PR 155
N AR I R A T 5 5 TR G R A

12 14

*1 2 AR EERASHI
L 3] SHUEIE L EEERtES {7 Kg JIT G fF MR LL
i PRI gtk (s BED bis™) (5 RN fbies) R 10) /a8
PR AL EWE 1 024PPM 1:1 5 1 000 15.4
It B2a f5 5 BPSK 1:1 1 200 13.5




60 - i@ {I):T

¥ iR o041 %

Frd R 1 kbit/s $2E 3] 5 kbit's G N4 TS )5 15 &
B4R 51 1000 bit/s F1200 bit/s), 2415k 107
I, AT I A% A7 7 5T A R LA
15.4 dB, 51t} B2a {55 7 SAHLE:, RigHERE7
1.9 dB. 1HJE, 1XLL 1.9 dB {5 EL 45 2 AT
el 5 R CR BT, A RO ELR = SR
INEEARIE R

M A AT A, MPPM. R )5 % A K
e BRE T AL, (AR T
Htl SRR R — R 1, RGO R R
FERIEA R, MO ERERH SRR 2 ARG K B
39 2 SR B 11 3 AT T L B TR R L
AL T3 28 AT AE AN U508 A B T3 1 1 0 B T
SR BB ERSE €/ TSUBETRY/E 2
42 SMBESHERIENELLA 10:1

Y B 6 BT J7 I RS A B A i X (Al &
210 AN ARG E I, JRA 1 024PPM (10 M43
1 I P9 A% 10 bit 15 5D, 765 U7 AR Hindi A0
FIAAE T, e 3 A0 5 5 i 1 o) & L vy
2 10:10 4305 SHUREHE D2 230 0 3:14 10:1
K62 BIC {55 (BPSK ) xftt, 53R
R Mk i p 8 Fis .

]O(Y
10"
102}
3 ~
%10" \.‘\_
i \
10} N
\-
. : \,
107 — gk ppon3 1 mybskBICE S [\ 3
— - IIERA10:1H483-BICHE S | "
(oL RO 101 5 R O T ] , a
4 6 8 10 12 14 16 18 20 22
HSNR/B

B8 AR T LEANAS R i 7 30T 1R B %< th 2k

TERR AR A, S5ThE A 3:1 (1
SEBIC 55 7 ML, R 107° 44 1,
R 6 77 ML BI1C A5 57 ST 75 (45 g
Eb3 5k 15.9 dB. 16.5 dB, Hi# L E & B s
WELb2y 0.6 dB HPLH, H5IZE 10:1 b
A} BIC 55 5 EAHM, g (Em i /N2 5 dB.

FEF SRR B RS T TH, X LEIR A 1:1 (1)
Jb=F B2a f5 5 Mzl 3:1 b=}k BIC /5%, il

SRERERPERE AT 23 4T 2.6 dB. 0.84 dB. 5 HAL%
SHUF T AR SCEARE R BRI LA B, 3K R
DIZ N 10:1 1) PPM 7 5 meAE IR ER R M e 1)
Z#EAA 0.4 dB.

5 ZRiE

ASCHE T T AR I B A R B
WG PME SRR, A TFRE LR SNA
GeENRE RIS, AT IR A . Hh
JEIX RS, EEDTERAI N . 1) 76 S0 IE S5 50
THIE A LEAR R OL T, ] R4 e 2 i G
fetird . XHHedb B2a (545, 76 S IE 5 50
HIEIN AL 1:1 4R, 1 024PPM HiAR 7 14X
DABCHE T T 60 P BE 1.9 dB (A5 R A, K8
TH T AL R B = B ORI 5 5. 2) AE B R AL R
RAARPIESL R, A4 A SIS 5 1 3
W SHEE R, T RGP R
SR EE e A RERE . XFLEdE} B2a 1 B1C 1545,
I A 10:1 (9 1 024PPM 748, wl¥ R G/ Ak
(1) REGE /3BT 2.6 B A1 0.84 dB, 5pefh i
PNERERIRZEI N 0.4 dB, HEWEEIE R MEFENT
JE3} BIC 551545 0.6 dB HIHRE . i%f5 5%t ik
AR TR PR S S5 885 IR S S ——
¥ DA SHUE 52D Bls A0 B I AR
51
S 2 3Lk :

[1] PARKINSON B W, POWERS S T, GREEN G, et al. The origins of
GPS and the pioneers who launched the system[J]. GPS World, 2010,
21(7): 30-41.

[2] BETZ J W. Something old, something new: signal structures for satel-
lite-based navigation: past, present, and future[J]. Inside GNSS, 2013(8):
34-42.

[3] BETZ J W. Binary offset carrier modulations for radionavigation[J].
Navigation, 2001, 48(4): 227-246.

[4] AVILA-RODRIGUEZ J A, HEIN G W, WALLNER S, et al. The
MBOC modulation: the final touch to the galileo frequency and signal
plan[J]. Navigation, 2008, 55(1): 15-28.

[5] FANTINO M, MARUCCO G, MULASSANO P, et al. Performance
analysis of MBOC, AItBOC and BOC modulations in terms of multi-
path effects on the carrier tracking loop within GNSS receivers[C]/
IEEE/ION Position, Location & Navigation Symposium. Piscataway:
1IEEE Press, 2008: 369-376.

[6] YAO Z, LU M, FENG Z M. Quadrature multiplexed BOC modulation
for interoperable GNSS signals[J]. Electronics Letters, 2010, 46(17):
1234-1236.



%43

FRFJ755: B TY s A A B I TR SRS 5

c 6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

YAO Z, ZHANG J, LU M. ACE-BOC: dual-frequency constant
envelope multiplexing for satellite navigation[J]. IEEE Transactions
on Aerospace and Electronic Systems, 2016, 52(1): 466-485.

HEIN G W, AVILA-RODRIGUEZ J A, WALLNER 8§, et al. MBOC:
The new optimized spreading modulation recommended for GALI-
LEO L1 OS and GPS L1C[C]// IEEE/ION Position, Location & Na-
vigation Symposium. Piscataway: IEEE Press, 2006: 883-892.

Yok, BEEUR. B BESMAZE S T RS SCIE AR M),
Jent: s TolkiiARAL, 2016.

YAO Z, LU M Q. Signal design principles and implementation tech-
nology of new generation satellite navigation system[M]. Beijing:
Electronic Industry Press, 2016.

JULIEN O. Carrier-phase tracking of future data/pilot signals[C]//
Proceedings of International Technical Meeting of the Satellite Divi-
sion of the Institute of Navigation. Virginia: ION, 2005: 13-16.
SRR, FHET, IS5, . GPS HI Galileo {55 A B 11 AN LE
AN RETHESH T‘h&k, 2009(10): 2285-2293.

HU X L, TANG Z P, ZHOU H W, et al. Analysis on design principles
of GPS and Galileo signal structure[J]. Systems Engineering and Elec-
tronics, 2009(10): 2285-2293.

PEIESMAGEHAAE. PRSP ARG 5H M
RSO A TGS S B2a: 1.0 AR[R].(2017-09)[2019-09-04].
China Satellite Navigation Office. BeiDou navigation satellite system
signal in space interface control document open service signal B2a:
version 1.0[R]. (2017-09)[2019-09-04].
TETESMAKEHHAE. I TRESMAESESHEN
ESHISCE A TR 55 BIC: 1.0 JiR[R].(2017-09)[2019-09-04].
China Satellite Navigation Office. BeiDou navigation satellite system
signal in space interface control document open service signal B1C:

version 1.0[R]. (2017-09)[2019-09-04].

[14] KIASALEH K. Performance of APD-based, PPM free-space optical
communication systems in atmospheric turbulence[J]. IEEE Transac-
tions on Communications, 2005, 53(9): 1455-1461.

[15] SHANG T, CHEN R, LIU Y, et al. Performance analysis of IMC in
FSO systems over gamma—gamma channel[J]. IEEE Photonics Journal,
2018, 10(3): 1-13.

[16] LIU H, LIAO R, WEI Z, et al. BER analysis of a hybrid modulation
scheme based on PPM and MSK subcarrier intensity modulation[J].

IEEE Photonics Journal, 2015, 7(4): 1-10.

HEEEIT]

BRA (1987- ) , F, WEWHA, #
Ao, WM KU, T R
BRESHE SR ZRBEREBIEAR, 3
A5

FaOE (1962 O, B, WEE LA, M, WK
Bz Tﬁttk%ﬁ TS ) o LA . AR IE s i
fa+ BHmES.

XI$5E (1981- O , B, WWRME N, Ht, WEHaK¥*
BH%, FEAT R DARGS 0. TEEOLEs.

Pm#E (1984— ), Z, IWARMHE N, [t WEHaR
PRI, F2BERESUTT 1 TS AE . AR IE SR PIEA .

ZEEEEE (1983— O, B, WIACEERAA, Mk, W TREKE
YR, EEFITT RO CWOCESE . FA SN,



	06-190483-·¶¹.pdf

