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Fig. 1 Diagram of ranging and timing in integrated communication-
navigation system based on satellite communication
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Fig. 2 Diagram of frame structure based on integrated communication-navigation system

TR BE S #2055 B AR DG T7 v B0 1 00 1) 8 28
o 22 ) e g R L SR PR A S T e R AR BE i, I
AR ¥ U LA 5 T 9 /85 1 R R S 1 % R U s
HRABHRI AL, DL R PR AN B T 2 TR ) A 22 R L) P
B FAE IR AR (A, TESRhR TREEM Y, BT
Fe—IAE A B EAE T A EERIE B, B 2 TE X ]
PR LG A FEAR R, 2 2 22 ORI, R
DA A2 AEK 158 22 W00 R v A R e 22 U e P SR . AR SR
- g B B A B ZE T R, EFEHA
AT R [F) — I R AOR MRS R, e T PR 2%
Ui R R Bl ZE A R IO RE M, PRAR T &R %, A R0 s
TR SRR IR
12 FEBEERTHARENAR

F T ERIEAEM R, LR S A E R
B2 AR 5 — A5 5 RIAT S 0L, BRI B R 2
MEREIE PO E T . AT ESTHRIEARH
BV R P E R &
12,1 =HEHEE TIEM TR

KA GONSS S L2 RGP it AT e, =
ST AT, ERTTIGNSS B o 0 T A ST Fr i (38
SRR R Be T %, H AR R Sl E TR R
MEE, A MAREH E S PREZE e ZEAL, Kk
FI 85— 1 R Guidk AT S0 A7 S 7R 3R REFr e

BERERTT, WmEBHR.

K3 ETTREEGFRES ARE=EEE T EMTE

Fig.3 Scheme of positioning in triple covering multiplicity based on

integrated communication-navigation system

B e 3 A5 A G AT AL YE A AT S T R
B, NTEHMEENAMCE, H/YeEdE s — ARG
SRR DIRE, RANTEFIHZ MRS, B
T DEEEE SRR P2 2 2R 5 & R AT
WRFARRAIEIR . BN LA < £
2. PRENEIRZEMW, BRSNS
PREIR;, Qi EAE e BRBH S PAE1~3
BEAT XU RS2, 45 2R T FE AL



2 W

UG RS PRSI S AR R 157

pP1= .fl (xu,yu,Zu) =

\/(x1 = 1)+ 0 =0+ (@ —2)” HeAn + g
,02 = f2 (xwywzu) =

3
SO O G s bt e

P3 = f‘3 (xuvyuvzu) =
(3 —x,)" + (s _)’u)2 +(z3—2,) + At + &

He: piv pon o3 3IMNIEEEANER; x» Yo 2N
A ERAAF B P AL B AR %,y NI
ML B AR Ar g F P HUSON LS B8 0 T 2 22 ) ) 22
MR ZE; e NEWLARMEE | AbEI bR e . F2UK
MU DGR 3 56 3 BRI PR iR 72

FEAT B RLAR BT, T DL e ik — MER AL
B (X, v, 2D AR P REERALE, FESehA B AR
LAy B AR 84— 5E B WA B (Axy, Ay, Az,)

X, =X, +Ax,
{m=%+&m “
=2, +Az,

BT (3D NARKMETTREH, N 7 J7 v EALKR
fift, ¥ Ry PR MO A B, R 2R K LA
MU B AL T, JFEH R UL BRI IR, SEPLLh
FEp X3 EAX,, Ay, Az, K2R, DL
FEIEBIBAE PR N i BRI, (3D
AR MR TTRRA R
Apy=pi—p| =

Fr(x + Axy, y, + Aye, 2, + Azl = fi (X, 0.2,) =
axleu + bylAyu +Cy AZu

Apy =y —ph) =

L+ Ax, Y, + Ayuzy +Az) — H (L yez) = (5)
apAx, +bypAy, +cpAz,

Aps =ps—py =

Jo (8 + Axy, v, + Ay, 2+ Azl) = (X, 02,) =
asAx, + by Ay, +c3Az,

_ Xy— X
ayi = .
i
b _y,u_yi
o (©)
1
P Ak
[
I
2 2 2
Fi= =m0 =y + (@ =2)

H: piv pos p3 INNEEEERMER: o)\ 04 0
FoniE ES TR M ELEEE, wiEd 5 e,

LHEEAp H AEGT A
Ap,

Ap>
Aps

Ap = (7a)

an by oy
H=| ax by ca (7b)
as by3 C3
Ax,
Aé=| Ay, (7¢)
Az,
M7 (7)) "RRN
Ap=H-A¢ (8)
SERRS FIA =oAL,
A¢ =H'Ap ©9)

FOWE —MVIEA B (x,y,2,), i (9 it
HHFR3 MR s, a4 fEnrsE A
WOHL Ak v 0 B o S T A7 R s oA s 31 i 8t
BUAE ST KE B2, JUPKs SE 37 6 i T 57 B A S 37 1R 3l Ak
LB EHIENR LRI, BHEE MR IAR e
M BEoR, o 2 AR G0 AL AR BD O PO SE AR BR
(Xus Yur Zu) o
122 HE/NEBL TIEMTER

BANE=HE % TP ek g, AP
(7 B N30 T2 A AR K, S b AR B FH A
Hef~2i P e, WEEE T, H/RHEE T
B HHATXOA MR FIAZ T, tHEH E S @ TLE 2
M 22, I RBEB B =g by, LA B
5 BT B e FH P B A b T P R b v i i =
FURTAEAL B KSR R I K ED 4R

4 RATEEBFERES - ERGENER S FEmTR

Fig. 4 Scheme of positioning in double covering multiplicity based on

integrated communication-navigation system

ETLREEENES - RARAEMNEE & T K
R 58 Ar A BT AR P 28 i AR DU BR VST, dn &5
B



158 WA R Ch3E30) 20214
N, (1-e*)xx,
ags=-—X
b. \/(1 —AW Iy D+l
o N. 1-e)xy
P21 bv3 _ b_ > ( 2) y u2 - (14)
i e \/(l—ez)(x’u, +y' )+ 7
H _ Ne % Zu
R, 3 b_
e 1_2 /u2+/2+/u2
___________________________________________ VT e
! W (13) AU (14> FI A RE R T Ut ik
Bk
R H-£=6p (15)
AR oL ER Hor
' - -x,u, ,uszlu A
s AR _ pl_ﬁ( e I
Fig. 5 Diagram of similar to ellipsoid method 6'0_ 2 fZ(x,u’y,u’z,U) B Apz
H=fi(xX' 0,y s 70) AH
. REER | o an by ¢y (16)
FHL P ZE AR MR BR il 21 7R H=| an by co
uz + uz 'uz a3 by3 3
SN N (10) £=(Ax Ay A"

a? b?

SEHBEREE K a,, AT K, O M

RN, A RUER B0 KB a, kK b,

O P ET, eI, B
bEATf

0—&m%wwd=@+%m2 (11)

EH ] 15 B AR R ERVE I3 T R N

o1 = filxe,Yu,20) =

V=) + 01 =2 + (2 —2.) + At + &

P2= (X, Yus20) =

Vo —x) + 0=y + (22— 20)’ + cAL + &, (12)
H = fi(xy,yu,2) =

N,
b_ \/(1 - ez)(xuz +yu2) +Zu2 _Ne+90

Hep: o RN ERZE .

FEHEAT € RLAR SN, R 28 3 SR B0k HAE A AL
BRI, FEE R B E ks, s (12) w7
FoRAN N RITIEA
p1—p =
A+ Ax, Y + Ay, 7+ AZ) = filX Y 0 Z70) =
A Ax, + by Ay, + ¢, Az,

P2—p, =

Hu+ A, Y + Ay 2w+ AZ) = (X0, Z70) =
apAx, +byAy, +cpAz,

H-H =

L+ Ax, Y+ Ay 2+ AZ) = (XY 7)) =
asAx, + b Ay, +c3Az,

(13)

s bk =t — vl Wi
£=H"ép (17)

iR DUSE T Y P A AR FT O A THE, W RE
RRs EEAR LB WSEIE, RIE>TUEREE, T E B
ERRE, B E AR REIA B PG R E TR

FERRERE S N, BR 7 HZHIE TR ZE
OhBEAE S 37 B b st (Kb sy, 38 75 28 55— WL
BA RN A RCER . A TR S EE S,
5 TR 22 1) 2 PR O AR X 32 3 B A AE 1T 28 22 8 48
Wi, FIRRSESHEI", A6, AR
RT3 FE o

Ko A4k =

Fig. 6 Diagram of equal frequency conical surface

MTPELEH P Easw, Huh o BA B AR AR AT
FKrmN (xyr Yoo 20) » DEMALE BT RR N
(Xr Vor 240 » ARSI RN

fo==fix "2 (18)



2 W

UG RS PRSI S AR R 159

Horfre Ol #() o TR 5 M T P 22 18] B AH X i
FERAN; fo 5 S BB

Mo AP i 2 R R 2 W R 15 S,
FROAfrr T A A X L A

[Vi|xcos@;

fi= fot et
Vxx(xu_xs)+V)’X(yu_ys)"'vzx(zu_zs)

cX \/(xu _xs)2 + (yu —ys)2 + (Zu _Z5)2

fox(1+

(19)

Horp: HrhVOy TEREEE; 6,08 TR AN I L
5P EBEETTIRNIRA .

LW EEHRRINLR, REREGNNTERN

p= NV —x) + 0=y + (2 —2.) + At +é
VX (Xy—=Xx)+V, X(yo—=ys)+ V. X(Yu—Ys
repix(14 (= X)+ V) Xy =y)+ V. X(y y))J”92
eX V=X + 0=y +(@u—2)
H = f5(X4,Yur20) = b—° VI =e)(x2+y2)+22- N, +&
) (20)

Horre e NN S | AL BRI SE A58 . BRMOHLAH
RGP B EFBUNMELIRE ;& AR IRE; 3/
AR T BT AR SN AR R R

FEREAT AL, M FH 28 3 i HORs A 3L AU
BACEIT, IR EB R UL R, A AR TR
AT CLA IR

AT Ax, Ax, p=p (Pr1)
BT Aye =G| Dy |=| f=fP) |=b
C" 1l Az, Az, H-H'(P,.))
P, =P_ + [Axu,Ayu,AZu]T
xlu_-xs
oH 1
_—— g S :A
oP r’s[ Yu™)
Z,U_Zs
VXX’_,S_ Vxx(-xu_-xs)x(-xs_xu)
'
ap f(‘) 1 VVX(Yu_ys)X(ys_yu)
—_— = — X — | = = = B
oP ¢ r Vi xrs I
V. X u—Zs) X (Zs — 2y
V.xr. - X (2 = 2) X (Zs — )
rs
(1-e)xx,
op N. 1
—_— = — X — _ 2 ’ - C
oP b, r’c[ (1 -e)xy,
7y
(= W 0 3+ a2
L= ANI=)W 2y )+
r= (-x:, _xs)z +()’L _ys)2 +(Z:, _Zs)z
1)

Horpe poHboc M [ AL bR 2R R HU T PR 2 ] AR A
A LR = — T REH, 1§
[Ax,, Ay, Az ]" = G'b (22)

B [Axy, Ay, Az,]" T ENEE T P A7 B A AR BT 10 A
THE,  WRE RS RIS BT B, W ERr A L
RIRE, LA E NG IR B TSE BE # K

2 BS—EHRAEDRBEERE

HERVE RN AN EHE NIRRT s, AR =
SCEE K, A L RE S Y AT AR A S BT BA D H TH A
PR A ERESR A FEIEE R SRS . REBA b
TR 25 42 I RT A Ay F TR H AR 32490 % A A5 1 il
FEONEL, ANRE AT B, R v A b SRR 0 B IR
GBI = YA bR, ASRESE AT L AR H BRI R I 7
K, FRGRE SRR A S, TR TR i A BR
. AT A R RS R . o H BRI S
2.1 AEYHBERSZGIRIT

AR P A 38 T — A H TH R 4R (S R S Rk
R AR HLLE TR SEHHUESR3AN S
FIRG B TR R« 34N G0 I — A 1 I 24 5 % 0
BAE—HS, F P IEAREIRIBY BT DL A7 3% B A B ) 5
JLSERGBE M S TS . TR — b B4R, H
JAAT DL N — AN BT R S — AN, AR
IRUF B RIEER USRS

K7 R R WALIBHKF RS B HhERPUE I 52
BB 75 H I PR B mT DA A b R 2R 25l 23 AT 0 4 e
EFIENT: (EVIAEPE A OB B, SR A B3k R 25 3l
5 A L1 AT A 4 A 10 2 AT 5 08 45 R T
— H A BRI B HUA M SR P0E, 32 BRI 5 5
AU kb A L1 TR SR EHCE Bl S R SR A
FPR A VSN, A H AR ] Lo 2458 A PuE A
AN HPUBE R 514 LA TR A 17758
RN A58 A5 A0 SR, EMERIR 2S5 A T H bR Al AL
B, JEAE AT AT DA 2 B B ST, 4 R A AT
F S ERE L) F T IE SR e R, SAUESHA
T B AR AGR H U 88 2 RO RT IR (A1 15 2 52

DA 58 H P 250 520 53 LI (5 & SR S5
REIEAT VR B, 2458 H BUIE 48R 00 03 T AR
28 1 BB 2R IEAE B R R E s KRR AR S, R
4004 H a3 — A EE T, FFSERFRRICR B TR
B RE 20T, 7 P 8 42 A ) A AR 00 1) i Sk A O 0
J& s TESTIT TR Py [R5 R8T . d R 11T B I B
B J7 %, F00A AT LS B N O BE R B 2 AE
FEF129EE S TP R 5E e MR .



160 PRI 2 (R3S

20214F

HER > \

WH L J AR

SEAPIESS 1

7 SRR W4 E R

Fig. 7 Diagram of lunar relay communication system based on integrated communication-navigation system

22 HEZEREHES

BRI ES IR TR . RSB E B 2 )
WEFERNKRER, ZR8M. mENERESC
W BB EIE, BB ENE. LEBEN
L R R RS PR ZE R I .

*F1 HESH
Table 1 Simulation parameters
i SHRE
HIBEE (SAPER /S AIER2) /km 200
HUBM A (BeHYUER /S IERD
s 45/135
TR (GG B 1/88 BB / () 0°
SH AN R 12000.0 7 [E 447 5
FHALE BB AR F T AR (93395 W, 2004
TAEES (BeAHUER1/SAHIES2) /MHz 200
1) 0 2 452 B U R S AR /s 0.178

AEER ZEM SR 2 (AT FAT) /s 0~ 12 A3 5153 4
B 0P B) (SR A PUE R/ TR /ms 0~2.5 Z I35 #i
EPIRE (RAPUER /S A PIER2) /m RMSE = 18.87

H BRI Gaa8 2 X HE 7 75 T % H T H bk AT S8
P& R EI8FTR, B AifE s PERE W B9/ o [R] B
XF H BRI G AR AN ) 2 BURE BE R H T 7 1 e AL se ) it
TTE, WEI10ATR.

ST LLE Y, = b 25 25 R 8 15 i i 8,
X7 MR ELE-5~10 mZ 8, YJ5HhHiRZEE
~14~20 mZ[i], ZJ7 MFRZELE-20~20 mZ [i]; 7KF
SENLARZ I RARZE L) N2.77T m, =4 e AR Z
BITMRRZE L) N3.65 m, BARGHE R UK 28R, M
FIORT LA H, I @S — 14 H T 4k (E R0 H i
HARSEATIRE, RSG5 HMERZ RN ZEA BT
20ns, I AMEHANI18.6ns. THELERKY, BS—1kH
TR 4k I8 A R G0 F T H AR EAT 352 1 F0 1€ 7 A 1R
WA AT . AN TORT LUE H, Bl 5 ik 22 I 3

B0, 7K 5 A0 A = 4 s 7 35 7 AR AR 25 IR Ok, |
R 12 2 AR 22 TE ) 100 mA %, AKPEhifmER=
2 T8 AR ZE 13 5 iR R ZE P AT 20 m.

X %l (AR 2 /m
o w3

0 500 1000 1500
PisRR

(a) X Hilise fr fi 22

¥ Al LA 2 /m
|
8 o 8

0 500 1000 1500
i st iR
(b Hil i or g 72

2 s Gt
g o

0 500 1000 1500
PiFAEIR
() Z e S fw 2
K8 SR AHE P ARIEE RGN EE o T A T HAREEAT S AUE
fr gk R
Fig. 8 Positioning results in double covering multiplicity based on lunar
relay communication system

£

& 20 .= IR

e 15 W, = TERZE

m 10 ) 4 ‘! - i

= 5 " I

m o 1

s )

“ﬁé 0 200 400 600 800 1 000 1200
DiEEE

B9 JES— i A TH T REE RGN E A T A T H AR 4R
Fig. 9 Timing results in double covering multiplicity based on lunar relay
communication system



2 W

UG RS PRSI S AR R 161

0 10 20 30 40 50 60 70 80 90 100
SR /m
(2) KV Br i 22

KPS 2 (RMSE)/m

4 % (RMSE)/m
=

10 20 30 40 50 60 70 80 90 100
R IR /m
(b) =252 o ffi 22

(=]

10 Gl-S A R T 4R A5 R G EAN R RS BE o0 A T
H b5 i b e 7
Fig. 10 Positioning results in different precision of orbit determination based

on lunar relay communication system

R2 BS—HAETREERZNEBETAPUERERE
Table 2 Positioning bias in double covering multiplicity based

on lunar relay communication system

ZH ¥E RMSE PN E

Xl A i 22 0.50 1.55 8.84
Yl A7 i 22 0.65 4.41 19.93
Ztth 52 7 i 2 —0.94 4.94 17.19
IR AR 22 3.85 2.77 20.02
=Y L 2 5.86 3.66 25.94

E

W@ 20

: s

& J

® |

= -0 1 1 J

o 500 1000 1500

i EHIR

(a) X e fir fi 72

¥ Hl15E A7 I 2/m
5 . 3

PiFEE IR
(b)Y fi 5 for fi 22

b

1000 1500

Z HilsE fr k22 /m

PiFAER
(c) Z 2

B 11 @S AT AE S RS R 5 oo T B AT S e
[DRZE S
Fig. 11  Positioning results in single covering multiplicity based on lunar
relay communication system

FEBLIER b, ARSOGS E 7 5 7 R AT TR RE
i, DIRAEERAEEIL T RGMRSRES, THS
HEMEF S TR (WRIFIR. JERIAGE 1R R
B RO W AR AT S AUE L A R a1 11 B
o PIHEREW], MBCTWEHE &G, &G
ARG ERAR, BREm AL BRI Ko

A S P LA 1A 1t T 0 4 o 2% R BR b 4k R 5
/N TR R AR A RS TR S, i
LT B AN b 2 I, A KPR S ML Bk A% R B AR IR 22
IS, AE AT I BAL RS B W] ik ns B4, I T SEILAE
O i T FHUE AL SR BB WD
ISR, TG R BRI A5 R AN R N A 1 A 5] — I %) R 1%
MEEAE S, B 1 YO I PR 2 i A7 AE RV R XU, A
Rt 1B BB Z AT AR . T 5 AT A A
POt s oL N A RGE AL, B ESHL K
R 1T G AE F 0 3 3h e ) DL A B o
TH LI R

3 4 g

A SO BLA I T R R G R DR AT T T
w, g 7 EAEEE SRR LRI L, BT
P LEMEERG R 7 MHiE S R
KRBT, FA T 2L = F o AR XU 7
TP RMUER T, BRI UUBANEA AT R, &
7R H T 48 E RSB . MR S
BOEROIIFEAT THRREMT . S5 RY], FIHES—
A3 Th AR AF R G x A I H AREAT S AL B
MIRSEE, AT ARRBANE AEE RGBT

WEE S TR R R E AR, (ST AR
55T el T — R R 55K RO A 12 R AN
rRr C B i, A BLR AT AT R . TS AL
P4 28 GE 1) 58 LK JBE AT IR 55 7% 2 22 1) A 8 AH L ) 5 14
RE, EHRREEMN, RGN E R
JEBAR: SR 2 WOEE P RMT SN, BARKE
APrIRTE, (HARIE TR, KRR ESE M SR
AN SRR R v R BRI AR 2o I AME WTIR NI TE
I A 3ot S BRI A A S 7 i, DABRTH R/ XUR B i T
% ALK L o

2 % x W

[1] HEGARTY C J,CHATRE E. Evolution of the global navigation
satellite system(GNSS)[J]. Proceedings of the IEEE, 2008,96(12) :
1902-1917.

[2] KAZMIERSKI K, SOSNICA K, HADAS T. Quality assessment of
multi-GNSS orbits and clocks for real-time precise point positioning[J].
GPS Solutions, 2018,22(1): 11.


http://dx.doi.org/10.1109/JPROC.2008.2006090
http://dx.doi.org/10.1007/s10291-017-0678-6
http://dx.doi.org/10.1109/JPROC.2008.2006090
http://dx.doi.org/10.1007/s10291-017-0678-6

162 AR AR CRIE30) 20214

[3] HAKANSSON M, JENSEN A B O, HOREMUZ M, et al. Review of [13] Z=AF. a0 PR 55 i 0] [ 25 2 G0 42 i U 520K FE (%) 5 1580 78 [D]. b
code and phase biases in multi-GNSS positioning[J]. GPS Solutions, T P EREBEE 7R AR B (E Z P20 a0, 2014,

2017,21@3): 849-860. LI M. Research on improving ranging precision method in dual one-

[4] BUSCHE G,SULLIVAN J M, KREJCAREK L E,et al. Satellite way ranging and time synchronization system[D]. Beijing: Chinese
communication system: U. S. Patent 10,103, 812[P]. USA: [s.n], 2018. Academy of Sciences (National Time Service Center) , 2014.

[5]1 AIG X,SHIHL,WU H T,et al. The principle of the positioning [14] TIAN A,DONG D,NING D, et al. GPS single point positioning
system based on communication satellites[J]. Science in China, 2009, algorithm based on least squares[C]//2013 Sixth International
52(3):472-488. Symposium on Computational Intelligence and Design. [S. . ]: IEEE,

[6] NOREEN G K. An integrated mobile satellite broadcast, paging, 2013
communications and navigation system[J]. IEEE Transactions on [15] LIN X Y. A position solution method for double-star position
Broadcasting, 1990, 36(4):270-274. system[J]. Geomatics and Information Science of Wuhan University,

[71 KAIVANTO E K, BERG M, SALONEN E, et al. Wearable circularly 2009,34(5): 564-567

olarized antenna for personal satellite communication and . N -~ S S e [ N N N
potarz pet pneatt (16] SR, 5 AUARHL L 2 0 8D 2 B ARSTHER (D). TSR Bt
navigation[J]. IEEE Transactions on Antenna and Propagation, 2011, #1,2020, 28(7): 235-238

s ’ : - .
59(12): 4490-4496. . . . o
. . o YI Q W. Single transponding LEO satellite Doppler positioning
[8] LIR,ZHENG S, WANG E,et al. Advances in BeiDou Navigation
. . . . calculate method[J]. Computer Measurement & Control, 2020,28(7):
Satellite System(BDS)and satellite navigation augmentation 235038
technologies[J]. Satellite Navigation, 2020, 1(1): 1-23. o

[91 YANGY,GAO W, GUO S, et al. Introduction to BeiDou-3 navigation VEF A
satellite system[J]. Navigation, 2019, 66(1) : 7-18. BHER (1998 B, W 72k, EEHFC 1) : TEMZ DI .

[10] CUIJ X,SHI H L,CHEN J B, et al. The transmission link of CAPS B THE - 75 2% B TR 2 (100084)
navigation and communication system[J]. Science in China, 2009, HIE: (010062773218
52(3):402-411. o o

M3 44 : xiehr20@mails.tsinghua.edu.cn
[11] LI J,YE G,ZHANG T,et al. A TT&C management method for T )8 5 et ST RSO T
D -, 3, RIWEIT oL, Jifi, FEE : L]
satellite constellation networking process[C]//2017 Intelligent Systems & (%97‘6 o B . LG =
Conference(IntelliSys). [S. I. ]: [EEE, 2017. & TR RIS A SO AR «
[12] FLANEGAN M, GAL-EDD J, ANDERSON L, et al. NASA lunar BRI JE5fE B SRR E ST L (100084)

communication and navigation architecture[C]//Space OPS 2008
Conference. Heidelberg, Germany: AIAA, 2008.

Hif: (01062773218
M3 44 : zhanyf@tsinghua.edu.cn

Communication-Navigation Integrated Technology and Its Application

in Lunar Exploration

XIE Haoran', ZHAN Yafeng’, WANG Xiaowei’, CHEN Xi’

(1. Department of Electronic Engineering, Tsinghua University, Beijing 100084, China;

2. Beijing National Research Center for Information Science and Technology, Beijing 100084, China)

Abstract: Satellite communication-navigation integrated technology allows users to achieve communication and navigation at

the same time. Compared with an autarkical and independent satellite communication or satellite navigation system, a

communication-navigation integrated system is more comprehensive. At present, BeiDou Navigation Satellite System can provide

radio navigation service and radio data service, and most satellites in the world can also measure the distance between satellite and

ground station during communicating, even providing time base for satellite. However, there is still a long way to go from these

existing practices to the ideal integrated communication and navigation system. Based on satellite communication, a new integrated

communication-navigation architecture is proposed, and a case of using the lunar relay communication system to achieve lunar

navigation in the setting of manned lunar exploration was given. The simulation results show that the proposed communication and

navigation integrated system not only provides communication services, but also provides high precision positioning and timing

services for the users on the lunar surface.

Keywords: communication; navigation; ranging and timing; covering multiplicity; lunar relay communication system

Highlights:

e The existing communication-navigation integrated system is introduced and its problems are analyzed.

e A new integrated communication-navigation architecture based on satellite communication is proposed.

o The high precision positioning and timing service during communication can be provided by the proposed system.
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