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ZERE, HESD T SLI PPPIN A% 33 BOR B T A f&. SCBIR (2] 2R HTRTS TR % A 1) S v 4
B, KA [ B IS5 52 56 2 1K) N ] 4% 38 &5 SR BEAT 70 A, 25 SR AR W S I AL g ) 4% 6 &5 R
FX T2 BRI T7 2 790.3 ns, I AR 1) RASE FELI 2% 10715, SCHR (3] 45 FH H B v
(71 A 3285 B PO 00 00 500 AT AT 5, R UL SE I PP PR [ 4% 38 1) 4 22 AT AIA 31250 ps. 3C
Bk [4) 52 Y — Tl S GNISSIN ] 4% 38 553%, % 07 VA SO AL SEPPP LN 75 1, 3 aod A4 2 s ]
FRLZERLIN T RS, ELEE TSI vl T IS R A% 5 2R, I R A% 3 AR HE 22 /N T70.3 ns. AE
NRTSTLFEMEE S 5#, CNES (Centre National d’Etudes Spatiales)) i H /s 75 %
HORE Az 22 VA 0 95 5 PPPASOR 2 [ 7€ B 7T i 220tk b, JFJEPPPWIZARD (Precise Point
Positioning with Integer and Zero-difference Ambiguity Resolution Demonstrator) T.F2,
R R T S IS SR FE2 T PR A7 i 22 777 e, Az 6 SN PPP RSO B2 [ e 1 R 1T, 76 I (] 43
SRR, [ PR v R T 5 HE AR A By I A TR AT 2R A 326 14 BE EAT SR AIE, T F TR T
SIS SR 52 1] T FR) IS 17 A 338 P AR BN — I A T ) 2 S PR AL
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Commission for Maritime service)-SSR. (State Space Representation)#% i ik H. I ¥
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ANZ 25 I PRS- 7 i S v T I 0 22 B v S PP R s 2 ) e e ) A 3 5 R, BT
AR ML BRI T2 25 o 22

NTRIP Server E
External Clock v l External Clock

i / Broadcast Ephemeris -
Receiver ‘ ! Receiver

Y
A
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___________ L e e IRV T
Observations <— Brecise Corrections —7" Observations
[ PPP Estimation v PPP Estimation [
" ‘y " v "
i Clock(i)-Ref | i Clock(j)-Ref
I I
S, 2

| Clock(i)-Clock(j)

K1 SPPPHEfE#%EE. Clock (i): AMuE#h; Clock (j): Z%it4h; Ref: Wf[EIFEHE.

Fig.1 Principle of real-time PPP time transfer. Clock (i): the local clock; Clock (j): the reference clock;

Ref: the time reference.
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Pr =p} +cdt, — cdt® +dryp — dip + 17 + EiIF , (1)
LIF = p? + Cdtr — Cdts + Dr,IF — D?F + )\IFNrS,IF + Trs + ef’IF s (2)

A, EbrsRoR TE; FharRan#B i, FTRIFR/R CHEZEH G, PAILY BIR Ry
PR 28 O AR ST ML (B A7 m); piRos PR Sl (B JLATFE B cRm B2 G
At TR BRIV 22 (BT s); dFR R D R AR A AR (FA7: m); DRI 3R AR A B A 4
RN m); \pRoR CHEEHEGRE S KR m); NpRoR LHEEBE S
B(HRAL: cycle); TSR RITT N E LEIR (FAL: m); eSFles 53 7l 2 7~ D R RN 4 AH A7
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{IPPP AL 7 R il Koy

Pip + Abp e = p; 4 cdt, — cdtp +dvie + 15 + €5 15, (3)
Lip 4+ Abpp = p} + cdt, — cdty, + Degp + Me Ny g + 17 + € 15 (4)

A, AbPJFﬂEDAbLJFéJ\%IJ%%%%%EéﬂﬁﬁﬁﬁEG'fjJEE{ﬁ%*D*B{j{ﬁ%Fl%($4jl m),
dts, FH At 73 9 Fe A S A AR IR 1R O BB o 22 FUAR AL B 22, U0 SEE B v R R USOM LA 22 AT
1 EE 2 BRI RE A 55 A B A A2 B3R, B

{atr = Cdtr + dr,IF (5)

Ar N = AMipNig + Dyir — dy e

o, A, Ron bRl vh O b 22, N SE B il v ROBORI B2 2 4. B U3k B, A
AR 22 7= il A P 38 S T L ity P IR A SR B M AR FE 2 B S, RO P S 40
B 1 SOML v B A 2 3R i 2 T LAJE Ik B UR) B 2 VAT BR. AR SCXFGPS. GLONASS,
BDSHIGalileof) % 24t PPP 7 i T I 7T, A8 FHAH ALl 22 7= it [8] 72 GP S F Galileo I AH
PERCH R, T 45 i T2 b Z 4 R G PPP LI 7 FE

P+ AbB e = p} + cdt + T3 + 5iIGF

PRE 4 ABRL = g5+ cdtS + TSFBGRx 4 75 4 2R (©)
PG + AbSyp = pi 4 cdi€ + ISBOC + T8 4 226

P+ AWy = pf + cdtS + ISBEE 4 T 4 58

LG+ AV g = pi + cdtS + AGNSp + T8 + ey

Ll = pi 4 cdt + ISBORe 4 AN + T3 + el Y
LG = pi + cdt® + ISBEC + AGNSGp + T7 + €51 |

Lip + AbE,IF = p 4 cdtf + ISBEF + )‘FFNEIF +IT+ ei:FF

X, FARG. CHIES AIF /RGPS, BDSHIGalileo £%%; FARR, % R%w 5 AkFIGLON-
ASSTE; ISB (Inter-System Bias) %7~ R 4t [A] i 2 (F47: m); ISFB (Inter-System and
inter-Frequency Bias)Z 7~ £ 4t (B AU 8]k 22 (BA7: m); N, e 37 B0 B2 SO Lo 58 44 4E
SRR L IR FE S H (AL eycle); N w27 [R5 B USOH L 5 22 05 50 1 HEE O 1 22 1
B FE S E (AL cycle). YT MEEWHLN F, F— & HEWILER B AR SRR
&5 A BB A ZE R A AN 1Y), X b 2R G TR A SR ) 22 A RR O R GE Al 22, L Ab,
T GLONASS T & KA 453 £ 4k (Frequency Division Multiple Access, FDMA) {5 5
&, A FGLONASS T ) TAESZ I A A, FEGLONASSIE 5 (i 4 & B A7 1E
A ) %2 (Inter-Frequency Bias, IFB). A SR SCHR [7]3& H 1055, R DR B2 2500
I GLONASS T & [MARAIIFB, [R5 4 SIGLONASS T2 ) O BEIFBREAT SR 1, DU
FEMGLONASS L2 HI P FEIFB I &R 4:

dEfF = dE?F + 5d5ﬁ? ) (8)

17-4



61 & R T4 BT SER 2 R GePPPASTRY FE ] 7 fr) i [ % 38 572 2 3

A, dip R AR TEBOHLIN () GLON ASS O FEAE £ 4838 v T T S o 3k [ 0, 45 (1) 46
3 (SAAL: m); Sl b AN TE RSO3 (1) B BEAE 48 38 v, A4 TL R AR AT 130 4 (B AL
m). H T GLONASSHISBMIFBZH 2 [A58AHK, Joik FINETHISBAIFBZ 4L, ik #
HAHNISFBSHL, M% REiPPP K% 2 25U S5 E S 53R R N:

cdtl = cdt, + dSIF

ISFBSRe = d'o. + 6, %y — dSip
ISBSC = d — dSp

ISBGE = dP, — S

G NG \G NG a G
AN = AeNer + Die — die

R ATRe _ \R aArR& Ry s,Ry Ry s,Ry,
AN, e = AMpNdr + Dote — Dip © — dyie + die

C N7C G AC C s,C_ C s,C
AMeNer = AwNor + Die — D — dip + dip

E VE _ \E nNE B B
A Ner = AipNer + Dre — diie
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N, GPS. Galileo W I Ai {5 FH A AL 22 7= S 2 I, 385 1 T2 2 o il 2 b 38 Bl AR i 2 500
WU, A SR FH A T B 2 R 5[] s 2 49 i) [ 52 GP S Galileo ) 22 4t N AR . SR
FKalmanj 3 77237 S50, i S8ERE: 1M RRWLE 2 3450L 1/1BDS& St
WMZESH. 11 CGalileo R GLE R %= S . SGLONASSE E ¥ = MHEMISFBSH. 14
XL I IR S 3 DA T 5 00 W T B AR A (BRI FE S 8. (ERE AR AL 5 B T T, AR
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3 EEBREEMERERE

B AR BE (1) [ 5 3 Bl id Melbourne-Wiibbena (MW ) 2H & WA RS2 HL. MW
A WLMAE AT PLER 7R N #E AH 47 %8 4% (Wide Lane, WL)4H & 5 fh 5 % 3 (Narrow Lane,
NL)H A 2 Z 178 300 3z A T B R AS0R 8 ] s S5 N 37 5. o e [ o
Fh R RO RS, B2 TR) 22 MW A S LI P R 7=

(10)

Aw=AMw — AArw=AwL Ny, + tvw — Bt T+ Enw (11)

A, EbpigRon LRSS TR IR 12 R R ZRAE, Nwi R 58 BB, Awe &Ko
T8RRI EET A e nawy BT MU L 1) 5 5 AR 5 /N B0 i 22 (B2 m); i RS 2
S 98 A RS S /N M 225 enewy 3RS B8 LI M 75 (B m). bl T S AR RO R R K
K(GPSIILL. L2ABk v AP £9°80.862 m), WL 75 DL K 35 UAe sty /)N 80 i 22 ) A48
JEE [ R FEMA 50, 28 3oL 5 B4 1K) 73 e )~ B AT SR P L R 1 ] 9 s R

SRJE T s R A B I, AR S B R SRR I SC RN

ALV = (a0 — 1) NGy — Me Ny (12)
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b, N RN B2 BRI E, M Bn BB, MWB IR L0155 WK, R
R Rl E RE B a=F2/ (2 — £2). HTEBREKER, B E S5 MK
PRI R, 78 AR ORI FE 1Y) 18] 5 8 I e /) — eSO B [ AH OG- 22 (Least-square Ambiguity
Decorrelation Adjustment, LAMBDA) 777453 312,

I3 T TG HL B9 = R ZE AT P2 . AR 2 [T ) 0 A RO S R A R MY 2 1 215 31
TG LB SR RN PO [ 7 i, SRS LATIG R 8 JE RN FEE (1] 7 il D9 0 SRR AP, ) DL 0 77
P2, I SR F A 2 H0 [ 5 i

)\IF (NIZF — NI]F> = )\NL [(Oz — ].)/\QN\%L/)\NL - NlinL] +v. (].3)

A, N FILN 73 59128 7% 5854 U0 38 5 850 T2 () A [ 2 1 9 2 O P 88 2 B s v 3o R
WL 7 2RI RS, Beo = 1 mmlt3l,

4 SIS

ARICEFE3N B % = Ve Re SR TR TGS 3, 6 FH CNESH# & (1 CLK 9352 i 7 i 12
TS, IR EA20184E2 H 16 H 223 H 24 H (B H 047-083) #1137 d, ABRUX
s A0, ¥ BRUX-CEDUMBRUX-STR1 8] 4% 1% 4 i, X S i &L 5 Al 22 7= 5y
R, SRR E [ E A2 R GEPPPIN AL 3 M e HEAT I 7T

4.1 ZIRERMMPEZRRESH

RN AR H 0470831 S I A2 [y Al b 22 77 Wt A BE 4 1H 3R, BIUIEAS B2 LLGFZ (Geo
Forschungs Zentrum ) £¢ 33 1 ST I #U1E 1935 77 #R i% Z (Root-Mean-Square, RMS)
RVFAFR bR, TP GPS TR PUELE V) 7 R [ (1) ~F SIRMS 5/, 49 51 43.29412.82 em,
LS GFZE 247 i i — S RAF. Galileo TR HUE P HRMSE 42.08 cm, B /N FGPST
B AERAE D] A R A I RMSE K. S FBDS P 5, MEO P 2 B i & 5 0 AR
TIGSOT &, (HEAARE, H T CNESTEN K HLIX BDSSE i Ml st %5 & /b, BDSZLH] %
TEAE FEA SRR 22, W T80 Z2 7= oA FEVEA, A S BT[] ROBE K 03 =2 VP Al 1 g T, AR
ERE 5 NG25. RO7. EOSFICIAR LEMEANSH RGN EETLE, HEiMH AR
W DR ZMN T 25BN ZME, R THEZEES RN T GFZZE A 45 R FIRMSH R
#fE 7 (Standard Deviation, STD), 3 H 8k Z PPl 45 B SHUE PPAL &5 R EAR —3. FER
B2, R GalileoSER] 7= i 5 GFZ 8 47 i — U BT, (HSCHR[14) K IR, GFZ i 47=
i I Galileo LB ¥ BZAK T-GPS#HUIE, KIL/EF/EPPPiHE T, GPSHIGalileo L — fik
W1 2. IR P AV 22 o R VAR, AR SC iR 2R E SER PPP 4 R 4 (GPS: GLONASS:
BDS: Galileo) M ME AL E L 1. 2: 3: 2051 KA BDS GEO T2 B T HLis B 25 4 B e
7, F%FBDS MEOFIGSORL E B AIK A J5 K (1)1 /1006-171,

4.2 SEMEMEE MRS

A HN2018-2 H 16 H (FEAR HO47) WL EHE, MATDRA 2 [8] 2 Bl 2h 28 15 B B ] e
B 22 50 AT R THT 4 AT EL R GPS 5 Galileo FRRRORY B2 ] 5 14k B, JH FRORORYA 32 ] 5 Rl o % K
AR [ ratio-test A A% ok Ze i i 1T RSO B ] 5 Bk 22 o0 A 17 4 /N F0. 15 (1 4%
S ASOR E 18] 58 Bk 22 T o F 40 LU . PRI 23 T BN ] o e h R s i, B e sk
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61 % K% JE T3 2 RGP PP AU FE [ 52 (¥ I R £ 33 5 1% 2 3

oo

TUHCHR () GP SR BE S [ 72 2T 45891%, 11 Galileo 1 T35 [ 18 2 29 970%. B3N %
GO JEE [ 72 5% 22 20 A BT o B o bR B, RIS ] e S RS (TR AR N R 2
ARG, BT GPSBORE [F 5% 22 /N T-0.15 )8 1 HL ) 2 5 T Galileo, 3 BRI [ 52
JoR B i, T AR 2 M PR 0N AR P ] S 4 SRR W, GPSSIZI AR FE [ 5 1 R
W 50 F Galileo, JR K —J5 THI7E T-GPSII S 77 5 (L2 SUIE. Bh 2 MM 2 ) i R 2
. F Galileo, % —J7 H7E T GPSTEHL TR $ &= E 0 2 £ T Galileo.

xR1 EMERFMWE~RRE
Table 1 Quality of real-time ephemeris and clock-offset products

orbit/cm clock-offset /ns

system
radial along Cross RMS STD
GPS 2.50 3.29 2.82 0.39 0.18
GLONASS 2.74 8.03 5.46 1.10 0.58
Galileo 2.08 6.38 4.41 0.74 0.41
BDS GEO 56.69 106.01 297.56 1.54 0.92
BDS IGSO 10.99 25.43 32.74 1.26 0.59
BDS MEO 4.00 15.26 9.89 1.19 0.51

GEOQO: Geostationary Earth Orbit, IGSO: Inclined Geosynchronous Orbit,
MEOQO: Medium Earth Orbit.

[T Galileo
100 f I GPS
S
£ 8ot
' _
()]
[72]
[0}
(8]
(8]
=}
@ 60f
40

BRUX VILL HARB CEDU STR1
B2 RO e RE R S it

Fig.2 The success rate for ambiguity resolution

4.3  BfEMRIEMEES T

ARSI UEARP AN R PPPAE 2 TAEVERE, 4556 22 28 Gt WL AR 55 AopH 152 [ X I [ A
HITERESE T, VRARME BNk, FERE PR [ AL 3 A R RN, A SCLARE FIGS iR 2
BZEFS R OIS (AR B 25 RAE NS B, T FR AL B 5 R A T 2 5 E IR, 1T
FEPPPI [ A% PERE. il S i (8] 4% 3 v (1) H AR ROS RPEAG 45 R, ASCE S it R
I T 2 R IR HE 7, AR5 THEE37 dbmRiE 7 45 R -V 1 H.
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[T Galileo
100 + I GPS

&
L 801
[
£
[}
o
&

60

40

BRUX VILL HARB CEDU STR1
B3 ANT0.15J8 B4 BB A & 1 20 Ll

Fig.3 The percentage of NL ambiguity residuals within 0.15 cycle

#* 2 AEPPPAEERXAIFMER
Table 2 Details of different PPP processing modes

processing mode explanation
G PPP processing by GPS PPP without ambiguity resolution
GRCE PPP processing by multi-GNSS PPP without ambiguity resolution

GRCE PPP AR (G) processing by multi-GNSS PPP with GPS ambiguity resolution
GRCE PPP AR (E) processing by multi-GNSS PPP with Galileo ambiguity resolution

K4APPPILE L R 5IGSSH M 75, AL HIG PPPLAER A Xt . K
t, STRIMBEAFAEFL T4 B INEE BRI, FEAFEM X I (R4 33 A PP A 0 TR =) A et
(LI EEE, 2 Fh TAERIUT A AL s 45 AR E AR — 5, L GRCE PPP AR
(G MMEB LA RS S H — SRR, vl ZEF SIS R RS, NG
PR bR AR AN [R] AR, 50 i 8] 4% 38 bn vl Z A0 G PPPRAR I B IR AT SE it
KHGRCE PPP. GRCE PPP AR (G)FIGRCE PPP AR (E)#z:(HI EL TG PPPHIAR
221 35 B W 43 N 7.0% 38.1%H130.9%. T I %of 5 1 FL 5 431 AT LAAS H DA R 4 i
(1) 2 Z G WL FIASOR] B2 [ 52 X T LSRR T I TR) A% 3 PR e, (H S IR ASOR] 82 [ 52 717 >k (0 1k
REFRTT AL T 2 RGUMIMME; (2) GPSHUMEE [ & 7 K i Pk RE$2 T+ AL T Galileo, %
JR R 5 GalileoSER 7 it it B A RAEL TAE EEBEAR K, ) GaisHEZ R/G0WNMES
HEOR FE 8] 7€ (JC A2 GPS S N ASURA 2 [i] 52 ) Xof I [ A% 328 oy SR (1 P RE ST o

#= 3 ETZRSPPPRIEEIEFREE (AL ns)
Table 3 Standard deviations of multi-GNSS PPP time transfer results (unit: ns)
time links G PPP GRCE PPP GRCE PPP AR (G) GRCE PPP AR (E)
BRUX-CEDU  0.104 0.096 0.063 0.066
BRUX-STR1 0.079 0.074 0.050 0.059
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Fig.4 Time difference of multi-GNSS PPP time transfer results with respect to the IGS final products

(DOY: Day of Year)
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Fig.5 Reduction ratio of STD values for multi-GNSS PPP time transfer

5 45

A S F CNES 23 A A OB A IR SR 2, 7E28- 6 GPS. GLONASS. BDSHIGalileo
Z R G MAE 1 5Ll T 3EATPPPIN 8] 4% 6 BF 78, A% 560 T 4R AN W PPP L {F £
G PPP. GRCE PPP. GRCE PPP AR (G)MGRCE PPP AR (E), 7t £ R4 MU
BT DA B I B RORSA P2 [ 7 %of B [ 4% 326 R PE e B . SR 25 SR s SIER G SRR 2 [ &
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Time Transfer Algorithm Using Multi-GNSS PPP
with Ambiguity Resolution

LYU Da-gian ZENG Fang-ling OUYANG Xiao-feng
(College of Electronic Engineering, National University of Defense Technology, Hefei 230037)

AgstracTt With the development of Real-time Service (RTS) project, timing users can
apply the real-time Precise Point Positioning (PPP) technique for time transfer. As a
participant in the RTS project, Centre National d’Etudes Spatiales (CNES) implements
the PPPWIZARD (Precise point positioning with Integer and Zero-difference Ambigu-
ity Resolution Demonstrator) project to validate the PPP ambiguity resolution. In
order to analyze the contribution of multiple global navigation satellite system (multi-
GNSS) and real-time ambiguity resolution to time transfer, our experiment used the
observation from multi-GNSS, including GPS (Global Positioning System), GLONASS
(GLObal NAvigation Satellite System), BDS (BeiDou navigation System), and Galileo
for data processing. Meanwhile, the real-time products from CNES were utilized to
examine the performance of four different PPP processing modes. The experimental
results indicated that, of all the processing modes, time transfer using multi-GNSS PPP
with GPS ambiguity resolution had the smallest standard deviations (STDs). The STD
value was decreased by 38.1%, compared with the time transfer results using GPS PPP.

Key words astrometry, time transfer, methods: data analysis
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