#6145 F6i N = S Vol.61 No.6
20204111 ACTA ASTRONOMICA SINICA Nov., 2020

doi: 10.15940/j.cnki.0001-5245.2020.06.002

EFCGGTTSHIAL 35 A% BTa] 4 &E

Ff

oL? FHRLIS R RIS TR skl
R g2
(1 #FEHMFEERZHF QO E L 710600)

(2 FEMFREAMELEEALRET B L 710600)
(3 FEBFRAFAXEZEAZFR L 100049)

FE (kB E bR R % 2 R £>(Consultative Committee for Time and Frequen-
cy, CCTF) GNSS (Global Navigation Satellite System )i [ [ T 1 45 il 12 ¥ B (] 4% 328
FrifE (Common GNSS Generic Time Transfer Standard Version2E, CGGTTS_V2E), %t
XFGNSSEMCHULIN R Dy BEAF 5T & 7 Bl ab B A, BT A libn vl sUI CGGTTS 3
P, JERT AT FEVEREAT T U0 0E. 45 KR, Ssbf2cggtts A ERIICGGTTSSUAFAALL, 75
[E— 3ot , 430 F A A EGPSFIBeiDou-2 T2 MLINAE TH B B Hhdh ZE AR —5, B
ZASHEA B IL0.5 nsHY ZAE 75 73 5 S H96%. 94%.  BAH [E FRAE R B UTC(NTSC)
(Coordinated Universal Time (National Time Service Center))AZ7%, il FE#E A #E#
143 73 %¢ BeiDou-2 I BeiDou-3 T2 (¥ BRI B3TRUSH HH 15 J2 25 45 00 U 1 4 38 I 26 Bl
HER W CGGTTSIC A, i 75 #7 H B 3t o 22 2 B0 BeiDou 5 42 IN 8] 1 12 BE 14T P74l
4130, 5BeiDou-2#ftL, BeiDou-3 R St [8] i A 75 & kS L3 5 £928%, H1 A b
Wz e E I AR T BeiDou-2.

XER BIELERH, CGGTTSX, BeiDouZRZiktE, AFFEHEE, FREM
FESES: P128;  SCHEMFIAE: A

1 358

IRE KPR SHARGHAMA B OHAL RN R RS, 4ERet0E. nIEER RGN A2
TRBMRG AR S 8 AR (PNT) AR % 1 a3 o GNSS
(Global Navigation Satellite System )] 5 4t i [i] 14 fg V¥ Al B A5 21 22 (1) T8 AR
. Jb=F PR S 6 R4 (BeiDou Navigation Satellite System, BDS)¥Ii [8] R4t ABDT
(BeiDou Navigation Satellite System Time), PAEBrEAL§](SD)FP NI A BBAT, L R
THHAERD. 288 <=0 iR RS, H ATk TR U ARSI % e dull el

2020-02- 1845 F1 J5 i, 2020-04-084 FIE ik

*[E K A SRR 554 T H (11703030) B B

Tsdong@ntsc.ac.cn




61 & X X %= K 6

AR RIBY BE, FiT20204F K 4 1 i i BeiDou4 Bk R 40, AR 55 Vol A E K HL X 3 Jig 3] 4=
Bk, BeiDou-3 T2 K 1 9 w1 RE 0 2 skt JR 7 B AN &0 1 8h, R R 8 FE 4 il il ik
F10~ 14105, HBeiDou-22 85 ¥l — MR M o,

BDT ik F& [ [H ZKbr i [ UTC(NTSC) (Coordinated Universal Time (National
Time Service Center))-5 [l Fror ki A1 I tH FLBT (UTC)BUAF B R P, Bk SCHER (3]
EEIUTC(NTSC)¥BDT#lIE 2| UTC, i1 7> #rUTC-BDT I At BeiDou ] & Gt It [A]
PERE. A CERHC B UTC(NTSC)E NBDTHIHIE 2%, #id 0 HrUTC(NTSC)-BDTH]
fE R VPl BeiDoulfy R Ze i ) M g, Jyuth, SCHR[1-2)38 5 g 7 A6 5 2 A S i 0 (BSNC)
5 E Z I 0 (NTSC) 2 [8] i BeiDoudk MR H X 5 # i+ S UTC(NTSC)-BDTHIMH; L
HRk[6] A\UTC(NTSC) A5 5 852, il i % 52 i BB BN 21 i b =F O FEAS 5 b 22
1S UTC(NTSC)-BDT; 7E [H Fraii % & #1123 1 23 (Consultative Committee for Time and
Frequency, CCTF )i il & 4 & i ) GNSSHY [8] 4% 128 A% #E (Common GNSS Generic
Time Transfer Standard Version2E, CGGTTS_V2E)H Wiz Z2 {8 I TH B 77 7 v
HIAEET, S HREFSYSFoR, A3 2 BT SL Il R Guh 7] 5 i 225 1k 2 7] (1 £
7. ZE SN SN R SR M NGNSSERALN MR S %55 UTC(k)F %, H
HERESINUTCUH ARSI =, U AT T X GNSS R Geh [a] (114 B PEAil.

UTEeAE VR 22 [E N AMIE T R YE CC T E MCGGTTS_V2E, X 2451 22 Sz i
HLIIRINEX (Receiver Independent Exchange)$(#s XA H K& 7 M CGGTTSIHE AL
s AL B A, T AR bR E FICGGTTS A, e AL 45 R i [ 37Kk 3 6 (ORB)
RKIIR2CGGTTSH A o B A} 27 5 [ 52 o0 IF R i Rinex2CGGTTSH A FllSep-
tentrioB2 AL P B MIsbf2cggtts RS 1 H JTHE 4> 248 2 AMGNSSHLE A 1F T
P Ja e # Ik 2 BeiDou-3 LEE 5, (2 LR A HAREXN RINEX U 1 BDS-3 1
BB E AL B BEXE AN R, AR SCRI B 3B T R Bt b BT AR R T
GPS (Global Positioning System)Ff1BeiDoultlCGGTTSFr#E A, H Hsbf2cggttsik 14
IGPSHIBeiDou-24b B 45 it 47 1 LU XTI IE. f 5, PAUTC(NTSC)FE Jv i [a] 24 #E, JE
I 43 #7 b #ECGGTTSHE 4 ST A4 Hh HiBeiDou T A2 WL I 1+ 5 REFSYS S £U1H 43 il
XIBDS-2. BDS-3fIBDTEREBEAT 1 P4,

2 HEFRE
2.1 EMHESHREFSYSHiItEEES TS

CGGTTS 2 [ Br [] Lty AR SO 2 —, A B el 2 S5 (REFSYS) MY 2
I 18] Lot (1) S8, 1 5 AT F T GINSS R Gl (A1 1 BE VAl . V1 5AT — B %12 R 22 ) 2
A JER FH A A Bk (KIS 45 S UTC (k)82 NGNSSIHTEE ML, 753545 10Dy 5 00
LA R R b U AT BE B8 K L B )2 XU 2 5 85 TR 22 T 5| Ak (A B P SiE . T TR R
PRGE HAE—AN R, R 0 R A O BRI T REFSY S H i #2:

(1) PA16 minAy— N IR A D2, 52 minH THi#E L2, 13 min RS, &
Je 1 minkbFEARE 218 BB SR AE A 30 s, MII3L AT SR AL 26 2 WL A ;

(2) %37 D BE LI 7 R, R B A s OUAI D B 9 25 )2 A 1 R A — I ke
ZIA B 5 R R et 22, BARTHE (1) -(3) 2



61 % ¥ OMREZE: T CGGTTSHIA 35 R Gu 8] 1 RE P-4l 6 3

LV R

Srefsv = tock — tsat

1 (1)
= - Pi - ”7sat - ?rec,i” - 8} + Atrel - Ation()ﬂ' - Az(:tropo - GDa
C

A, Srefsv Iy T 2 20 A T AL SR80 Ol R0 I AEL v B 1) A b A 55 48 - B R 22
telocks  bsat 73 RN AN 5 TR B HE A HROGIE, PR R G0 4E J5 400 £
CHBE A, T fabs <" RBERE T T ars T reci MRS TR AU R L 1E E R
i3k 2 % HESE (International Terrestrial Reference Frame, ITRF) R 3DAAKR; so-5 1
Bk E % H1 K 1) Sagnack N, At AFST IR UIET, Ationo i N HE B Z I IE, Atiropo ART
JEHTEE, GDoN A b &) gE1410),
XU HL 2 = 2H i
Drefsv = tcock — tsat

1 (2)
= E ?IF - ||7sat - 7rec7 IF“ - 8} + Az‘:rel - Attropo - GD>

A, Drefsv AE RN ZR T T 0000E B 25 )= Oy B 20 & IR T 53 A A s b 5 2 08

TR 2, Pre AR R G L Ja i S0 25 2H S 00 .
Pir = ;P + (1 — a;j)P;, (3)

A, ai; = 5 f27 RS B 2 AL G REG fin [N ILNME .
(3 )frﬁﬁ*ﬂfﬂE’Jgﬁi’@%@éﬁRefsys F(2) 85 (3) 2T 55 Ry ZE A8 N _E 53 B2 I 20 )
DB R AT SRAG I 2 A b 55 TR AR G TR R 22, DL (4) 3

Refsys = tclock — tret = (tclock - tsat) + Atsa‘c 5 (4)

R, e N IR RGN A, At N PSS TR RGN A 22, nlEs T #% 2 T 2 5
K15,

(4)E P IR (2)—(3), PRI 5 % 8 B A 25 B %0 1 B2 B ZE Refsys (k) (B = 1, 2,

(5) %t 25 B (4) 3R H 1126 M RefsysH BT i /N LR RN A, SR 5 B AP [A) B 1 i %o 1
FMEAE ACGGTTS A H X BB AR AL I REFSYS S 4014

(1) (2)=\h i R BB B SR S 2B FAR K CCGTTS S A S 4
FIVEANTH S RE °T 5 2% Sk [6].
2.2 3 sigma;kNZIpRHEE

3 sigmayk U AT F 4 b s A AR . BT IE S AT Rz A ITIRGL 4h

FLIREE, AU SR AP AR, AR 442,17 0 T I RO A TR ) 4 R T S A R 2, X

Rt 2 S0 R U (R VR RE PP A5 BORESE. DRI, 5 VP04 AT & R 22 (AT R I AR, F I
Feds 13 sigmaiZ U 5 BRAH 22 1 A B 18

61-3



61 & X X %= K 6

BB ML b A 5 BEAL R 22 HUIRAIEZS 7041, I IREUE % 2, R B
LR ZIER ﬁj‘ﬁﬂﬂ%?ﬁﬁ@ﬁﬂ\ﬁmﬁﬁﬁmﬁﬁﬂ' I, B

T oo g5 = 1 5
e )
o2 J_ ( )

Sotr, o B R 2, o AXTAUR, 6 MR 20, WIBEHLIR V5 {E 0 5+ o9l 1
% A0

+6) e~ /(20 45 — / -8%/(20%) 45
o aﬁ% Wﬂ : (©)
%6 = to, AN (6) 17
t
p(£6) = J% /0 /24t — 23 (1) (7)

U, () bRk IEAS /AT R 4, FE T A RIS

Mt = 30, 6 = 30, FH(7)RATHHEp(£30) = 99.73%. KL, AL E KT
3o IR ZE AT RE BN, 8 E PR30 AR PR R 22, 200 515 22 RO AR R T PR iR 22
I, TR A 22 75 7 ASH B

3 BUELIESSh
3.1 CGGTTSHHiTH

S ERAIE FIT T R (B b E AR 1) P S, B UTC(NTSC) A 5 25 (5 5 4 N\ b
FEGNSSHHL, F 1% B HRFEIRIBE 30 s, 1 T4 AR B0 BT 8 42 USOHL I 7 40 i
BHAEE. 1#H12019-08-19—2019-08-26 (fil {4 i H MJID: 58714—58721) i8] F| fH £ Hi %
PEMHINTP3R AL FIGPS M BeiDou T 2 FIRINEXUL I H 4. I FI AT A (0 8045 4k 214K
PEAINTP3 LN B Hsbf2cggtts B AT 73 73 % GPSHIBeiDou T A2 i IEL A I XU
LB R 2 5 I 7 AL B AR AS [ 1) B2 PR 2R AR HE R CGG T TS ST A

®1 RUIEERS

Table 1 Receiver configuration information

Receiver code  Receiver type Antenna type
NTP3 PolaRx4TR, ~ SEPCHOKE_MC
NT02 GTR55 NOV850

HCGGTTSX M HREFSYSZ HE A 2483 sigmaik W HIBR%J5, 73 5%t [F] — i
Fr T ) I — 5 O B S I REFSYS 2 Bl 3T o, Z 1 45 5 0 &1, Hg
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B R B LR LA R 2 A 3 GPSHIBeiDou-2 P& MREFSYSIE 34T 1 i, H:
ZAENAREFSYS. HEL. F20] A, BRI EAIREFSYSIE — S 84y, ik B R T
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Fig.1 Difference of REFSYS parameter values calculated by two softwares
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Table 2 The statistical results of the difference of REFSYS parameter values

calculated by two softwares

Receiver code |AREFSYS| < 0.5 ns
NTP3 96%
NT02 94%
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=S BIIMIB3L, #A T & B3 A4 % BeiDou L2 FIB1TRIBIIAUH L B J2 40 4 A0 A
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Fig.2 Difference between UTC(NTSC) and BeiDou system time (uncalibrated)
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Table 3 Allan deviation statistics of the weighted average curves of BeiDou-2 and

BeiDou-3
Tau/s BeiDou-2 BeiDou-3
960 2.28x10712  1.96x107'2
1920  1.13x107'2  1.01x107'2
3840  5.72x107%%  5.96x107*3
7680  3.16x107'* 3.25x107!'3
14500 1.84x107'® 2.12x10713
30700 1.16x107* 1.01x107'®
61400 5.35x107'*  5.13x107**
123000 4.48x107** 2.11x107'4
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PLIN AL ¥ i 28 o 2 % 43 5l i HBeiDou-2f1BeiDou-3 T /2 7E %% B 45 F 1)
UTC(NTSC)-BDT+DAH AH X AL F 448 ) fw 25, HRMS (Root Mean Square)fH ]
TEER:

n  Mmp

> D (X — X;)?

h=1j=1
n

> my
h=1

A, RMSH i 0] B 4 F BeiDou T & O FE AL IIE v+ 5 FTUTC(NTSC)-BD T+ DE I
WIFFE R B X, AR BRI BeiDou T2 78 85 j WL & JHTHE TUTC(NTSC)-BDT+D
B, X, FRIEH A AT H I UTC(NTSC)-BDT+ DA [ IIACT M, n A& TLEA
H, g, R R TR PRI JE

L4 gt HiBeiDou-2M1BeiDou-3 2 4i i [8] [JRMS1E, 5 BeiDou-24H Ll BeiDou-3 %
SIS AV A 5 5 R B3R T 2928 %

% 4 BeiDou-2#1BeiDou-3 R G AT BN T & 15 E
Table 4 Internal precision of system time of BeiDou-2 and BeiDou-3

BeiDou system  RMS/ns

RMS =

: (8)

BeiDou-2 3.2
BeiDou-3 2.3

NT AR PR A KNS EUTC(NTSC)-BDT+DIEA K, 5 (a)s 5
(b) 43 5l 45 Hi 5 K A BeiDou-2f1BeiDou-3 T2 76 AN A & BE /1 K B X B2 I UTC(NTSC)-
BDT+DIEMFHE 4R, HTC01-C053 NBeiDou-2 7 4t 1) 4 Bk [7] 25 4138 (Geosynchro-
nous Earth Orbit, GEO) T2, 7E%J HUL it 72 o i B A AR A K, BT LAEIS (a) H i i
giit. XTHEES (a). 5 (b) e IR RIE H, BEE TR & EE A RN, 2377 FiBeiDou-2.
BeiDou-3 T A W IIME TH A R 45 R — St 39 i e, U BRI 12 v BE i R/ s AL T
AT

MES (a). 5 (b)ERH i, £ & EATEE N, FHBeiDou-3T 2 Ml & i1 5
IUTC(NTSC)-BDT+D1H [ — 3 247 F BeiDou-2 TR WMME (1 H 5 45 . itk —25
IGUF L E5 18, LI % 5 I UTC(NTSC)-BDT+ DRI BEF BIHMEE N5 2%, Fo54h H
T WL 1] (MID: 58703-58718) BeiDou T 7E % i & M 16 4 1 5 I UTC(NTSC)-
BDT+DIE S ZH%{HZFIRMS. RS, EATE = EAVEEN, FIHBeiDou-3 T & M
WHE T+ H R UTC(NTSC)-BDT+D1H 1) N 755 ¥ 175 T FHBeiDou-2 T & WL IE /) 1
BgER, KM ZE5.06 ns, J/MEZEL11 ns. EExFURSE R, B6. 70 BIG T T ENTSC
FFINTO2EIOHLLE [ — J& 393 P E VLI 21 BeiDou-2F1 BeiDou-3 2 /N0 b e i R i T2
MR mEmEEL. mEe. BTAIAL BT BeiDou-2 R 40 5 GEO A, A LAFE A —Hf
ZIR I 2] (¥ BeiDou-2 L 2R B %, 2191150, 11 RENI B BeiDou-3 1 A2 1 %5 H AR X
A RAG3-BR, P AR ZE I — 2 B4k, LEAT A R T-50° IYE A, REAL N 2| BeiDou-2 T
B EE A5 0 =5 T BeiDou-3 L&, 435l % o5 e AU ¥150.4% F145.1%. 25 Fortr, BiRgs R
A e HH T BeiDou-3 TR R T 5 e P R 1) B2 #8050 b 3 B0
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#=5 EEERATEEAAABeDou B EMMETENUTC(NTSC)-BDT+ DEHEXE M EEEE

FIRMSZ it
Table 5 RMS statistics of the difference between the values of UTC(NTSC)-BDT+D

calculated by BeiDou satellite observation values and its weighted average values in
each altitude angle range

Satellite elevation BeiDou-2 RMS/ns BeiDou-3 RMS/ns ARMS/ns

10°-20° 8.26 4.08 4.18
20°-30° 8.00 2.94 5.06
30°-40° 6.62 2.39 4.23
40°-50° 5.77 2.19 3.58
50°-60° 4.91 1.99 2.92
60°-70° 3.73 2.05 1.68
70°-80° 2.92 1.69 1.23
80°-90° 2.74 1.63 1.11

4 i

B35 B CGGTTSH A5 BeiDou-3 T2 M5 5 Ab BE 45 B op A7 7F 1) ) /5, AR5
CCTEFHi € HIGNSSI [ f& i bnifk, FF T B b B . Phsbf2cggttsf A4 43 % GPS
FBeiDou-2 2 WL E o (1) b BR &5 SN S5 BT KA ) Ab B 25 SR 5 FLEAT 1 b
BOAE; FERFHZ AT A R #ECGGTTS A% BeiDou-311 & G i (8] £ BEEAT T VTA,
PR BT 4518

(1) FH I 10 B9 A 33 A4 R sbf2cggtts B A2 I CGGTTS X A4 HREFSYS S 41
ERTHR S IR AR — 8. T it B4 T, FAH R GPSHIBeiDou-2 2 WLMME T
HEIREFSYSZHUE B A — 5, B Z40HME /N T-0.5 nsHIEUE 5371 o5 S 50196 % 94%,
E B BT A B A R AR A A Ak AT,

(2) L% B Z1 1S I UTC(NTSC)-BD T+ DAE I IR ¥ {E N S % BeiDou-2 R 4
A5 18] 7Y 9 757 & 66 5 93.2 ns, BeiDou-3 2 48] 18] 1 N 75 A4 2.3 ns, #H EbBeiDou-2 %
G 2128%. 1E1 AW, BeiDou-2F1BeiDou-3 & 4t i 8] [ £a 52 ML A A 24 il 1 d)5,
BeiDou-3 5 4t 8] {142 5€ FE B AL T BeiDou-2;

(3)7EBeiDou-3 T & FI ML BB/ BB L, [ — = A Vi [ 3 A I BeiDou-3 2 2 W
MHETHE R UTC(NTSC)-BDT+DIE B N T 6 45 FEIAE T BeiDou-2 L&, iX A fE & H T
fEBeiDou-3 A2 #8158 i 14 B 1) Hn J5 - AN SR .
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The Performance Evaluation of BeiDou-3 Time

Based on CGGTTS

GUO Dong'? DONG Shao-wu!?3? WU Wen-jun'?3  WANG Wei-xiong!2
ZHANG Jian'? YUAN Hai-bo!+23

(1 National Time Service Center, Chinese Academy of Sciences, Xi’an 710600)
(2 Key Laboratory of Time and Frequency Primary Standards, Chinese Academy of Sciences,
Xi’an 710600)
(8 School of Astronomy and Space Science, University of Chinese Academy of Sciences,
Beijing 100049)

AsstracTt According to the Common GNSS Generic Time Transfer Standard Ver-
sion2E (CGGTTS_V2E) developed by the GNSS (Global Navigation Satellite System)
Working Group of the International Consultative Committee for Time and Frequency
(CCTF), the data processing software is developed by using the pseudorange signal
measured by the GNSS receiver, which is used to generate the CGGTTS files in the s-
tandard format, and its reliability is verified. The results show that, compared with the
CGGTTS files generated by sbf2cggtts software, the offset between the GNSS system
time and local time scale calculated by the same GPS and BDS satellite observations in
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the same epoch is identical, and the difference with the absolute value of the difference
less than 0.5 ns accounts for 96% and 94% of the total, respectively. Taking Chinese
standard time UTC(NTSC) (Coordinated Universal Time (National Time Service Cen-
ter)) as the reference time scale, the data processing software is used to process the
observations of the B1I and B3I dual-frequency ionospheric combination of BeiDou-2
and BeiDou-3 satellites, and generate the CGGTTS files in the standard format, and
the performance of BeiDou system time is evaluated by analyzing the parameter of
offset between the GNSS system time and local time scale. The results show that,
compared with BeiDou-2, the internal precision of BeiDou-3 system time is increased
by about 28%, and the frequency stability of medium and long-term is obviously better
than BeiDou-2 after one day.

Key words data processing software, CGGTTS, BeiDou system time, internal preci-
sion, stability
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