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Abstract: Global Navigation Satellite System(GNSS) time and frequency transfer has become the most widely
used time and frequency transfer technique due to its fine uncertainty level and ease of use. Time and frequency
transfer calibration is the key and necessary prerequisite for the accurate transfer of time and frequency values.
The seperated absolute calibration technique suffers from complex calibration steps and multiple sources of
uncertainty. To address these problems, an integrated absolute calibration technique with fewer implementation
steps and fewer sources of uncertainty is proposed in this paper, i.e., an integrated one-time calibration of the
BeiDou navigation Satellite system (BDS) time and frequency transfer chain, with lower measurement
uncertainty. In this paper, through the research on the integrated absolute calibration method of time and
frequency transfer chain, the integrated absolute calibration system and experimental platform of the time and
frequency transfer chain are constructed, and the seperated absolute calibration and integrated absolute
calibration experiments based on one actual BDS time and frequency transfer chain are realized and their
uncertainties are evaluated. The results showed that the consistency of the calibration results under the two

methods is better than 1.76 ns, and the synthetic standard uncertainties are 0.80 ns and 1.00 ns respectively.
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38 SRV L BRI B AR A v ) A% 3 M [ 28
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o EFrF, T3 E2BRE N RS (Global Posi-
tioning System, GPS) B i 4% 12 A2 170 T2 B A3 4% 2
AR T T B, R 02 [ bR 55 (Interna-
tional Atomic Time, TAT)&AEH £ E W Bk
#OER, BEEAL =5 KRG A ERWIR S 1T,
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Z4t(BeiDou navigation Satellite system, BDS) ]
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BR[S9, VA E = W i 0 (National CEntre for
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Fi AR FEBt (National Institute of Standards and
Technology, NIST) % HLA7 1 I 45 7% 8 55 /£ GPS
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2‘:int = 2‘;rx—int + tair + thorn + tsim (1)
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T GNSSHALL AR H0 7 1 72 A7 G B B 2 H A
TEE BRI ZE, %y GNSSH HE 5 O i 054 y5 f0
) I 2 A5 IA) S AF AE M N 22, B G NS S 0L 28 i)
ZE, R X GNSSE ISR AT HE M, ALk
W7 E I E 2R R 18I I S R U A R R
AN GNSSHALZE 1] 5 2 H F ik 5 5 (Pulse Per
Second, PPS)MGNSSHALL &4 H S M5 5, &
o AR B A T AT S AL B, 7 GNSS
U2 A0 et B A

AH - A AL B R R B 3 s . X T PPS
KEEAE S, B e AR GEE /N T3 ns), 1E
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S E TR AR, S EE R (3) s

s(z) = a + bxr + ca® + da® (3)
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LRBE I AE IR A . | T AR SR BRI P S B
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3.1 BAROESILS

BARARIRHES, BT FH GNSSHLAULEE 9 i 7
B T GNS8332, e (1 I 43 4% i3 55 o B A
TLab-TFS-G1Yi 4% 138 8% (R 5 TLO7) . Bk
PR UE 1) S B A R A T AL A8 E K R T E &
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SIS SRR, BI-60 dBm. HEALLAGPS L1C/
AWM N GNSSHELA AR AE B, o o S s 2%
BIRUERTR, PPSIE 9 30U 5 1l {8 AT o 4B LU
XF B 9F R o

TER IR HE T, I GNSSHALL 2177 FL i
BN R, W 5L 3 I O B S 1 R RS
1s, 50N O PR HOHE 15 2 R 0 R SRS HE I SE .

: =
I L :
| - I | —m |
! S L !
| | | |
| | | |
|__—_—_ - e —4——=1l |_|—_—— - — N\ —4——=1
TRl B RF T B 2 RF
P GNSS i 450 GNSS
f3b 1L IP% Hl e 3k E AL Ipm Bl
PPS PPS
R T R
T s
B R |

(a) EHESKI 5

(b) Ttk schmit

P 4 SR Gk v Jat B



FE11

B bk b B B R A L R BRI AT

4121

A T IR AT AL 330 B A A 2 3R 5 % N GNSSHH i 5 3
RAF—EMIM, FIEFH RS RS 5T 3
T INF A4 336 4 iy N i ) G NS S S 45 5 Th R A A,
XA DL I B GNS S F 28 4t Th 2 Sk Sl . i
T b B A 8 A N LS FH GNSSH SIS 5 2h
RS 25 B, IR PR AT AL 3 B i N GNSSH
BE 5 IR RN-T0 dBmidb AT K5 R LA HESL IR .

TGRS LR, AR AN A RO 2 K
SRR BUCR AR AL O BE S . S i Al &
o, SR AT (A TR RR T E g, SRAEEIBR AL s. B4
R e I ZE RS HE B W B 10T o

R, ARHEEEARAE I E SR EE, XFTLOT) %
AL HESS R S5k,

3.2 SCIGIEIIF

T AL G0 53 0 S A 7 1 R 36 UE B A 1 52
IR rT S, ROER X BifL i EAL. GNSS KR &
RERIRER 5 25 I B M2 o I AT 33 AU fE T 2
E11ATR

X T GNSS KRR M, H R HE R I R 2%
GNSS K& AThrE, LR BILE4R, RE
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F 1 BB TLOTEE LB T RIELE R (ns)

* 2 BHREEHETLOTS H X ROELE R (ns)

tiut tsim tair thoru tref— int tl'x-iut

taep tsim tgnss tref-sep tcab trx-sep

BDS B11 339.93 151.10 2.00 1.75 57.25 242.33
GPS LI1IC/A 471.04 256.90 2.00 0.85 36.11 247.40

BDS B1I 97.58 151.10 14.43 57.24 222.42 240.57
GPS LI1IC/A 227.07 256.90 17.48 36.06 222.42 246.13

B 10 Sk GE R HE B 1]

l i |rF
N GNSS
AL VT
PPS
A PN
g S
Hit PPSRA4: %8
LS WO

P11 IS ML o0 2 A e A o S

LR 2 I B I ot e FHSN(9)FEIGNSS
TR L

tenss = thomn-gnss — ttare-sep — lairgnss — thom  (9)

K FH R B P 285 43 T ASONE R R i R AT e o,
ESH LIRPEL kHz A B8 kP i & Bh A5 F
T FE T ], PR 1~2 GHzES PR 5% H Al
FT 45 A FH B GNSSE AR

X I AA% 3 SRR B G 3N 4, 20l 2
GNSSHE M. SHR ENE. AIEfRE, H
BARTE 27T, 48 FAF R b X RSN

trx—scp = tscp — tgim + trcf—scp + tean + tgnss (10)

Fo, trotseps boop 23 I3 H2 4605 IS Hp IS S4% 34
FHKZFINIE . AR IE, ¢, o, NI FifE
B EHUEAF TR, ¢, GNSSHHZITIE, ¢, A
GNSS KL IE . L2 AN HiAL B EETLOTI 4 5 4
X REHELE R

4 THHEETE
4.1 BARENROGETTHEEIT

AN 5 P AT AU I A A 23 B B A A e A HE TR
DA R A R TR B R bR 2 —, ARYE Lt
I 0 A 328 P RS A 2 0 ICHE DT IR I 9T, AN o JEE
VAL 32 EE 5 AN 8 BE ASRVE E U7 AN AN i 8 B
BEWETE, BiE 2 AT (InE R
PR 2 F  SU1IRDRE B R I B 2% AR BR R B I 2%
) A R AR I e 20 A ) 5 R AT (0 B A
EEEBVEE, FHEAARTMEAHEE A
FVPSE AT 100 AN E B BREAT PR,
BB R AGTHIEAR . A UEFREYI BT BB AR
UEFS . ACEIERRS . A A s O TR P 55
v KRG RZUGHEWT RO PR (B 55 . AR I Aif% 126
HERAR A S RAE SR IG IE E, RHE & bR HE AN E
FE i N RS KRB M w s GNSSHE UL 38 1 1
Usp- 72/%% Hﬁi{ﬁlﬂ EUREF_int&%Eﬁﬁgﬁu(}al-int*’i VE
AWE RS, TEEMX (1) Fros. He, &5
AN R PR K PR SE AL R 3L T

2 2 2 2 1/2
Uing = (Uap + USp + UREFnt T Ulalint) / (11)

TEXT RS R E6 R, SR @ 45 RO R 2k
AR H O B AR I 5 51N B AN 22 FEIEAFE Unens, 1R
P8 RO B A € B SNEKERRRY, 44
S Hp ISR 2 AN R SR ZR AR A7 A 000.60 m g Sl
PEES VR PR H . B RGAMAL LA EMETIN
I E Bl Fuape, SHEITREFEAMIEIIF 1403-
2013 AR S 25 HE B R 2R AR A HR O FR e PE1.60 mm
PERE MR A . T SN BTN AN 2 il
Eugesernxr TELIABEABHIZMT, ZIREF
I ATAR T B I AR R R S R A v v Oy B Ao B
R R Z0.13 ns A ZIAH E FEVEAG S R . i
W% 158 4 GNSS Y IG5 4 A\ Th 2 P 5] NI
E L Fugp, 5% CHR[8] /715K GNSS IS 5
Th i 8 2 50 PRGN SSAE 5 R T % - 130~
~120 dBm, B SiAL 55 E 238 28 3% i) (R Fr 70 2k 1
X 4k b AT HE AP A 45 5 . P GINSSAR UL % 3 1 (1]
22 B NIAH 8 FE 1L Eups, FRIE R T R 1
HH I AT A 33 B ) e NS S AR U1 265 45 308 3 1 O P oK
Wi Z20.01 ns WIZTUAN € FE VAL 25 H . PR B
NI E LA EUromnx, NS % R[4 H
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1) [ RS B b A 36 B UL BE %2 %0.083 ns/°C, S5 %
A 1 S 06 S B 3R B AR A 41 °C VE 8 I R S
B HISRIGHE LS NKIAHE i Fuge, apy R
I R R B A #E H i SRR A4 356 B P GN S S AUL 25
PRy iR 2 18] () 22 (B 1 B KARE 22 (1 000N 8idiE £) o 2%
by HRS RERHE T NIFREAN E P uap W13 (12)
Fiw, BARTEAL 25 R a3,
UAD =(URtens + UXPC + UReser RX T URF + Uais
+ Ufomrx T u%{epfAD)l/2 (12)
TEXTGNSSELALLAR IR AEH ,  HH Ry SE i 7R P
G NIATE FEIC EURegoser  HH 1 IE SEI
AN AR B R T NN E B e Fury,, BI5E
B SN R A TS . AT R b P T
NI E L Fucoger ZMBHESA T LS H
IVl 45 ), 54 SEPRTE LA BT UK . 752 IOK
GNSSHLL AR EAEH KB, AN E J5 GNSSELLL 48 17
U N T =0 SR TBT S R N & - D Ry R 2 R e
PPS_ bR 2 (A3 AT A5 58 P B A8 25 A — (22
104 H GNSSHELAPL MR 51 A 58 FE i
YEUReset-sim» & 2 IREHESLLS, XTGNSSHALZHL
TGS B e K AW 72 290.50 ns, BUNIZIAN & BT
g5 R . HGNSSHEAZS AL B RF 2 5] NIA &
FEC Eupyy, RIS HESATT VL HHITEAY 45 R,
Zi b, BHGNSSHILASEHE ] N B bR A3 2 B

(2 2 2 1/2
UREF-int = (URes-tic T URel-tic T URep.REF) / (14)

TEONBEME S, HHE AL I BE I A R B BN
B TE B wpemnxs T IRHLRENE 51N BIASH 2 B
UReset-rx~ GNSSHTAE 5 4 A Th 2 B 5] AHTA
1 € P ugp S GNSSHE DL 45 180 18 8] f 22 51 N B AN
5 P g i I VPAR 7925 B &5 SR8 570 X R S R 2R e v
AR E FEVPAN AR A PRSI0 3L 5T NIAS
W E FEAC Fupep ooy BN BRI SR A0 S Kbt 22
(1 000N HHE 55 o 27 b, B ONBEME ST 5] N BIFRAEA
9 FE U carine W0 (15) B, BARVEAL 25 R an k6.

UCaLint = (Uais + Whem RX + UReset RX
+ Ukp + Uepca)/ (15)

BT RalE, DAY LR 54 % 8 TLO7 I BDS
BT 3 BEAR LTI s 5], % A 0 248 5o A5
SEIG R0 BN E R R AT b, RR AR A
FERIRIEAT VR, A BTG &5 R anR TR,
GPS L1C/ AS S A € £ VPAil 4 101 5 F 2R AL
4.2 HHENEERREE TG

I3 55 A R T 5 AR At A v 2 23 9 % ) — 2
N AL 330 B R VAN [R) DD, DRI e A R N 8 4 SR AT

% 4 GNSSHEIBERCETHER A (ns)

REHEA 52 AR Bt B

usp IR (13) BT, BAP (i B zea. RS s 008
e SR AR IR A AR DR 2 B 0.20
usD = (URes ose + Whig + Uiode + UResor-sim + Upon) TR b 7 B 0.20
(13) TERHURRE B 0.50
R 22 G N 8 PEICAE U s ieo  FH T [ 1) B T2 2 TS S / 0.59
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