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Abstract: The stability and accuracy of the GNSS receiver delay have an important impact on the timing
performance evaluation and time transfer of the international GNSS Monitoring and Assessment System
(iIGMAS) tracking stations. The iGMAS permanent tracking station BRCH is located at the German Federal
Institute of Physics and Technology (PTB) and two test tracking stations XIA3 and XIA5 are located at the Xi’an
Campus of the National Time Service Center (NTSC) of the Chinese Academy of Sciences. The time-delay
stability of the three iIGMAS receivers, i.e., BRCH, XIA3 and XIAS5, was analyzed by PPP time transfer method
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using the GPS observation data by taking the receivers PTBB and NTP1, participated in the UTC international
time comparison, as reference. Three commercial timing receivers such as PT11, XIA4, and XIA6 are
simultaneously analyzed for comparison. The results indicate that: (U The delay of the three iGMAS receivers
shows good long-term stability, without significant systematic change. @ The 300-day stability of BRCH
receiver is, better than 0.3 ns, which is equivalent to PT11. & The one-day fluctuation of XIA3 and XIA5
receivers are about 2 ns, which can be calibrated by the co-antenna receivers X1A4 and XIA6. The total delay of
the BRCH, XIA3, and XIAS5 receivers is calibrated using the BIPM TAIPPP results. The results of this paper can
be useful for subsequent timing monitoring, time transfer and other time-frequency services with iGMAS
tracking stations.

Key words: international GNSS Monitoring and Assessment System (iGMAS); coordinated universal time
(UTC); precise point positioning; receiver delay; relative calibration
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W AR 20 [R]— AR A B R AR 7= AT NTSC 5P 3256 % 19 iGMAS P AR IE NS 5 iGMAS
WeTAL ) XTA3, XIAS FIRGFHEZIHENHL XTIA4, XIA6 & 7EFEES NTSC #1595 m 1Y CAPS ML N,
ZZWFH UTC (NTSC ) F8pH A3 285 [F] — M B OR SR 77 A, 4 Bl ok D432 % 42 W)
— R, AERELMHX, NTP1SME UTC (NTSC) 5%, fiT8i AN, &E25 BIPM EFRIE IR
ML 45 G LEZE LA 1A 2 BRI B A3l ST FH AR S | AR e & S A%
B I DL UL 1,



%28 FIREE . SPATSCEREE iIGMAS WML 22530 5 ik SE AR XA v 123
PTBB 4
10 MHz Rk
) 8
1 PPS @
B ko
Vax Lk
10 MHz
pn O Q BRCH Tk
UTC (PTB) 1 PPS g @
}fﬁﬁ\ HﬂWEP 10 MHz PT11 @
W e EVAVAVAW Q @ —
1 PPS -
Bl 1 PTB SFATSLEG = e WOHLIE R 2
t@
B ki
AN
10 MHz XIA4
EVaVaVaV
i 1 PPS
UTC (NTSC)
10 MHz
AVaVaVaV
1 PPS
LN
10 MHz XIA3
AR ko
AN
10 MHz | XIAS
Bl 2 NTSC ~F 82535 = H L R B E
1 HWHIRERR
uh A, Hpl Rk (Yol ) INEMES
PTBB ASHTECH Z-XII3T ASH700936E UTC(PTB)
PT11 SEPT POLARX4TR LEIAR25.R4 UTC(PTB)
BRCH CETC-54-GMR-4011 NOV750.R4 UTC(PTB)
NTP1 SEPT POLARX4TR SEPCHOKE_MC UTC(NTSC)
XIA3 CETC-54-GMR-4016 TRM59900.00 UTC(NTSC)
XIA4 SEPT POLARX5TR TRM59900.00 UTC(NTSC)
XIAS CETC-54-GMR-4011 TRM59900.00 UTC(NTSC)
XIA6 SEPT POLARX5TR TRM59900.00 UTC(NTSC)




124 s} ) 3BT 24 43 3%

1.2 FRERE

B S BR T  E Rk B K32 0 iGMAS 2081 A0 B 202 ) Bernese 5.2 F0F, MUEIFR GNSS
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2.1.1 PTB SFAFSCIGE | GMAS 1EUSHN BT EFR E M S
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PT11 W EE I\ PTB il 55 %% F#k, BRCH MLIMIEE N iGMAS P8 2250 .0 R 38,

PTBB J&£Z 5 BIPM BRI E] XTI, , B H 0 22 P50V A 28 454E, B iGMAS ¥ BRCH Ay8h 2
gER S H T . BT PPP @R AT S 22241 L)L IGRT /S % 36E, % PTBB ¥l5 BRCH 3l (1)4h 22
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SRIEE , T IGR D APGEAE 257 M BT 4 ShESL PPP 825, NTP1 3525 BIPM [E FRi}
B e, HAP2Z2FEHIK F BIPM #2454 GPS PPP Bh2&M 5 Sc, VE S HhniES iIGMAS Ml Lt
Freest, B 6 45 T Lk 5 U PPP #h 25541, WTLLE Y, S B 25 R aN AR L A B — 3k, ARk



126 LBV RS 43 %

99 11 nso {H XTA3 F1 XTAS 3l IR B 5 R T HAtl 3 Nty  EAFAERU NG R JEITAE 1L, 4028 e
Je PR A3 A 5 AL I B2 72 A5 A RS o

~102} .
104 L ™ f f 1
£-106 2 ]
& -108 f & e
-110} .b
-112 :
255 260 265 270 275 280 285 290 255 260 265 270 275 280 285 290
AERLH (2018) FFH (2018)
(a)  NTPL G TS (b)  XIA3 b2} 551
46
44 L.
421
é
ﬁ@ 40
& 38

255 260 265 270 ﬁs 280 285 255 260 265 ﬁozﬁ 280 285 290
A (2018) FERH (2018)
(c¢)  XIA4 B2z ] 531 (d)  XIAS gp2fE F51

ok
255 260 265 270 275 280 285 290
AEFLH (2018)
(e)  XIAG6 #h 20 H] ¥ 3
Kl 6 NTP1, XIA3, XIA4, XIAS5, XIA6 #:UHleh2=mta] w5 &

# NTP1AE S50, iGMAS H2HL5 HIE A 4 S5 HEXTEERE , B 7 2 - 10 KR4 T NTP1 5 XIA3,
XIA4, XIAS Fl XTA6 FLXTEP 22751, 3 4 25 T EUXTBERK G255 . NI LUE ), 8% NTP1-X1A4
1 NTP1-XIA6 Y STD B /N THERS NTP1-XIA3 A1 NTP1-XIA5, FE 2T XIA3 Il XIAS fl4h 25 Ma s
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2.2 iGMAS YT ROE

FERTSCRI AT, TR | R 28 B BRI WL SiE v] REAFAE SR R 22 5%, T X 4 5 Ltk A7 Asf
TERSHE R N AR FH Ry A A AR e RIA S A E™ . AN SCIETF BIPM $243tAY PTBB 1 NTP1 [yl
B 2 5 ARSI B S 8., aE e b X A 7 O iIGMAS L iGMAS IR LA T IR A%
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TOT DLY =CAB DLY+INT DLY —REFDLY , (2)
CABDLY =X, (3)
REFDLY = X, + X, » (4)
INTDLY = X + Xg » (5)

A (2) = (5) H, TOT DLY MZUHLEZER, Hr, CAB DLY J2HZ4i%ER ( CABLE DELAY ) M4 5,
JEFE MR Lt s i 2R KL GPS 15 S5 A i i 2E(E , S5 4i K BEFM A ¢, S 58RI % ., REF
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DLY &Z% 4R ( REFERENCE DELAY ) W45, 3 M UTC(K) (AT 81225 i S E SO L A i 4 B E
l, 5ESRBIK, INTDLY ENHBIER (INTERNAL DELAY ) M4RS , 5RE MR EI T2
REMESRAE L, BWIHAEEZHAFESNEERMITEILR (6). Hrp, T, MT, 25% xR GPS

PO BB AL, f, 1, 3R X WA B A4
1
wr = (T - £T,). (6)
1 2

BIPM 45 1 2 5 [ Pt ] Fo X 5 <7 sk 5256 2= R I L O I BEA HEAS B, 32 5 451 T M BIPM #2443t 3C
PR NTP1 F1 PTBB P53 LA ZE 554

# 5 BIPM U4 H AU IER S B0 AR B A A ER BN ns
w44 CABDLY REFDLY INTDLY (GPSP1) INTDLY (GPSP2) TOTDLY
NTP1 209.0 373.8 55.7 55.1 -108.17
PTBB 301.7 73.9 304.5 319.8 508.73
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# 6 THEARR AL E HfL: ns
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XIA4 58.62 XIA4-NPT1
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