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5k BT Mer HXE T6E AMEMK

(EEIRKRF RS = XEFIAEFR AM 450001)

FHE UL R S 10 i 2 (Inter-System Bias, ISB)EGE VE/ T4 T 7 ARISBIR 2 4% 1k
R A TR B A B . O T A ATISBIM K AR 1, i FHEMGEX (Multiple Global
Navigation Satellite System Experiment ) 2014—20165 454 & 1 (12080, 43708 H 5
LR I 22 5 O S A PR R 2 B 22 A 7 i, FIFIBDS (BeiDou Navigation
Satellite System)/GPS (Global Positioning System)4l £ ¥ %5 B pi & {7 (Precise Point
Positioning, PPP)tH 5 ub ISBAE, JfXISBIY H A8 € P A1 A8 € P AT T ¥R A 347
LU A5 R KW ISBIW H AR le A AR 2, HARHEZ P LA H0.5 ns. AR AFE 4y Hdh
FISB JE S-SR FH b v 22 1) 22 S 20K, I HISB S B(E 5 Pl i bl 2R B 06, K
FAN TR %5 7 it v SEA5 B IS BZ [ A7 AL R GV 72, 6T ) — Jal AN [0 it FRI TS B ~F- 24
1, ZRG w2 BT

KR REMEZ, Bk, $AK: HitEEAm, A% $ESHm

HESES: P128; XEKIRIRAD: A

1 51§

bl 5 4Bk 3 AL B2 R 4 (Global Navigation Satellite System, GNSS) )R 3 K& f&,
A DRSS SRR E, 2 R TS aet R it A e fn, M
2RSS, 2 RGEPPP (Precise Point Positioning) L4k THFFT R 5 hy T H 4
AT 2 RGEAERLS, D5 7% BN S B HEZE . AR G2 1A ZZ (Inter-System Bias,
ISB)%5 2 M R 4R 2 0. MUARNS LT TR RIS 5 MR e Bl (5 5 2 W i)
A ZE AR (1), AH A BT A8 £ 10 R R, AN [RIGINSS IR 5 7 B2 O L o 16 N [A) ZE 38 FF ANAH
7], ST A AR i 22 ) R B TSBAL 75 B2 S g 2 R 2R 5 o (1] i 22 79 38 4 [7).

ISBX} 2 R GeAHR & AL FURS % B fUE AL A2 7 AE AR FE MR, BRI S2 31 77 )2 1) 9%
Hakansson%5 B4 2 R4 GNSSH i 22 FAH A7 i 22 AT T RGMWEI, NI AR SRR S
{187 R 00 Bl £ X A 23 56 4 T BRISB IS M. Paziewski %5 5T T GPS-Galileo A [
P RIS BRI AR E P BA KON 58 A0 25 SR (15200, B0 AIE TR IS BAG B0 A S50 X ZE WL
AT DA ey BB [ 1 ) 26 - 4 > 389 [ 52 1 ). Tegedor %6194 HH GPS-BDS (BeiDou
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Navigation Satellite System)JISB5 BWALIE R 5 AH O, AH [ 2R B I ISB A+ 43
BT, TR IR 22 50 7T R 55 £ GRS 24 205 0 SN I 003 T 4 1 45 1) 01
5. Chen/S N TISB 5 AL 4R 2 ORI, 1T LA b2 FUBORI 2 SO0l 63—
FI LISBEMIN S RAPPPS B, LISU242H—FHGPS/GLONASS)/Galileo/BDS
ARGPPPL — WA St 8 W3k WA R i PPPRE NS A 255 4 i VAL S5 IR T) R 42 vy 52 17 K
£, JiangZEISIHEAT T GPS-BDSH HIISB#! A5 A Tl i, K FHISBYI R AF #E AT 26 46 £ 0K,
GPS/BDSH1&PPPYEN. E. UJy [l (RIS 0] B R4 L, 5 1) 1) 38 RS B 73 214 5.

AR CEAVF 2 228 WISBRHT TR BIBEST, (728 H e TISBAI KA AR & 1 43
Pric teig b, XTISBREAT IR E ML 70 M, A B TR T EISBIR R =5k, X TISB#
BRI BG4 T8 . A CEFEMGEX (Multiple Global Navigation Satellite System
Experiment) % 2014—20164F % 18 I EHE, 23 71> A QIO 27 A [ b 22 i oo 4 43t
RIRG 2 b 22 FEUIE ™ i, FIHIBDS/GPSAL G PPP U5 A It INISBAE, I X ISBIK H
e P RS M HEAT TR AT

2 HFEE
GPS Ol E IR AT 0 L B2 AL 7 Ay 1)

PS = pC 4 ¢(dtg — dt%) + (dpg — d%) + mSZTDC 4 €S,

(1)
LE = p® + ¢(dtc — dt®) + (b.a — bS) + N¢ + mCZTD® + &f,

Ferp PORILCE 53 331275 GPS (1 Dy AT B AH AW I &, B g, pC o TR R AN
OB MHUR LA LA K LT HE S, AR A L, dee A EHLEN 2, dtCoh
DRI, drgy dOFbug DG 3R FRHL, TR AR AE A S SRR LA SR, m @ Al
ZTD 53 5l Ay Wi bR SORUXH A2 R THAE IR, NGO AR BRI E, 207 Jom, eS8 5514
DR AT LI UR T, AL 5 U e 7 0 2 R AR IR 2.

T AR HEAT S A PRI, R SO LR A SE AR A Bk 22 REAT 5 I, KA 2 S8 AN
RO AT A 0, JER T Oh LI B B A A 22 2 B I T vt SRS 2 b 227 i, 1L
SERAE AR SR B, GP SN 75 FE ] AR Ay 1131

PG = pS 4 ¢ dig + mSZTDY + &S,

LG = pCG 4 ¢-dtg + NG + mCZTDC + €€, @
Horhdee AR E T i 2250 BB 22, NN LS T i 22 35 IR AR AL BSORI -
- dig = c- dtg + dyg, 3)
NG = NS 4+ b,g — 0% — d,q.
[ B, BDSHIMI 5 15 A -
PC = pC 4 ¢ dtc + mCZTDC + &6, @

L€ = p® + ¢ dic + N© + mCZTDC + €.
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ERATBDS/GPSAL A PPPI, S T ARIE /N R A HIHM LN 22 e L —3), FF 2251
—/NSBZ ], IKINBDS/GPSZL & PPP UL 5 2 h:

PS = pC + ¢ dig + mOZTDY + £§,

LS = pS 4 ¢-dig + NG + mSZTDC 4 &€,

PC = p® 4 ¢-dtg 4 ¢-ISB + mCZTD® + &S,

L€ = pC 4 ¢-dig + ¢-ISB + NC 4+ mCZTDC + &€,

Hf1e-ISB = c(dtc —dte)+dc —dye. PPPIOAIEAING IR TR B ERRIE A 70, X7
J& TSR IR 53K H] Saastamoinen S R HEAT OE, # ZEIR FR 734 b R AN S Bk AT Al i, 1S-
BZHC WL SO RAE R B AH TR, B30 sflivh—ik, GPSHR SR “igs08.atx” #RHE ) A
Ui LR PCO (Phase Center Offset)s PCV (Phase Center Variation) M 1E{E, BDS
AR HAMGEXSE ) BEPCOMUIEE, AL LAPCVY, H#RHLRLPCOMPCVL
IERHGPS RS E AR, AHATR AN V7 28 A5 25 AR AH AL R A T 0

3 KGNt

L5425 8 MG BDS/GPS AT H TR BRI WL 2R ) 3k BEMGEX M H [ 9L Vg
(CAS1). BHE K25 (CUTO). s 2% 1 3 (NNOR) FH £ 1 5 33 (XMIS) 4490k k4T
SEE, HACAST. CUTO. XMISH: i A ) /& Trimble NetROELWHL, NNORRAE H 1) 2
Sept Polarxd# /L. 20154FENNOR S il £ il A FIXMISH K 26k A2 T2 4k, 20164F44
DUk 1 Bl PR RAS B AT T T2, CASTSE R Ze kA8 T AR 4k, SR 1A sl (R RS2 22
[ A2 A R R 2 570

F 1 MuLEYERGN LR, EHFRATI R LR

Table 1 The receiver types, firmware versions, and antenna types of stations

Station 2014 2015 2016
Trimble NetR9 4.81 Trimble NetR9 4.81 Trimble NetR9 5.01
cAst Unknown external Unknown external Leiar25.r3 Leit
Trimble NetR9 4.85 Trimble NetR9 4.85 Trimble NetR9 5.10
et Trm59800.00 Scis Trm59800.00 Scis Trm59800.00 Scis
NNOR Sept Polarx4 2.5.1p1  Sept Polarx4 2.5.2-esa3  Sept Polarx4 2.9.0
Sepchoke_mc none Sepchoke_mc none Sepchoke_mc none
XMIS Trimble NetR9 4.85 Trimble NetR9 4.85 Trimble NetR9 5.10

Leiar25.r3 Leit Trm59800.00 none Trm59800.00 none

SR 201441810, 20154F1838 )& F120164F 1879 )8 33 i %4, b T WA
() RG % 7= fih XISBAR a2 1 14 5% ), 43 ol A8 ) 8 00K 27 R 4[] b 27 AF 5 b O (S AR T
2% 53 3 A WUMAIGBM) $& 4t RS 25 $how Fn eh 22 72 i, A HIBDS /GPS4L A PPP T il 3l
IISBHEAT AT, PPPE ALK B 25 WISB IS IR I, ks FEPPPZISBAL I I 56 v 4
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fE. LA20165E R 1, A8 FH GBNUKE 2 7 it il i 5 A5 PPP IR K - 58 ALK B R 220K 2 oK 4,
R E NN BN K 2, anaR2fis. w4, MISBH AR @ M T4t sE1152014—2016
T3 S Wt B R ISBARAEZE , AR50 — F 7 dIVISBARAEZE v 50T 248, 43 2125 I 1)
ISBH Fr#f 2 (standard deviation, Std), AverageR i E4NMEISB H bx#E 22 1114
B, 3P, Hak, SHSBER e MERM TS0, %$2014—20164F 3 /8 254 4 () 1SB 2
B0 V53 E (Mean ) F1 RS BR #E 22 (Std), AveragesR /x4 D5l AH Y 48 1 52 1)
S, I AFTR. B1-4242014— 201650355 (ISBIN 7 4.

£ 2 2016EFEACBMBERNIEESPPPEE. N. UA BB EMEE (B4 cm)
Table 2 The positioning RMS of static PPP solutions at the stations with precise

products from GBM in the East, North, and Up components in 2016 (unit: cm)

Station E N U
CAS1 2.5 0.5 1.9
CUTO 0.9 0.6 1.7
NNOR 0.8 0.4 2.8
XMIS 0.7 0.3 2.5

F 3 2014—2016FMLAIISB HAREE (BAAL: ns)
Table 3 The ISB diurnal standard deviations of stations from 2014 to 2016 (unit: ns)
Std Std

WUM GBM
2014 2015 2016 2014 2015 2016

CAS1 0.79 090 1.05 CAS1 0.89 0.88 0.89
CcuUTo 032 0.13 0.28 CUTO 0.50 0.17 0.58
NNOR 046 0.22 038 NNOR 040 0.22 0.68
XMIS 0.33 1.08 0.22 XMIS 045 0.70 0.54
Average 0.48 0.58 0.48 Average 0.56 0.49 0.67

MHFEME T HRE, ME3A 40 A IWUMK; % 77 5 7 5 IISBAEL d24 P (148
ooy Fase, RHBor Ik (6 H bR vEZE 4B/ 11 ns, HARUEZ B KAE 41.08 ns, fe/ME N
0.13 ns. Zhang®5 A [FHIF57 3 B BBONUAGE {4 428 18 e 22 55 T A 58 LA AH DG PERS). 761 d
2 i AL 5 M A O, R S R G 25 A B 2 ARk, DRI A XIS B H AR e 1k e AR —
SE M. 3 yrif) HARHEZEARAHUT, WAt ILBE I (R AR LIS, 20144F, 20154FF120164F
() H FRUEZE 2351 4 0.48 ns. 0.58 nsH10.48 ns. i F GBMKE %7 i v 5L I0ISB H A2 g PE 3k
AAH TR 38 Bk PR TS B H AR A LI A (1), AESEIN e 47 Hh o T 3 sk S AC%, mT A
¥ AIIISBAE g i BOEAT Al vF s BE B JLAS NIl TF— K.
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Fig.1 The sequence chart of the ISB solutions of CAS1 from 2014 to 2016
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Fig.2 The sequence chart of the ISB solutions of CUTO from 2014 to 2016
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Fig.3 The sequence chart of the ISB solutions of NNOR from 2014 to 2016
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Fig.4 The sequence chart of the ISB solutions of XMIS from 2014 to 2016

M JE R e M7 T R A, R AT i [R)—— W03a [) — UL s ) Ao ) 79 A [ PR %5
i A BITISB 2 AR K. LL20144F1810/8 4451, CAS1. CUTO. NNOR. XMIS 44l
i, A FHW UMK % 7= 5 453 20 (WISB, JF 39148 53 51 5 —9.26 ns. —4.76 ns. —38.18 ns.
—3.36 ns, FARRUEZE4> 5 50.96 ns. 0.73 ns. 0.68 ns. 0.71 ns. i I GBMK; 2% 7 5 15
FIISB, A FHIME 7 % 496.52 ns. 101.73 ns. 67.64 ns. 102.79 ns, JAFRHEZ 435K
2.96 ns. 3.17ns. 2.92 ns. 2.87 ns. i PRORE 2 = S UE AR B WISB R FIEAH 2 T
100 nsZi Ay, JRRETISBAL & 1 R SiE 38 i 22 R AR G I (a0 22, 1T AN 7] 23 BT O TR0 RS 25 7
i AP AE RGP 2. [7) — 3 (i) — 00l A P P o AN [ A 5% 7= i 75 21 (IS B A 344
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W2z, R IRAS RIS (1) ZE (B LTAH AL, BRI J: 20144E 1810 44N I3k 25 H AN [FDR 2%
P S ISBZEAE 4 ) 49105.78 ns. 106.49 ns.  105.82 ns.  106.15 ns, i A H .25 40.71 ns,
20154F 1838 JH F120164F 1879 & AN 33t (UISBZE AN 48t 45 M A5 & X — 4% 05, de KL 2%
53 12490.22 nsFH0.84 ns. FEIS AT HIL 4Nk Ab T 34N AN [F) 44 2 3 i () B 3 45 G i
S, FANUE BT A FHAS RS 2% 7 i v SRS B I ISBZ R AR R G A 22, HLN TR — A
AN RIS FRITS B JE V- JAE 12 28 e 1 M 2 — B B

F 4 201420165 MELRISBE FIEFBFREE (B AL ns)

Table 4 The ISB weekly averages and standard deviations of stations from
2014 to 2016 (unit: ns)

2014 2015 2016
WUM
Mean Std Mean Std Mean Std
CAS1 —9.26 0.96 —11.46 1.16 —6.27 4.36
CUTO —-4.76 0.73 —4.46 0.73 1.02 1.52
NNOR —38.18 0.68 —39.42 0.74 —42.77 1.38
XMIS —3.36 0.71 —5.88 1.32 —0.13 1.15
Average —13.89 0.77 —15.31 0.99 —12.04 2.10
2014 2015 2016
GBM
Mean Std Mean Std Mean Std
CAS1 96.52 296 —17.44 3.34 —4.11 18.84
cuTo 101.73 3.17 —-10.39 3.21 2.44 16.27
NNOR 67.64 2.92 —45.30 3.24 —41.36 16.13
XMIS 102.79 2.87 —11.98 7.94 1.19 16.28
Average 92.17 298 —21.28 443 —-10.46 16.88

*5 E—EHERNMAFEEEmIISBETHEZE (8L ns)

Table 5 Difference of the ISB weekly averages of the same station from different

precise products (unit: ns)
Station 2014 2015 2016
CAS1  105.78 —5.98 2.16
CUTO 106.49 —5.93 1.42
NNOR 105.82 —5.88 1.41
XMIS 106.15 —6.10 1.32

AN TR AE 4 2 IAIISBI JE 7 39 48 A0 R b o 25 B A A [R), 35 2 4K B 4 5 A 4 A
55—, 2014—20164F FIISBJE 1 3 {5 43 A48 /N [ #a #, Aff FHW UMK % 7= & 15 2] (ISB,
20144F, 2015%F F120165F [MISB A V-3 1E 7 5 J—13.89 ns.  —15.31 nsFl1—12.04 ns, 1
FHGBMKE % 7= 5 #3 2 O ISB J R4 E i 3 g B, 3 yrff) P34 4E 43 ) 92.17 s,
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—21.28 nsH1—10.46 ns. BH L 4E I8 i 22 L6 AN [7] I 39 16 22 Ak 5 82 SRR f2f- i J5 R 3] 2 i
A, X2 R B R AR . BRI, f# ] Trimble NetROEZUHL I CAST,
CUTOFIXMIS 343 1% #8510 B {2, {EAf F Sept Polarx4# LI NNORR 1% & A4
WIS, 2R, EISBAARME 25 J5 T, 20144 (1) J& bR vHE 25 570N, 2015F120165F 1) J8 b i %
EOK. AT FHHGBMK % 7 i 43 2 IISB A, 20144F, 20155 120164 [TISB A b ik 22
I35 42.98 ns. 4.43 nsf116.88 ns. J5 K FE20144E [ISBIE 42 ME 45 i, K5 K 2 1a] 1t Bk
AZAR /N, TTAE2015H120165F, H1 T 20 #7 HPCa /6 TH 3 T RORS % b 2 I R 5 R 2 [a) ik v b
1 FEUSBIER S R Z I T E KRB, X2 mISBE e E MR %2 —.
20155 X MISul fift 5545 5t 0 BH 2k o, B 20 By, I 32 gt PR 52 1 2 i A A8 A R AR
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Fig.5 The ISB weekly averages of stations from 2014 to 2016
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5% —6.27 ns. 1.02 nsH—0.13 ns, TINNORS HIISBJE T4 % KR %, H—42.77 us.
4 A2 0 5 T DA B R 9 45 1. BRI EEAT % R SEM i R, T
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N T BIISBI K I R E P, A SCIEFMGEX M 2014—20164F %1 (1 54, 2 1
K FHHWUMFIGBM P Bl AS [\ K % 7= i A FIBDS/ GPS4L & PPP vl 53l 3 (WISBAE, Jf
SISBI RS e MEAN R A e PEEAT T A 0 A, 43 2010 - 224518 0

(1) 2014—20164F3 1 £dfs FIISB H bRk 22 V- B Z140.5 ns, B WIISBHY H A2 4k ELAL
R, MR BB 22 AR AN, O T 3 TR T LR L dIISBAE Ay B AT Al vt

(2) 2014—20164F-AN [F)AF 473 20405 (VIS B i P K (8 FH bR vE 22 1) 22 SR, AP AR )
72 50 0] e S FSON LA A S 3R A 7 AR A A 0%, I BRI 22 1 72 e B AN IR A4 TR A 8 b o
i R 5 R R R AR RN K

(3) R — ][] — 00 3t >R AN R 2 77 i U S50 2 IS B A P 308 2 RIAEAE FR G v
72, O TAN A1, (RIS B A 34 12 3 G 1 M 72— BUPE SR e

(4) ISBJASEIIME 5 b (2 LR AT 5%, R AT [A]— A 245 Trimble NetROHMISept
PolarxdFZ L IFIISB JH P 3ME 72 AR K, 15 22 ZR GuATGS i A v SERE e o A AN ] )
X BB 6 200 B 22 7 ISB I S

5 % 3 M
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Stability Analysis of Receiver ISB for BDS/GPS

ZHANG Hui HAO Jin-ming TIAN Ying-guo YU He-li ZHOU Yang-lin

(School of Navigation and Aerospace Engineering, Information Engineering University,
Zhengzhou 450001)

AsstracT Stability analysis of receiver ISB (Inter-System Bias) is essential for un-
derstanding the feature of ISB as well as the ISB modelling and prediction. In order
to analyze the long-term stability of ISB, the data from MGEX (Multi-GNSS Experi-
ment) covering 3 weeks, which are from 2014, 2015 and 2016 respectively, are processed
with the precise satellite clock and orbit products provided by Wuhan University and
GeoForschungsZentrum (GFZ). Using the ISB calculated by BDS (BeiDou Naviga-
tion Satellite System)/GPS (Global Positioning System) combined PPP (Precise Point
Positioning), the daily stability and weekly stability of ISB are investigated. The ex-
perimental results show that the diurnal variation of ISB is stable, and the average of
daily standard deviation is about 0.5 ns. The weekly averages and standard deviations
of ISB vary greatly in different years. The weekly averages of ISB are relevant to re-
ceiver types. There is a system bias between ISB calculated from the precise products
provided by Wuhan University and GFZ. In addition, the system bias of the weekly
average ISB of different stations is consistent with each other.

Key words astrometry, earth, techniques: miscellaneous, methods: data analysis
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