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1 P2 B 5T B L b AT, 100830

W E.%243%FMIE 2% (Global Navigation Satellite System, GNSS) &2 BS54 F T E 4 8 A 4N
BAMFE R EH R, #FT % GNSS Z 3 A %814 £ (inter system bias, ISB) /45 & 4] 4% £ (inter {requency
bias,IFB) fif FA 45/ , 4 GPS RS A 28 iR A o , 5 B T —H i iR ISB/IFB & 5894 k5 k. KB RBLE R
AW & F%ISB/IFBH AR B RIF O AT RRER — 244 T 20 55 69— 504, BDS ISB 4947 # £
0. 36 ns,Galileo ISB #4474 £ 4 0. 18 ns, GLONASS IFB 6947 £ 4 0. 51 ns; A KM E R A G H LT,
TSR3 5h g ISB WA 438 4243 Tk 3] ns & £ 5 ;GLONASS IFB £ B — sk 3335 MR S8 S 09 T 2 & R R

BRIFEAF AL T T EHRIE T RAFA— B,

KB GNSS; R — s F R A AN R £ F Wk £

HE LS P228 XHARERE A
SERUVRESFMEMCEIEAZRGER,
Je3k =58 7 E S BIC il B2a, Hovp BIC 5
2K 5E HL & 5t (Global Positioning System, GPS)
L1 &% Galileo E1 #i % — %, B2a 5 GPS L5 &
Galileo E5a % — 50, BB I 3 TR %At & 4
(BDS)/GPS/Galileo/GLONASS % S fili & 4t 3
HHBAES . A0H T8 RGAE 545 KGR
el A5 UL F A T2 v S e AL i £ 5 A IR A7 22
20T ok & 4 6] 2= (inter system bias, ISB)
LI B 6] 4 22 (inter frequency bias,IFB),
Huif N b & XN Z 2R TE RS
(Global Navigation Satellite System, GNSS) ISB/
IFB S8 i1 K o AT iti A7 7 R i kst . dh
P2 ] MGEX (the Multi-GNSS Experiment) R
5 P B, i &% BDS/GLONASS (4 I1SB/IFB, 52 81
TH—HMEEZE T 1 2 R G RA E ¥ Monten-
bruck %M IEBRIE T GNSS 1SB 5 132 L i 1
W(E 5 I 3E ¢ & ; Tegedor 250 %} Galileo, BDS 5
GPS B4 & v I1SB S8 479250, & UH 5 H2 11k
BLZE B AH G AN [R] 28 AU 2 i L =2 ] GPS/BDS 1Y
ISB 22 A #3100 ns; Dach 25" Hf5Y T GNSS &
Gt 22 B PFAER  GLONASS T0 8 2 [f] i 4 ] 22 K
HARE. 2 GNSS REUE R PLIE &L E IR 5 %L

Y FE B HE:.2018-07-15
TIE % B E R A RE 4 (4147401D)

HEHE 2 ISBLIFB AT SR

AR < — 357 HEAT BDS/GPS/ Galileo/
GLONASS fi R s 2 g BIFE ] — 7 22 7
fRSE 2 R G PUE RIS 8 S T £ GNSS R
GRS EE B ISB/IFB MR SR IR o0 A 1 4% R 4
ISB/TFB fy 41t

1 % GNSS R EEH Y NEE

GNSS K% & Pl RMIEZE LB ZHE
pURIRIERTIZRR €/ (8 R
PC, = (ft « Py — fi « P)/(f1 — [}) =
o —cedt tcedt e ld —d)+T +e (D
LC = (ft « Li — fi « L)/ (f1 — fD) =
or—ced+cedt,+Ae (b, —b)+
AN +T +eg (2)
K. S & BRI r RN B ER Ul s ROR T
5 PC KRR Ph BE o i #5220 A WINE s LC RoR
BN TC L B JZ S WL AR 5 o O TR 5 R il 10
JUMTEE RS sor Jy TLALPP 22500, AP 255 ¢ &
TG T Ry X i J2 IR A 3R k5 Ny B 2 40 e
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BB A A2 S IR s o) DR R MR R 5 Py (P, N R LR V=BX—L (3)
PR LN s Ly (L. S J5 46 280 e AU fvpv_[WﬁL_[hq

LR VLA I T 7 0 F R 25 T A s ed’ L.
X = [dX° dX, dX., dT, de od, dd* b, b Ni (4)
—u U, U., me(E) 1 —1 1 —1 0 0 0
5o ] B
—u Uy Uy, Mmya(E) 1 —1 0 0 1 —1 2

Lypc F1 Ly 53 31 72 O BE F1AH A2 OMC (observation
minus computed) ; Vee Fl Vi 43 51 4 £ BE F0 2% 3%
IR 2% 5 R Al S BUR O LB ) 36 IR 38 2 800E (B
T B R O A A | R R A B O IE L Hh Bk
5% 28000 TE 0 I 2 2 8000 | OpL B 25 ek
1E TR B 22 Bl OE R ROPL A A ZE R | T A A
PEAEIR R WOHLAR 7 2R | TR AR A A 3R DA B A5k
JEU S X RN R S BUE s B ROR R S R
O BE 5wy S B ER 0 L B SR B e s MU BR
SRR me 20U )2 B PR A 2 B
ANTR] GNSS 7 42 i) O B F0AE 7 U8 I {4 76 T AL o
AL 1915 5 IR JEAEAE 25 7. X T GPS/
BDS/Galileo Z 4t , 152 7 Ge S04 b BRI 75 22 Ak 11
RG22 , 1 % F GLONASS R4, i T 2% i 45
Oy Z L HA T BEA I A ] g 2%

2 FREEY ISB/IFB &t

FEWCHL BE A SE R LA A7 SR L T AL
B 3R | TR A ZE SR B B T £ GNSS & 4 fif
PRAESR . 3 3 (5 m A, TR A R YR ML B 2
TR 2 OB R A SR | 2 OB 7 S R
TR AR AL IR | TR R A A IR AE A T R Bk T[]

AN 5.'1"7'(‘,&” + l{i.ﬁfall (t)

A dr 2 W R T A B A A SR Y T AR A 2 ok
TEAF 5 NS % s T 432 WS ML o7 A2 3R 1 4500

B T BT SR A I e I AR EL R,
GNSS 1 % & Pl BB & X BT Ly

TR A A A 3R g TR A 2 W i, TR R IR BL

R 208 3R AR B8 W i L IR . 2 GNSS R 5

FE R AT A, 55 42 WAL A A 1 ik 3R . S B 280 40 Ak 3

o [F SRR R 2 SR BB 2 IE A 2 A

B TEZ GNSS RGN % € B b 7 E kAT R 405k

MG —. FIEF GPS RGN 5 & M &, D

GPS RGMER S . 5l AF WA FMENE AR

T ] 43 518 BDS, Galileo, GLONASS A %f T

GPS R G /5 3 6] i 2 58 LA

ISB® = ad; — ad

ISBFC = §dF — 8d°

IFB*¢! = 3dy — ddy

IFB*C? = §df — 5d¢

(6)

IFBRG el = 58 — 5d¢
A, ISBCC [ ISBFC J& BDS, Galileo £ %8/ X%} T
GPS R4 1) & 4t o] i 255 IFB*' & 7 il GLO-
NASS T EMXF GPS R4 KR 0] i 2 ; g_all
J& GLONASS T2 %%,

RO RAKX B, i

Wie =— b+ dXO F o dX, F ey » dXoy F e (E) o dT, (1) +dt, — e (0) + 15 ()
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BDS.Galileo & ¢ 73 | & B A4 i1 1 4> 2 %, 1l
GLONASS Fifiit g_all A~ 2 5, I n A B2
WL (g_all+2) Xn NS BB
(D HRE [ Ak 31 TSB S0 A B s ol 132
WL 25 R G4 GPS REEMY ISB #1284l 1 IFB
RO BT R i B SO Lo X T GLONASS T2
1 TFB Rk 2 DR Ay R SR 2 T 7

K51 53 4

K FH 2018 4 001 = 045 K MGEX o $t % »
AT T 2 GNSS RGPl € Pkms ik 1.
KA GPS N AMER) T E LR . RIX T ISB, 43
A BRER U B RGN — DS HG TN T IFB. 4
AN B A A T I — A B8 LA R 2

ISBY¢ +1ISBS¢ + -+« +1ISBS“ = 0
ISBF¢ + ISBEC + -+« + ISBF® = 0 Buh AR LA R S8 1SB/IED Rtk .
IFBEGT 4+ [FBRC!  «oe - JFBRG! = 3.1 BDSISB 547
IEBEG? 4 [FBEG? 4 woo 4 JFBRG? = K 1 d fr A ER B vk BDS 1 ISB ¥ {E 7 — 13
IFBIIQGJ +IFB§G,3 + vee +IFB§G'3 — O ng ns ZI‘E—'J9EI]_3. 9’\’3. 9 mJE/I\EEE%ﬁ;ETf
: 45 d NI AR AL AR /0N I LB 8] )7 30 5 A AR 4 1
IFBRC* 4 [FBRC* 4 ooo o [FBRC* = — e, TR S e L A s AR B T
o MOARIE T2 B 5 A B 0 9
K1 ZEREBEZEYRE
Tab.1 The Strategy of Multi—system Precise Orbit Determination
e o W 25 R W
S LC+PC JCHL 5 J2 4 A 0 Il fE 55 Z i 5 — A BB
Jeu e PlE 1 m, 3% 0. 01 A 3 A8 B SNX 3+ % B s P 45 R
Ak = B A 7° Xt 2 Saastmoine 1557 + o 4 W 7S
WU AEL AL p=1, ¢>30"; p=isine, e< 30° AR T A A IGMAS #fi: 7 {8
KL 4 55 D B UL 22 PR AL T+ 5 s
GEO(geostationary earth orbit) T A [ &
IR 3d TR 1GSO(inclined geosynchronous orbit) /
MEO(medium earth orbit) T [ &
E 2 fras . B4 B B Bl ) ISB KAZ 4k, 45 d ¢ 457
G ISB AR fb e e » - HL IR 5 v ISB A% fb i A 3k il
A R — )" . it A M B BDS 227
N .o Q30
ISB # %5 i 22 (standard deviation, STD) £ K N 2 )s
LAUT 35 0.57 ns, /Ml HARB 3 0. 28 ns, - Sl 1
¥J2h 0. 36 ns. 0 5 10 15 20 25 30 35 40 45
20 FERH
15+ —=-NKLG = DIJIG - CHTI-+ CPVG * HARB
ol e ey e e Il
L ceteslgg et PPBPUP &l 2 [6— )2 BDS ISB J¥ %
2 5| « uu $eeti et iesitaesettitetatetiy &
§ ol ﬁﬁﬁﬂﬁ !!Hgggﬁf*tﬂtﬂgﬂgg‘ ng Fig. 2 BDS ISB Sequence of the Same Layer of
-5 --a-.-::..'o:...-:..a:"-.--.::.:::::::.:-': Monitoring Stations
10 Lasesgereipbiioss et asetepereseporirnongtt | I 3 FE . ARG BEMOHLE BB 3 ISB
s I
0 5 10 15 20 25 30 35 40 45 X M e, A 4 K 5 s, H A Leica
ERR

——AJAC ---AREG —+-ASCG -+ AUCK:—+-BRST —<+CEBR
—+-CHPG —+-CHTI - CIBG -+ CPVG —-DJIG ——DUND
—<DYNG —»GMSD — GOP7 HARB —=—JFNG -+ KIR8

+KIRU -+ LAUT -+ LMMF —«MAR7 - MASI —--METG
—+MGUE —-MIZU —-MQZG —+NAUR —-«NKLG —NNOR
—ONS1 —+—RGDG = THTG —-TIT2 -+ TLSE -+ VILL
—+-WGTN <«ZIM2 —»ZIM3

Kl 1 FREERuS BDS ISB J371

Fig. 1 BDS ISB Sequence of Monitoring Stations

it T 6 KBS L ISB A {E /Y F 44 {H .

GR25 42U AL #Y R 5 3f 1SB 22 5 die /N 78 1 ns L)
;i TRIMBLE NET RO Y& #L 1 GOP7 3 il
MIZU 3 t 38 7 7 . & ¥ GOP7 3 % ] LE-
IAR25. R4 R4, MIZU ¥ % f| JAV_RINGANT
_G3T K&, & U Pl Ay H i 81 B b ok A
TRM59800. 00, A it BDS ISB A §8 £ 5 JR 15 il 5%
FHB RLERIA K,
3.2 Galileo ISB & #f

B 4 H BT A BR B 3E Y Galileo ISB 2 $4H 78
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Fig. 3 BDS ISB Statistics for Different Types Receivers
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—10~15 nsZ[a], Bl —3. 0~4. 5 m, G4~ IR & ol 18
45 d WINAEfE AR/, 5 BDS ISB 281401, 45 3 A7 15

B2 . Gt BRI Galileo ISB ) STD
K JENG 35 0. 51 ns,fx/MAy NAUR ¥ 0. 11 ns,
44 0.18 ns, Mt 45 d [ELESHT . &I Gali-
leo TLA2 ISB b BDS 1A ISB (S50 ki .

FAEGE T T 6 RS UL Bl Galileo ISB ff
(B 24E L A&l 6 7R o AR U, TR — 28 ALY
YA XS 7 BR B 0 Galileo ISB AHXTE #5235
BDS ISB £ % 1 i 2ol , TRIMBLE NET R9 $%
WCHL A R RE BN A5 3 A TSB, X028 00 0 450 5 &
AR FREAFE RN . Hi, Galileo ISB
B PR R R I R R A4 6,

10 |
£
m
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0
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s e P A e
<<ZRCEAGESEE300M S 23ZOZF NN
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Fig. 6 Galileo ISB Statistics for Different Types Receivers

3.3 GLONASS IFB 4 #7

HY R A R A 0 T TEB S B
AL 7 HEH T ALBH 35 GLONASS &4 4
T2 IFB ¥4I,

ALBH B 5 55 19 IFB 30 fl 7 —2~3 ns Z
B, Bl —0.6~0.9 m,¥RIEFIEATE 4 ns IN. &
1T ALBH ¥ & 8 T & ) GLONASS IFB )
STD, ikl R02 A 0.78 ns. /N R15 1A
0.33 ns, ¥4 0. 51 ns, [t BDS #1 Galileo 4 5E
PERGAK . X J2 i T BDS i Galileo it B AE R —
S8 GLONASS —Fi 2 A — 1S5

% J& 3] GLONASS 3R 45 43 22 hk o AR L Ji 5
PRARIE S (—7~6) 4K, % ALBH 345 8 T &
IFB Z 80KV B8 43 A A [R) 4 %6 CR () 43 5 )
() IEB A2k, qn & 8 iR . Al A& B, [7) 43 2% 7 5
TR IFBAEF R e K 2ZE RN 0. 2 ns, Fi & 415
s fb R B AR 4 1 — B k. HARB, JENG,
PERT.KARR, WILL ¥} 3% ] #y /&2 TRIMBLE
NET RO #tHl » [A] — 42 e bl 2 B A9 B 5 o TFB
SER AR A ns W 22 5, OF HLBE AR
5 AR Bl SR AT A A e
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Fig.7 GLONASS IFB Statistics for ALBH Station
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month, it is found that the ratio of the absolute value of the correlation coefficient over 0. 4 on the
monthly scale is 29.17% , and the strong correlation characteristic is shown on the macro. Secondly,
wavelet coherence are used to analyze the correlation of annual ZTD and AQI during the period of Bei-
jing 2014—2017. It is found that ZTD and AQI have strong correlation in a certain time frequency do-
main and pass the 95% confidence test. Finally, according to the correlation analysis of ZTD and AQI
in some time domains of Beijing and Changchun, the ZTD and AQI in March in Beijing showed a posi-
tive correlation on the whole, and AQI had a good correlation with temperature, pressure, humidity
and wind speed. In the study, straw burning in the time domain aggravated the formation of haze in
Beijing and Changchun, and then affected the tropospheric delay.
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ISB/IFB Estimation and Characteristic Analysis with Multi-GNSS
Precise Orbit Determination

DANG Yamin' ZHANG Longping' CHEN Junyong'

1 Chinese Academy of Surveying and Mapping, Beijing 100830, China

Abstract: The effects of inter system bias (ISB) and inter frequency bias (IFB) need to be taken into
account in the multi-GNSS precise orbit determination. In this paper, the ISB/IFB estimation model in
the context of the multi-GNSS orbit determination is derived. A constraint method for reduce the rank
defect about ISB/IFB is presented based on the GPS datum. Experimental results from MGEX data
indicate that ISBs/IFBs of the different system are of good stability, and have high consistency for sat-
ellite time series in each system. The standard deviation of the BDS ISB, Galileo ISB, GLONASS IFB
are 0. 36 ns, 0.18 ns, 0.51 ns, respectively. The ISBs from different monitoring stations are relative-
ly closed to those stations with the same type receiver, but ns-level differences can be still achieved.
The GLONASS IFBs are consistent with the same channel number satellites of the same monitoring
station and different monitoring stations.

Key words: GNSS; datum unification; precise orbit determination; ISB; IFB

First author: DANG Yamin, PhD, professor, specializes in GNSS data processing, regional crustal deformation analysis and modeling by
space geodetic techniques, tectonic plate motion and geodynamics, geodetic datum and reference frames. E-mail: dangym(@ casm. ac. cn
Corresponding author: ZHANG Longping, PhD. E-mail: Ipzh1988@163. com

Foundation support: The National Natural Science Foundation of China, No. 41474011.



