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IGS IGS Real-Time service
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Center Mountpoints* Description

[™ " = ¢ == ¢ = s mm s Em s = Em s Em o Em s Em s = Em o Em o Em s = = = Em s o= s

APM SSR*00APM#  GPS+GLO+GAL+BDS RT orbits and clocks based on internal APM Ultra Rapid product.
BKG SSR*00BKG# ﬁp:d‘c?tf;GAL RT orbits, clocks and code biases based on CODE orbits and biases; yaw angle
Y _T 1 ( ) 1 1 CAS SSR*Q00CAS#  GPS+GLO+GAL+BDS RT orbits and clocks based on GFZ orbits. Also includes code biases.
IGS Rea I TI me WO rkl ng G rou p RTWG eSta bI 1S h ed In 200 1 CAS IONOOQOCAS#  VTEC from Global lonospheric Map.
CHC SSR*Q0CHC1  GPS+GLO+GAL+BDS RT orbits and clocks. Also includes code and phase biases.

CNES SSRIO0CNE Global lonospheric Map, yaw angle, code and phase biases.

CNES IONOOOCNE1 VTEC from Global lonospheric Map.

GPS+GLO+GAL+BDS orbits and clocks based on internal GFZ orbits every 2 hours. Also
includes code biases.

GPS+GLO+GAL+BDS RT orbits and clocks based on GMV-generated orbits. Stream in RTCM
format delivers code biases.

GFZ SSR*00GFZ#

I

I

I

' GPS+GLO+GAL+BDS RT orbits and clocks based on GFZ orbits. Also includes VTEC from
I

I

| GMV SSR*Q0GMV#

S B EEE B ESS § BN 5 ESN 5 ESN 5 ESE 5 ESS § B § SN § ESS 5 SN 5 EES 5 ESE 5 ESE § ESS § ESS 5 EEN 5 ESm B Em § JpL SSRA] UpLO GPS°GAL RT orbits and (|O(k5.
JPL SSRA12JPLO  GPS+GAL RT orbits and clocks.
JPL SSRA21JPLO  GPS+GLO RT orbits and clocks.
> JPL SSRA22JPLO  GPS+GLO RT orbits and clocks.
':;OO NRCan SSRAOONRCO SIZ;P;T orbits and clocks based on hourly orbits from NRCan software. Also includes code

SHAO SSR*00SHA#  GPS+GLO+GAL+BDS RT orbits and clocks. Also includes code biases.

SHAO SSR*Q1SHA#  GPS+GLO+GAL+BDS RT orbits and clocks. Also includes code and phase biases.

UPC IONOOOUPC1  VTEC from Global lonospheric Map.

WHU SSR*00WHU#  GPS+GLO+GAL+BDS RT orbits and clocks based on IGU (GPS) and IGS WHU AC orbits.
Observable Specific signal Biases (OSB) for GPS: L1/L2/L5, Galileo: E1/E5a/E5b/E6/ES, BDS-2:
B11/B21/B3l, BDS-3: B1l/B1C/B2a/B2b/B2/B3l. Satellite orbits and clocks are fixed and used
from SSRCOOWHUO. Moreover, multi-frequency raw ambiguities are all fixed during the data
processing of estimating phase OSBs.

* The mountpoints prefix SSRC and SSRA indicate CoM and APC orbits, respectively.

40°N

WHU OSBCOOWHU1

00

40°S

 More than 300 global stations currently

n
8= . . . . : ; provide real-time RTCM observations.
180°W 120°W 60°W 0° 60°E 120°E 180°W
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Solution  RT-Orbits HE Code-Biases Phase- VTEC-Maps
Clocks Biases

APM 0 X X X X X X
BKG 0 X X X X X X
CAS 0 X X X X X X X

1 x (G,E,C) X (+RMS) X
CHC 0 X X X x (G,E,C) X X X X
CNES 0 X X X X (G,E,C) X X X X X
(c] 4 0 X

1 X X X X X
GMV 0 X X X X X
JPL 1112 X X X

2122 X X X X

NRCan 0 X X X X (G) X
SHAO 0 X X X X X X

1
UPC 0 X
WHU 0 X X X x (G,E,C) X X X X 4
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Current Status of IGS RTS Products

*‘Many ACs provide real-time SSR orbit and clock products

*Product performance varies among ACs (https://igs.bkg.bund.de/ntrip/ppp)

*Only a few ACs provide real-time phase bias products

*Some product standards are still under discussion

It is necessary to provide combined real-time products (IGS02/IGS03)

PPP Displacements [m] using BNC with SSRA00CAS0 - () eke ~ Chinese Academy of Sciences solution PPP Displacements [m] using BNC with SSRAOOSHAO - (C) BKG Shang hai Astronomical Observatory

05

SSRAOO0CASO

05

solution SSRAOOSHAO

FFMJOODEU®  dHeight —— dNorth ——  dEast _ o [ ‘ Ea
04r © PPP client software: BKG Nitrip Client (BNC) 04} FRMIDIDEY0 | gHelght =, dlarth e o PPP client software: BKG Ntrip Client (BNC)
03r o Location: IGS reference station FFMJOODEU, l ) )
02fF 031 o Location: IGS reference station FFMJOODEU,
Frankfurt 02
S=r o Observations: 1Hz, dual frequency, GPS and I Frankfurt
o 01 .
i GLONASS /‘ g o Observations: 1Hz, dual frequency, GPS+GLO
01§ ) : : . 0p e . )
o2} © Orbit/clock corrections software: GPSNet by o e ‘ o Orbit/clock corrections software: 222 by SHAO
wal CAS ’ f o Orbits: ?
o Orbits: ? 0.2

04}

-05

3)
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! L ! I 1
06:00 0900 12:00 1500 1800

o Orbit/clock corrections stream: SSRAOOCASO

on products.igs-ip.net by CAS

o Orbit/clock corrections encoding: BKG Ntrip

Client (BNC)

o Broadcast ephemeris stream: BCEPOOBKGO on

products.igs-ip.net by BKG

-03

0.4
0.5

Il il

06:00 0900 1200 1500
1 108 108 1108

1800 2100 0000 0300
1-0ms 108 118 1108

o Orbit/clock corrections stream: SSRAOOSHAO
on products.igs-ip.net by SHAO
o Orbit/clock corrections encoding: BKG Ntrip

Client (BNC)

o Broadcast ephemeris stream: BCEPOOBKGO on

products.igs-ip.net by BKG


https://igs.bkg.bund.de/ntrip/ppp
https://igs.bkg.bund.de/ntrip/ppp
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Existing Issues Positioning Performance
I . | PPP Displacements(m] BNC with SSRA®3IGS1 - (C) BKG :
- Specific AC .o — :
| I | ol FFMJ01GEUG amgm —  dNorth deast oop Dieol w1 BNC with SSRAGGESAL - (C) 8K |
. . . . 9.2 I isplacements[m] w1 - )
, HProductinterruption - 1 5 ~ e S TR ] —Rousd . P N ) e
i— ................. o | . _ V\T/ ' } ! 1/ r‘l\/ 7 + FFMJ@1DEUO dHeight ‘ dNorth dEast |
I - | 1 [ h 1 'l

L ol |
! 1GS03(combined product) ! R AL % 0.2 j !l !

| , .
. H | . [ = ﬁ e l /4 \! [ A [\ ) A\,-\» Pt | |
OProduct interruption -t 4 av T \\ o M«.‘Nt\:., oA _
i : - A L o o Y o.ar ‘h J v \ I
0.2 %qu i ;

0.3

o
T

OProduct jumps - :
. ., RE K SLO 2 |
!— ----------------- -I ! D-'- a\‘ W’\A\(’, _0:4_- b ;
| | I 0.2 -0.5 L 1 1 1l 1 1 I | " i
. . . . ere . L . 1 — 06:00 ©9:00 12:00 15:80 18:00 21:00 ©0:00 03:00 .
| I.IfT\It(E(j r(3||zjt)|||t\/ E]r\(j I | 06:00 £9:00 12:00 15:60 18:00 21:00 ©80:00 03:80 03-31 ©3-31 ©3-31 03-31 03-31 ©3-31 84-81 04-01 |
. . 03-31 ©3-31 ©3-31 03-31 03-31 ©3-31 04-81 04-0l .
| robustness - :
I ! IGS03 (combined product) ESA :
e e e - U -8
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Problem Analysis

B Different ACs use different:

estation networks
eprocessing models
ereference frames

B Product interruptions and jumps still exist

B Existing studies mainly focus on:

*GPS-only combination
epost-processing combination

B BDS combined products show significant jumps

7
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A
m Performance of IGS Combined
Werner  Products(SSRA03IGSO0)

Al RMS C RMS
0.2 ong (RMS) 0.08 ross (RMS) Along (RMS) Cross (RMS)
0.08 0.05
0.15 0.06
0.06 0.04
= 0.1 £ 0.04 HiH _ 0.03
= 0.04 i £
0.02
0.05 HH 0.02 0.02
: 0.01
0 _ 0
Radial (RMS) R-Clk (STD 0 0
0.08 0.2
0.04 0.15
0.06 0.15
0.03
0.1
= 0.04 £ 0.1 _
0.0 0 = 0.02 IS
0.02 H 0.05 0.05 1
0.01
0 0
S0 I crne T e e S0 0 o T 0 o MEMEFHRENRNNUNN NN NN uNAY
G 2026/0 G 2026/0 E 2026/01 E 2026/01
GPS Galileo
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Performance of IGS Combined

werkswor  Products(SSRA03IGSO0)
0.15 Along 1 Alqng 1.5 Crc'>ss -ross (RMS)
0.1
0.05
o -
Radial R-Clk (STD)
0.15 p i i i | | . i i i
1 Radial
0.1
0.5}
0.05 B
° 20— ANILOOMNOOO AN
SO NN
R 2026/01

0 5 10 15 20 25 30
C Time(day) 2026/01 9
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Coordinates of BDS C28 at adjacent epochs

X(km) Y(km) Z(km) X(m) Y(m) Z(m)
* 2026 01 16 03 20 00
IGS03 22394.174587 -2557.292760 -16451.960500  -0.009 0.082 -0.047
WUM 22394.174596 -2557.292842 -16451.960453
* 2026 01 16 03 25 00
1GS03 21964.462656 -2173.372020 17074.267832  -0.131 0.245 -0.123
WUM 21964.462787 -2173.372265 -17074.267709
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-4 x107
8.9 &0 4.312
Cc21
-8.9005 022 /
/y H4.3115
-8.901 e
-8.9015 4 4.311
6902 14.3105
» -8.9025 »
-8.903 1431
-8.9035 4 4.3095
-8.904
. 4 4.309
-8.9045 |5
-8.905 4.3085
0 5 10 15 20 25

Hour (2026/01/16)

Clock Series of BDS C21 and C22
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ics 2025 Performance of IGS BDS Combined Products
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A
|M Conventional Combination Method for Post-
WORKSHOP proceSSing

Orbit Combination Combination Method

T i =
[ | I n i i I . .
: iy Pixorb} - clki,, =271 b Xc_lkl | | Post-process I
Orbcom n_ Pi I ‘;.1_1 le " : . . e ;
- . R e 1 | elterative weighted averaging.
| I ®*Accuracy assessment '

%rb" B Orbit and Clock . *

Unify Satellite Orbit Input Analysis Center oriection ——  mEs 5 EEm R B EEm R R Em § o R o w I
Reference Frame 4ﬁ/ Orbit Files / I .

| | | Real-time I

Establish Adjustment Model
Based on Helmert
Transformation

Clock Bias
Alignment

O Preprocessing

O Weighting strategy

Y

Iterative Orbit
Weighting

Iterative Weighted D ACC u ra Cy eva I u ati O n

|

|

|

| Averaging of
I Clock Biases
|

|

|

|

Output Combined
Orbit

[1] Kouba J, Mireault Y and Lahaye F. (1995). 1994 IGS orbit/clock combination and evaluation. Appendix of the Analysis Coordinator Report,
International GPS Service for Geodynamics IGS 1994 Annual Report, pp. 70-94.

[2] Sakic, P., Mansur, G., & Mannel, B. (2020). A prototype for a Multi-GNSS orbit combination. 2020 European Navigation Conference (ENC), 1-11.
[3] Chen, L., Song, W., Yi, W. et al. Research on a method of real-time combination of precise GPS clock corrections. GPS Solut 21, 187-195 (26f17).

A

1\
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|¢s Real-Time Orbit Combination
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I_._._._._.:m.(m; ..................... -
Orbit combination ! 1 !

; 1

: Epochl | Epoch2 | Epoch3 Epocl Epochj+1 Epocl I

O RMSi = OTbi — medngy,p s Use I o o e i e I
I .

average orbit as initial reference : |

i Move Wi+l I

RMS; . -

aOw,: = : Normalize AC !
l,] :l=ul1‘n_AS RMSL’ ! .

. | Epochl | Epoch2 | Epoch3 Epocly | Epochj+1 - Epochn !
weights epoch by epoch | |

l !

num_AS ' i I

O OT'bj = Zi=1 - Wi,j . OTbi’j, I |
e h e s mm s mm s mm or mm s mm s e s e s mm h mm o mm s e s = s = n o = s d

Iterative weighted averaging

Sliding Window Weighting
15
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IGS Real-Time Clock Combination

AS_REF

11 Cas R
22 ¥

Radial correction based on combined orbit

I
I
. Sat S Sat -
I Sat XAC,t - Xref,t) ‘XAC,t I
A OT‘bt — Sat .
! C-R; I
i I
Clock datum correction a5 CoR AL
[

'O Linear trend removal using IGS strategy !
|

: |
i O Initial clock alignment ;
; :
: |

| 1

0
I 11-25 00 11-25 03 11-25 06 -

-
I - tiarz b
ciorz
I 15
| ,
1 15

16
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IGS ' Issues in Real-time Clock Combination
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AC data interruption Single satellite data interruption

EpOCh (hour;minute) 07:21:30 07:22:00 07:22:30 07:23:00 07:23:30 07:24:00 07:24:30 07:25:00

I

I

|

I

|

I le—11

I 6 —— C45

0.10 1 ACT ,

0.05 - . | , : 4

7 0101 AC2 | .
N I
< 0.05- , | , :
S 0.10 AC3 : 0
S 0054 , | , ! .
Q 0.10 | ——_AC4 |

0.05 - * .“. M 2 : ]

0420  04:40  05:00 : N
I
|
|
I
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Determine clock datum by inter-epoch differences

1

n .
Zk_l(CLKI‘IfCJ — CLK4¢ ;1 + CLKG¢ ;1) k #i

le—8—-9.025e—-4

—4.109 A
--o-- Clock reference before

© —4.988 - Clock reference now /
= 1

o

Re!

@)

S

—5.867 -

‘>-6.746 - . . ,

<

3

< 0.120 A

5

9 0.100 -

o

£ 0.080 - 5 o BPacs hanrel iadie

by o : T~ AT (4

$ 0.060 s Xnde D1

§ 04:20 04:40 05:00
Epoch (hour:minute) 18
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. Workflow of Real-time Orbit and Clock Combination
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Clock
combination
SSR orbit clock Satellite precision
correction values clock bias
. l [m "™ " "= " e mm e Eme e Em e
¥ ! - ]!
Satellite precise »  Orbit radial error I T-l_ P ! Xclk L |
orbit correction - 1k i __&y=17g ] .
I C = ;
; - D, ! com = "5 m pi .
Orbit error | Real time clock bias : | =1 ] I
elimination : reference preprocessing | . .
e — ——— | | _
- - J------- i pi _ Adcue = Refeue !
| . | . =
Weighted average of 1 ] n I
I . .
| orbital iteration i Clock reference Z i=1 RMS i )
iy M | alignment | I
Orbit l .
. . NO EEE B EEN 5 EEE B BN B EEN N EEN N EEN N EEN N BN N ESN N EEm B B &
combination l
Meet the Clock iterative
threshold weighted average
! | T No
Yes Meet the
threshold
Combination Orbit:
Yes
19
Combination
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Data

Data Loss Statistics

BDS-3 MEO Data Missing

IS APM CNE

1IGS 2026

WORKSHOP | One week of BDS real-time
products (DOY 329-335, 2024)

Products Interval/s 2 E— . WHUY

SSRAOOAPMO 5 : i i i -
SSRAOOCNEOQ 5 : HEHS _
SSRAOOGFZ0 > | |E| : | 1 | I_ T T T T T
SSRAOOWHUO 5 24 25 26 27 28 29 30 01 24 25 26 27 28 29 30 01
SSRA03IGS0 10 s APM HEE CNE mm GFz s WHU

. .

- : . : I Orbit Accurac

| Orbit Combination Weights: | i

| | AC 3D/m

i APM: 0.31; CNES: 0.11; GFZ: 0.25; i APM 0.095

: WHU: 0.33 | CNE 0.242

| Weights are consistent with orbit : GFZ 0.112

!accuracy. | WHUY 0-080 25 26 27 28 29 30 21

. Epoch(2024-11-day)
SANTIAGO - CHILE



m Product Completeness
IGS
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n S
ZS=1 Nava,AS |_ ......................... 1

Completeness AV A, =

n S
s=1 Nfull,AS

| Combined product completeness

I
I
| reaches 99.9%, 12.7% higher than |
I .
' I

C19 C19(AS_orb-final_orb)
0,001 - = | IGSO3 _
0.000 A J
_0001 - — — O — O — N — N S— W S— W —— W —— —— —— O — O S—
che
0.001 A
0.000 A
—0.001 1 :
i Data Completion Rate Comparison
0.000 COM
—0.001 B Complete
- APM omp
0.001 CNE [ Missing
0001 ] ' GFEZ
igs WHU
g0 B IGS03 | |
e ' - . - ; —C - : T T
com 90 95 100
0.001 A
ool ' ' : ' ' ' | ' Percentage (%)
05-31 00 05-31 03 05-31 06 05-31 09 05-31 12 05-31 15 05-31 18 05-31 21 06-01 00 22
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7 8 ] / Orbit RMS compared COM IGSOB\

=02 1] with WHU finial products
IGS o
WORKSHOP 0.0 | ENN I B S B B R R B B N S N B B R B R B R B R S R .
E 0.2 A
Unit (m) Along Cross Radial O 0.0 I 1 I 1 I I 1 I I I 1 I 1 I 1 I I I 1 I I 1 I I I 1 I
MEO  0.049 0.037 0.034 £ 021
COM <
IGSO 0-151 0-169 0-151 0.0 1 1 1 T 1 1 T 1 T 1 T 1 T 1 T 1 1 T 1 1 1 T 1 T T T T
OO AANMSTINONOOANMSTSTINONROOOOHANMSTLN M
MEO 0.167 0.131 0.071 k D'S888888888888888888888885“é’j
1GS03 =
IGS0 0.213  0.230 0.175 / COM WHU APM  mEE CNE GFZ |®
- — — — —_ — — — —_—_—— . 20-
| Combined products improve orbit | 0.3 A 3D RMS
I ' i
- accuracy by: | B "o
! | »n 0.2 1
| 50-60% for MEO i = 1.0 -
| 10-30% for IGSO | %011 -
I - I '
| Better stability and completeness | | |
] | 0.0 0.0 ==
thanindividuaIAC rOdUCtS i DO T ANNITVWONDODDIONMITOONTTN®SLO ® 0 MO
bl proges i\ 58588388583338388853838% 883/
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m Clock Accuracy >*-
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| Clock STD: 0.16-0.30 ns

: Better than most AC products
| Improved over IGSO03:

| 7% for MEO

| Combined SISRE STD reaches |
10.052 m, 46% better than IGS03 |
I

: and 20—-80% better than other AC '

—~ 1.25 7
»

c

]
—

n
0.75 A

mm COM

s WHU . APM

B CNE . GFZ

1.75 1
1.50 -

1.00 -

0.50 A
0.25 A1

Clock STD compared with

WHU finial products

3.0 A

2.5 1

2.0 A

1.5 1

1.0 1

0.5 A1

0.0 -

SISRE

SISRE STD (m)

0 D O
M M <
(ON®)

0.6

o
o
1

o
N
1

0.0
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m\\ Kinematic PPP Validation

IGS | .
e DGAR - 1GS03 cou— ———————————————— --ﬂ-‘ﬁrﬁ’:“
05 ! ! I . . .
G P P 2, o\ /»' * Positioning accuracy |
5o VW wAegitgeagt ‘f\w AR e i A T 0 ROt
§ [ o improved by over 50%. U
05 L I ! ) \ L. ,
| _ \
_ ' . . ' ' ' b Comparable to WHU T .
£ 0 \\J'_Mq L 'v"'\..M-' ‘f“;‘-w'-v‘ J'g;‘,v‘- e BN 02 s
5 T Nl E » 77" N products. w
1 1 1 1 L | e s e m— m— — — _180° TS5 60?IW N =5F TS5 =0
: J‘ PUA Mg J N *‘4 f‘“-“"’““ solli Tested 27 stations
a V‘\'vﬁ\ . w’“' L
) s COM APM IGS03

WHU I CNE

'mN RHTII Y |

60 80 100 2
Time (h) 2024/11/24

DGAR <

AC X 0.2
N(m) E(m) U(m)

1GS03 0.103 0.167 0.286 0.0

N E U
COM 0.063 0.097 0.097 All stations 25
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IGS Conclusions
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BMSliding-window weighting improves real-time combination.
BMDatum switching and satellite interruption issues are resolved.

eOrbit and clock accuracy are significantly improved.

———————

) ({ \

eSatellite availability and completeness are enhanced. .. |ssraoisiao  ssreorsao  ssraotswas ssnco15HA1issnAooc0Moi

| |

BPPP accuracy improves by more than 50%. WTme paem  Upion  Upors)  Upom | Upor) |

1 |

.SHAO real-time Combined products iS under test at Input 399.844 MB  373363MB 371964 MB  372.832 MB : 228498 B i
|

1 |

(1292116915922’ SSRAOOCOMO) Output 399.515 MB 676.823 MB 371.761 MB 372.552 MB i 0 Bytes i

| |

. | I

B\\We are prepare to contribute to IGS RTS combination! @ /*® /s el eE e SR

-
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Thank you!

* http://www.shao.ac.cn/shao gnss ac

e http://www.shao.ac.cn/shao gnss ac/produc

ts/

e Email: zhyize@shao.ac.cn

SANTIAGO - CHILE www.igs-workshop-2026.com
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IGS Different ACs in May 2026

WORKSHOP

Table 1 Combination strategies using different numbers of ACs
Product WHU APM GMV CHC CAS CNE SHA

3ACs O O el
4ACs O O O O
5ACs O O O B O
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