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Generating Global Ionospheric Mapping (GIM)
◦ Model,Algorithm & software (SH/PWL/RW/ICLS )

◦ Data and Results (RMS,DCB, IONEX)

Real Time European Ionospheric Delay for PPP
◦ Algorithm & software (IDW/PLY/RW/Filtering)

◦ Receiver DCB effect on PPP

◦ PPP Convergence Results

Discussion and Summary
• Challenges for RT-ION: PPP requirements, SLM & MF, 

Receiver’s DCB

• Summary



Spherical Harmonic Model in SLM for GIM, adopted by 

CODE from 1998, Dr. Stefan Schaer; Observation 

equation is as following:

Mapping function: 

•MSLM

•Cosz
•Extended Slab Model (ESM) 
mapping function
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Grid VTEC Time Series from PWL
Piece-wise Constant

IONEX Map, Piece Wise Linear 
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Normal Matrix of PWL
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Grid Time Random Walk for GIM: Grid Points’ VTEC Variation 

with time, VTEC1 – VTEC2 = 0, with a Sigma

Grid Variation Constraint for GIM: Grid Points’ VTEC variation 

with latitude, local time, VTEC1 – VTEC2 = 0, with a Sigma, 

must consider gradients and Grids’ interval, especially two 

peaks in North and South Hemisphere 



 Inequality Constrains for negative Grids
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Rough idea in Inequality LSQ:

calibrate LSQ Solution with inequality equations’ information

Strategies in “IonosphereEst “ Program:

1.LSQ with PWL and  Random Walk in Normal Matrix

2. Get Grids’ VTEC and find those negatives

3.  make G and q with iteration method

4. Calibrate SH Coefficients 

5. Iteration again according to the results



161sites. NRT248sites. PST



CODE’s IONEX have zero values, in facts, negative

2010 IGS Workshop present this problem again

Many methods are used: Kriging interpolation in 

UPC, bi-cubic splines in JPL, ……

There are some phenomena in time and spatial 

variation for Negative values’ occurance



Inequality Constraints on GIM, its

Contribution :

•Make RCVR DCB more stable,

•Eliminate the negative values in 

IONEX products.

•Improve GIM solution in sparse area

GPS sites in this figure is in sparse area, 

22sites, 4 sites’ std become  a little larger, 

others become a little smaller.



2011doy200—300 GIM Differences with CODE

JPL and UPC have large differences compared with CODE

GFZ is almost the same level with IGS



1. Daily Automatic Solution running 

2. Hourly Automatic Solution running

3. Real-time ionospheric Mapping



1. In Small values, quite quiet

2. Variation along latitude

3. Boundary effects in building  

regional Ionosphere mapping



There is a bias in DCB results between GIM and EIM daily solution, which is caused 

mostly by the geometry distribution. 

GNSS satellites are all viewed by all sites in the whole day, but receivers are fixed 

there, the geometry is not so strong as the satellites’. RCVR DCB variate much.

Satellites’ DCB



 Algorithm

◦ Inverse Distance Weighting for all IGPs

◦ Polynomial Fitting for whole region

◦ Sequential LSQ, Using Last epoch’s Grid VTEC Constraining

◦ Spatial Constraint, adjacent IGPs’ VTEC variations

 Procedure

◦ Extracting RCVR DCB with GFZ daily GIM products (prepare dcb file)

◦ Socketing EUREF Real-Time data Stream (>100 sites)

◦ IGP interpolating to get Grid VTEC (N30~N75,W25-E40)

◦ Polynomial Fitting every Minutes using all IPPs, IGPs, Last Grids, Grids’ spatial variations



Fitting errors, not final accuracy 

for positioning

Stability not mean accuracy

Different RMS from different 

sites mean accuracy 

distributes unevenly

RCVR DCB,  ION-Delay model, coupling together.



•PPP Algorithm
•P1,P2,L1,L2 used, zero-differenced observations, ion viewed as pseudo-obs

•Estimates: Position, rcvr clock, iono-delay, ztd, ambiguities of all L1 & L2

•dual-frequency: classic LC solution and P1/C1/P2+Iono model;

•PPP Convergence speed is up to several factors

•Accuracy of Initial coordinate  (if constrained by priori-initial position)

•Ionospheric Parameters’ constraints (prior information for PPP, precision problem) 

•SV Geometry observed at receiver side

•P1 & P2Observations’ noise

•Receiver’s DCB (cause bad initial position  before carrier phase dominating)

• Weighting strategies, absolute weighting, relative weighting…



1. Existed and inhabited DCB means different

receiver clock error in C1, P1 and P2 observations,

which cause the fact that PPP can not estimate

only one clock error while using zero-difference of

P1 and P2 together to initial PPP based on carrier-

phases. To make PPP converged rapid, RCVR

DCB should be removed.

2. Big RCVR DCB means bad initial position for PPP





•No UPD used for integer-ambiguity in  PPP solution

• GFZ_GIM used for PPP as prior-info , comparing with LC PPP, doy300, 2011

•Simulated trials as initializing PPP each hour with three models, each 2hours with LC PPP  



A17D WTZR VEN1 POTS ONSA LEIJ DRES DENT BORJ ALBA

LC 15.91 16.18 7.65 4.16 2.75 8.83 7.55 2.28 6.57 2.67

CODE 16.37 7.05 7.05 6.22 3.07 6.85 7.35 2.20 3.38 2.58

GFZ 12.56 7.05 7.05 6.23 3.05 6.82 6.13 2.22 3.37 2.78

EURO 13.30 7.01 9.56 5.05 3.55 8.56 5.05 1.15 3.10 24.45

Convergence time

in minutes
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•Convergence criteria: dn < 15cm, de < 15cm,

•Percentages: in 10 minutes, how many trials success

•40 sites, only 3 sites convergence time become worse while Ionospheric Maps used in PPP

•CODE_GIM, GFZ_GIM, EURO-IM are at the same level







Challenges for High Precision ION-Mapping

 Large-scale cm-level PPP Rapid Convergence requirements

 10cm—20cm at LOS pair (PPP-RTK, UDP-PPP)

 Limitation of current ION-Mapping

 SLM assumption, mapping function, RCVR DCB seperation

 Unevenly-distribution of ground-based GNSS sites limits GIM precision

 Stochastic characteristic of the Ionosphere, unpredictable precisely



Summary

 GFZ has developed IGS comparable GIM processing procedure

 RT-EURO-ION mapping is running in GFZ, whose accuracy is 

comparable to post-processed GIM 

 ICLS can improve GIM solution due to the shortage of IGS sites’ 

unevenly distribution

 Priori-Ionospheric delay is useful to PPP Convergence, compared 

with LC PPP

 RCVR DCB affect the convergence of dual-frequency zero-

differenced PPP




