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Outline

- Background (responsibility, sector requirements)

- Current status (what do we do now) 

- New approaches (what we would like to do)

- Results (show that it works)

- Conclusions
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Background – the bigger picture

• Netherlands partnership for geodetic infrastructure (NSGI) is 
responsible for quality assurance (consistent reference frame) 
of GNSS services
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Background – the bigger picture

• Netherlands partnership for geodetic infrastructure (NSGI) is 
responsible for quality assurance (consistent reference frame) 
of GNSS services

• How can NSGI assure quality of GNSS services in the future?
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Original situation (2000-2005)

1. Station coordinates computed using

BSW/EUREF guidelines for

densifications

2. User receives reference station 

observations and computed

coordinates

Coordinate computation

Provider process

User process
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Current situation

1. Station coordinates computed using

BSW/EUREF guidelines for densifications

2. Reference station observations and

computed coordinates are input for

provider GNSS software

Coordinate computation

Provider process

User process
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Augmentation data 

(VRS, SSR, MAC, FKP, ...)

Current situation

1. Station coordinates computed using

BSW/EUREF guidelines for densifications

2. Reference station observations and

computed coordinates are input for

provider GNSS software

3. User receives augmenation data

4. Need for validation of end user product

(augmentation data)
Coordinate computation

Provider process

User process
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Need for validation of end user product

• Two new methods proposed
• Grid check
• Systematic quality check

• Compared to other methods these two methods are:
• able to validate the end product not the input data
• not labour intensive as they do not require field work

• In addition the systematic quality check can be used to validate
several types of GNSS services (PPP, RTK, SPP, DGPS, …)
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Augmentation data 

(VRS)

Grid check

1. Request VRS data for grid of 

locations

2. Compute coordinates for VRSs

using BSW/EUREF guidelines

for densifications

3. Compare computed coordinates

with coordinates of requested

locations Coordinate computation

Provider process

Grid check
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Grid check

Commercial provider post-processing    NETPOS real-time

Horizontal

differences

Vertical

differences

RMS [mm]

North East Up

Certified provider 1,2 1,9 6,2

NETPOS real-time 1,8 2,1 3,4
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Grid check (real-time data)

Position errors

 Virtual stations

Reference stations →

Introducing errors in 

reference station 

positions

Position errors

 Virtual stations

Reference stations →

RMS [mm]

North East Up

Grid check (top left) 1,8 2,1 3,4

Station control (top right) 1,6 1,7 3,4

Grid check with erros (bottom left) 2,4 5,4 8,2

Station control with errors (bottom right) 2,2 5,5 7,5
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Augmentation data 

(VRS)

Augmentation data 

(VRS, SSR, MAC, FKP, ...)

Systematic QC 1. Validate benchmark network with grid

check

2. Request VRS data for grid of 

locations of benchmark and provider 

network

3. Positioning of benchmark VRS using

provider augmentation data

4. Compare computed coordinates with

coordinates of requested locations

Coordinate computation

Provider process

Systematic QC
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Systematic quality check (w.r.t. AGRS2010)

NRCAN CSRS-PPP            Trimble Centerpoint RTX

Horizontal

differences

Vertical

differences

RMS [mm]

North East Up

Trimble RTX post-processing 3,3 5,2 18,0

NRCAN CSRS-PPP 3,6 6,1 17,5



17/18

Systematic quality check (real-time data)

Certified provider Other provider

Infinitive loop

• Each ten minutes

• Random point selection

• Get virtual rover station (NETPOS)

• Get virtual reference station (Provider)

• Compute RTK position (kinematic, ~9 minutes)

• Compute RTK session statistics 

(mean, median, std, rms errors; TTFF; fix epoch)

• Store result in database

Horizontal

differences

Vertical

differences

RMS [mm]

North East Up

Certified provider 5,9 6,1 16,6

Other provider 7,8 6,8 24,0
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Conclusions

• Two new methods introduced for reference frame validation of GNSS 
augmentation services

• Grid check
• Systematic quality control

• Errors in the reference frame can be detected, but need to define metrics 
and criteria

• Grid check is easy to implement for NSGI, but not for GNSS service 
providers.

• Systematic quality check is future-proof. The method is easy to implement 
for GNSS service providers, but not for NSGI.
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Augmentation data 

(VRS)

Augmentation data 

(VRS, SSR, MAC, FKP, ...) Coordinate computation

Provider process

Grid check

Systematic QC


