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Performance of the Method
3127 artificial errors were randomly inserted in the data of 16/3/2012 at specific epochs and

observations for all observed 32 GPS satellites, 24 GLONASS satellites, and 4 Galileo satellites

throughout the 24 hours. The artificial errors range between 0.5 cycle to 10 cycles for phase

observations, and 0.6 m to 5 m for code observations. Results are shown in the table:

ABSTRACT In this contribution, a flexible technique for quality control and validation of multi-GNSS observations is presented. In this approach, un-differenced data of each

satellite are independently processed at each epoch, where processing is performed in parallel for all observed satellites and sequentially applied. A geometry-free observation

equation model is used and validation is performed using the local Detection-Identification-Adaptation (DIA) method. The presented approach is applicable to data of any GNSS with

any arbitrary number of frequencies, and for real-time or post-mission processing. Software utilising this approach is used during the IGS M-GEX experiment to validate GNSS

observations collected at Curtin’s continuously operating multi-GNSS observing station in Western Australia. Validation is performed for all satellites in view of GPS, Galileo, GLONASS

and COMPASS, and for all observation types (L1, L2, L5, E5a, E5b, E5a+b, E6, B1, B2 and B3). Examples on output results, data analysis and diagnostics for satellite observations

from different systems are presented. Performance of the method is demonstrated.

Diagnostic Tools:

The method offers several diagnostic tools for the GNSS signals and the validation model.

W-test statistic of multi-system multi-frequency GNSS:

The estimated w-test statistic of the observed signals should change in a random manner and 
come from a standard normal distribution N(0, 1). Examples from different GNSS (16/3/2012):
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Normal Probability Plots (w-statistic): Examples for p1 code of the above satellites
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Conclusion Real-time quality control of GNSS measurements is presented using a single-

receiver single-channel local DIA approach. The method is applicable to any GNSS with any

arbitrary number of frequencies. The method parameters provide diagnostics for the observed

GNSS satellite observations and the model used. Results show that method can detect between

74% to 91% of outliers in GNSS data from different systems depending on the quality of

observations and their number, which affects strength of the model.

Single-Satellite Single-Receiver QC of Multi-freq GNSS Obs.

Data validation is a fundamental pre-processing step for detection of the most 
severe irregularities in the GNSS observations. The observation equations read[1]: 
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where φj(t) and pj(t) denote the observed carrier phase and pseudo ranges at time (t) in (m), eφj (t) and epj (t) are
their noise terms. ρ(t) denotes the receiver-satellite range, c is the speed of light, δtr(t) and δts(t) are the receiver
and satellite clock errors, and T(t) is the tropospheric delay. The parameter I(t) denotes the ionospheric delay for
code observations and advance in phase observations expressed in (m) with respect to the first frequency such that
for frequency fj the ionospheric coefficient μj � f21 /f2j. The parameters bφj and bpj are the phase bias and the
instrumental code delay, respectively. The phase bias is the sum of the initial phase, the phase ambiguity and the
instrumental phase delay. A geometry free model is used.

Re-parameterise the unknowns [2, 3]:
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such that the observation equations become
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with -. / , -123 / , -113�/� are the ionosphere and bias changes from the initial epoch �to�.

Detection

• In the observation model: yt � At xt � et ****9 :; �	<=>
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Ct is a matrix with zero column vectors
except 1 at elements of tested observations
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• Errors are suspected when [3] PQR Z	[\(J],∞, 0)

Identification

• when testing individual observations, determine `; �	
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Software
(DIASC - Curtin University)
Validation of un-differenced data of

each satellite is independently performed

in parallel for all observed satellites and

sequentially applied between epochs.

Testing: The single-channel single-receiver method is tested using data

spanning several days. Observations from GPS, GLONASS, Galileo and

COMPASS were collected in a static mode at a continuously operating reference

station at Curtin University, Perth, Western Australia, with 30 seconds sampling

interval. A geodetic-grade multi-frequency multi-GNSS antenna (TRM59800.00)

and receivers (Septentrio POLARX4 and Trimble NetR9) were used. Tracked

signals in the test included L1, L2 and L5 code and phase observations from GPS,

L1 and L2 from GLONASS, E1, E5a, E5b and E5a+b, E6 for Galileo, and B1(E2),

B2(E5b) and B3(E6) for COMPASS. Over each day, 32 GPS satellites, 24

GLONASS satellites, 4 Galileo satellites, and 10 COMPASS satellites were tested.

The shown examples are those of data collected on 16-March-2012.

Results: detection results (example)

Example of TLOM and its

critical value KLOM= Fα(df, ∞, 0).
TLOM has a Fisher distribution
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