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- Understanding its Powerfunction Characteristics -
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Convolution – PDF of ambiguity-residual – periodic continuation – Fourier transforms



PDF of ambiguity-residual (scalar case)
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damped cosine-series
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Power function in Spectral Form

Amplitude
(z-mode size)

Frequency
(z-mode oscillation-rate)

Convolution – PDF of ambiguity-residual – periodic continuation – Fourier transforms



Single-frequency L1, single-epoch GPS short-baseline model; 
success-rate under H0: 98.7%





Iono-bias:
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Iono-bias:

Ambiguity-bias:

Z-ambiguity-bias:

Centre-frequencies Small groups
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Centre-frequencies 0,   0.85.  1.70,  2.55,  3.40, … cycles/TECU
with smaller ‘peaks’ 
as the ambiguity-precision gets poorer and damping increases



Pseudorange-bias:

Ambiguity-bias:

Z-ambiguity-bias:



Pseudorange-bias:

Ambiguity-bias:

Z-ambiguity-bias:



Conclusions

• AR-detector significantly larger power than AF-detector

• Power improvements are even realized for ambiguity-fixing weak-models

• Power improvements spectacular for ionosphere and troposphere delay detection

• Damped oscillatory character of power function explained by its spectral form: 
damped cosine-serries

• Ambiguity-bias in z-domain => frequencies
• Ambiguity-precision in z-domain => amplitudes

• Power function in spectral form can be used for targeted designing purposes
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Figure 6 – fluctuation frequency of ionosphere 
𝑧𝑧𝑇𝑇𝑍𝑍𝑇𝑇𝐴𝐴

+
𝐶𝐶 for the top 30 non-zero integers that give 

minimum values of 𝑧𝑧𝑇𝑇𝑄𝑄𝑧𝑧𝑧𝑧𝑧𝑧 (Below shows half of them)

In this example, the frequency resolution is ~0.305 (1/TECU)

0.8509    1.7397    4.2369    2.5376    5.0878    1.7018    1.6955    
2.5906    3.3885    0.0038    2.5465    2.5413    5.1190    0.8887    
0.8325

0.8551    0.5719    0.5668    0.5580    0.5358    0.5346    0.5240    
0.5095    0.5033    0.5004    0.4911    0.4835    0.4805    0.4694    
0.4625

With 50 vertical lines (from the top 
100 non-zero integer vectors)

High peaks overlap with the 
expected frequencies
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1) The vector to compute the frequencies can be written as 
𝑍𝑍𝑇𝑇𝐴𝐴

+
𝐶𝐶 = [−0.8325 0.0076 −5.1190 4.2369 −0.0038 −2.5376 −1.7397 −0.8509]𝑇𝑇

= [−1, 0, −6, 5, 0, −3,−2,−1]𝑇𝑇∗ 0.8533 + 𝑟𝑟𝑟𝑟𝑟𝑟

with  𝑟𝑟𝑟𝑟𝑟𝑟 = [0.0208, 0.0076, 0.0008, −0.0296,−0.0038, 0.0223, −0.0031, 0.0024]𝑇𝑇

Therefore, 𝑍𝑍𝑇𝑇𝐴𝐴
+
𝐶𝐶 is very close to an integer vector times 0.8533

2) As a result, for any integer vector 𝑧𝑧, 𝑧𝑧𝑇𝑇𝑍𝑍𝑇𝑇𝐴𝐴
+
𝐶𝐶 will be close to an integer times of 0.8533. This explains why the 

frequencies are around integer times of 0.8533

3) Due to the 𝑟𝑟𝑟𝑟𝑟𝑟 vector, the frequencies within each group are not exactly the same.

4) Where does 0.8533 comes from? 1𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇~0.1624 𝑚𝑚

0.1624 𝑚𝑚/𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
0.1903 𝑚𝑚 = 0.8533 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐/𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

Explain fluctuation in power function



Power-function of test: > \kappa

t and echeck independent

Testable and ambiguity-influential bias
periodic
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Ambiguity-biasAmbiguity-variance











For proof, see PDF *









Include here the nice 
2D-periodic figures of its contourlines



Power function:





T_{D}







Chengyu-figures
- Power pseudorange (AK-AR-AF); Skyplot; Power cycle-slip (AK-AR-AF)
- Power iono (AK-AR-AF); Skyplot; Power tropo (AK-AR-AF)
- PeriodicFunction as function of bias ||ahat-acheck||_{Q}^{2} 
- Periodic function of echeck PDF (for different sigma)
- z^{T}Qz and z^{T}Abar^{=}C for iono and pseudorange
- Chengyu this is my Power-formula:
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Some examples of performance of detector for model-misspecifications

- Showing the improved effect of AR-detection vs AF-detection
- Show oscillations of ionopower and tropo-power

- Oscillations can be explained in spatial domain with train of gaussian pulses
- But we would like to predict it and design for it => Fourier-approach
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