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Estimability of Parameter Subsets

Function                is said to be estimable if it can be 
unbiasedly estimated by a function of the observations

Definition

Necessary and sufficient conditions
*Must be -free

Must be a function of the 
observations’ expectation

[Rao 1973] 
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Integer Estimability

Definition

Necessary and sufficient conditions

Must be -free

Must be a function of the 
observations’ expectation

Existing theory of estimability has to be extended for mixed integer models!

Function                         is said to be integer-estimable if:
1) it is estimable and 2)     guarantees the existence of an integer      for 

every integer 

*Can be derived from any 
original integers

The admissible ambiguity transformations whose entries and those of their inverse are integer-valued  [Teunissen 1995]
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Integer estimability of the DD ambiguities

What about the standard DD ambiguities? 
Are they integer-estimable?

Network ambiguity graph 
Spanning tree

(Choosing pivot ambiguities) Integer-estimable ambiguity

Incidence-matrix of 
the spanning tree

Yes, graph theory can be used to form DD 
ambiguities and to show that they are indeed 

integer-estimable.
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Multi-frequency integer-combinations
Recently, integer-combined carrier-phase observations are 
proposed to reduce the impact of the ionosphere and/or to 

minimize the variance of the resultant combinations.

E1 E5b E6

Example: Galileo triple-frequency
Estimable and integer   

(but not integer estimable) Integer Estimable

20,000 DD ambiguity 
samples collected by a zero-
baseline, of which 49.9% are 

odd numbers, thereby not 
admissible!

[ Feng, 2008; Cocard et al. 2008; Shu et al. 2017]
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Without ambiguity fixing

CORRECT ambiguity fixing

WRONG ambiguity fixing

Low-cost receiver

Unaided GLONASS direction-finding

GLONASS FDMA integer estimable ambiguities
The FDMA GLONASS 

wavelengths are different for 
different channel numbers

[Teunissen 2019; Teunissen and Khodabandeh 2019]
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GLONASS FDMA integer estimable ambiguities

Without ambiguity fixing

CORRECT ambiguity fixing

WRONG ambiguity fixing

The FDMA GLONASS 
wavelengths are different for 
different channel numbers

[Teunissen 2019; Teunissen and Khodabandeh 2019]

Low-cost receiver

GLONASS + GPS single-frequency RTK
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Concluding remarks

Non-GNSS mixed-integer models

Integer Estimability provides tools for

Network-derived ambiguities GLONASS Ambiguity Resolution

The standard concept of estimability is too limited when dealing with 
rank-defect mixed integer models

that would result in pitfalls in which float ambiguity solutions are integer-mean, 
but do not necessarily correspond to the original ambiguities
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