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Inertial Navigation Aiding 

Generic inputs available for GPS, USBL, LBL, DVL, etc. 
Various protocols for each input type. 
Each generic input has a default error model. 
Error model based on SD 
SD set by default or read from input data. 
Designed to accept data from most systems in most circumstances. 

 
Standard deviation used in two different ways:- 

 Pre Filter 
 Weighting 
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Input Protocols with Standard Deviation fields 
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Input Protocols with Standard Deviation fields 

APOS PSMSSB 
EIVA 
GAPS STANDARD 
GPS 
HALIBURTON SAS 
USBL LBL CTD (Bluefin)  
 IXSEA USBL INS 1 
POSIDONIA 6000 
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Pre Filter 

 IF 
 

Then the aiding data is rejected. Where:- 
 INS = Position calculated by INS 
 OBS = Position observed from external sensor 
 σOBS = Standard deviation on position from external (or default, for USBL =10m) 
 σINS = Standard deviation on INS position (internally calculated) 
 λ = 3 (default value) 
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Pre Filter – In Simple Terms. 

σOBS 

σINS 

Z 

 If the SD circles overlap the data is 
accepted. 

 If no aiding data is available σINS will 
grow, eventually circles will overlap. 
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Rejection filter in practice 
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Weighting 

The larger the standard deviation the less effect the applied data will have on 
the final position. 
 

 
USBL SD = 1m USBL SD = 3m USBL SD = 10m 

Noise Reduction 

Setting USBL PHINS + DVL + 

USBL 

Ratio 

SD=1m 3.71m 1.58m 2.34 

SD=3m 3.71m 1.00m 3.71 

SD=10m 3.71m 0.69m 5.31 
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Weighting 2 

Red = USBL 
Black SD=1m 
Green SD=10m 
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The Problem 

Large Position spikes 
 Large SD will allow large position spikes to be accepted 
 Small SD will cause these spikes to be rejected. 
 BUT a Small SD will cause small noise to have more effect. 
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Large Spikes 
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Small Spikes 
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Conclusions 

Reducing the USBL SD causes more low level noise to break through from 
the USBL data to the INS position but prevents INS taking USBL spikes as 
good data. 
 

 Increasing the USBL SD can greatly improve smoothing of the navigation but 
USBL spikes could be more easily accepted and hence influence the 
absolute INS position accuracy. 

  
USBL standard deviation should be tuned to the actual data received, 

avoiding settings that are unrealistically high or low. As a rule of the thumb 
USBL SD can be increased by a factor 3 to 10 with respect to the observed 
USBL noise SD. 
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Going Further 

Delph INS now includes USBL Pre-Filter. 
 Distance between INS position and USBL is compared if > threshold USBL is 

rejected. 
 

This allows the use of a high SD without the danger of accepting large USBL 
spikes. 
 

Not included in real time due to the danger of excluding USBL data after an 
outage. 
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Large Spikes 
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Small Spikes 
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