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Global Navigation Satellite System (GNSS) receivers provide position coordinates and the 

velocity vector with data rates of 1 – 10 Hz. However, they require data from at least 4 GNSS 

satellites, which often is not the case e.g. within urban canyons of the big cities. 

Navigation systems on the basis of accelerometers and gyroscopes, so called Inertial 

Navigation Systems (INS), provide position, velocity as well as attitude with data rates of 

typically 1 kHz. Thus they are the primary sensors for the Guidance, Navigation and Control 

(GN&C) system of aircrafts, rockets and satellites. They work without any external aiding 

information. However due to the inherent bias errors of the inertial sensors an INS has an 

unbounded position error growth over time. 

The fusion of both systems by means of a Kalman estimator uses the advantages of these 

complementary sensors, resulting in a smooth data stream of position, velocity and attitude 

with high data rate, now with bounded errors. Additionally such an Integrated Navigation 

System is able to calibrate the inertial sensor bias errors in flight. A tight coupling of the 

pseudoranges and deltaranges of the GNSS receiver with the INS data provides reliable 

position coordinates even if less than 4 GNSS satellites are visible. In a further step by a deep 

GNSS/INS integration, which couples the tracking loops of the GNSS receiver with the INS 

data, it is possible to track even those satellites, which are not visible for some period of 

time, which allows instantaneous recovery of lost satellite signals.  

In this talk the principles of integrated GNSS/INS systems are presented and recent examples 

of their applications are given. 
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