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INTRODUCTION TO INERTIAL

NAVIGATION

� Dead Reckoning

� Accelerometers

� Gyroscopes� Gyroscopes

� Magnetometers

� Traditional IMUs (RLG or FOG) : Robust but 
Expensive

� MEMS-based IMU: Very cheap in comparison but 
susceptable to measurement error



SOURCES OF ERROR

� IMU Drift

� IMU Misalignment

� Random Walk



IMU DRIFT



WHY GPS + IMU?

� IMU provides attitude information in addition to 

position and velocity updates

� GPS provides “truth system” to correct drift� GPS provides “truth system” to correct drift

� IMU can provide position information during GPS 

outage

� Unified system improves system robustness



STRAPDOWN NAVIGATION

� Navigation system is rigidly attached to the body 

and experiences all of the same forces (unlike 

stationary-platform)

� Determines vehicle attitude from accelerometer 

and gyroscope data

� Compensates for gravity and Coriolis forces

� Handles various frame mechanizations (LLC, 

ECEF, NED, etc)



STRAPDOWN NAVIGATION



TYPES OF SYSTEMS

� Loosely Coupled

� Calculated corrections on processed data

� Easier To Implement� Easier To Implement

� Less accurate

� Tightly Coupled

� Corrections on raw IMU data

� Robust to measurement errors, more accurate

� Computationally Complex



S.I.N.A.P.S. OVERALL

SYSTEM (TIGHTLY COUPLED)



KALMAN FILTER

� Kalman Filter is Optimal State Observer

� Can be used for post processing or real-time processing

� 16 error states� 16 error states

� Position (3)

� Velocity (3)

� Acceleration bias (3)

� Quaternion (4)

� Angular rate bias (3)



SYSTEM REQUIREMENTS

� Inertial Sensor : VN-100

� GPS : Ublox GS407 (tentative)

� System programmed entirely in MATLAB, 

interfaced with USB

� Need to build a physical platform



SPECIFICATIONS

� The overall position accuracy and robustness of 

the system will be determined by the initial 

components selected.

� The GS407 is capable of <2m accuracy

� The unfiltered IMU exhibits drift less than 50m 

within a GPS outage of 5 seconds .



CURRENT WORK

� Purchased IMU (VN-100)

� Interfaced VN-100 to MATLAB

� Strapdown Solution

� Kalman Filter



VN-100 IN ACTION



FUTURE WORK

� Unfiltered Data From VN-100

� Purchase and Interface GPS with MATLAB

� Implement Strapdown

� Make Platform

� Model error Sources in State Space

� Test Tightly Coupled System with Extended and 

Unscented Kalman Filter



PROJECT SCHEDULE



REFERENCES



ANY QUESTIONS?

??


