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Robotic Outdoor Navigation 





GPS Coordinate Formats

Here are examples of formats of GPS latitude & longitude:

• Degrees, minutes, and seconds (DMS): 41°24'12.2"N 2°10'26.5"E.

• Degrees and decimal minutes (DMM): 41 24.2028, 2 10.4418.

• Decimal degrees (DD): 41.40338, 2.17403.



GPS Coordinate System



GPS Precision



Real-time Kinematic
Real-time kinematic (RTK) positioning is a satellite navigation technique used to enhance the 
precision of position data derived from satellite-based positioning systems (global navigation 
satellite systems, GNSS) such as GPS, GLONASS, Galileo, and BeiDou. It uses measurements 
of the phase of the signal's carrier wave in addition to the information content of the signal and 
relies on a single reference station or interpolated virtual station to provide real-time corrections, 
providing up to centimeter-level accuracy.















MapNav Unity Plugin



































Demo Time!



Solving Problems
• Pi to PC bidirectional communication


• Wi-fi connectivity outside and changing SSIDs


• Wi-fi indirect manual steering lag


• GPS coordinate collection timing


• Telemetry Recording


• Heading accuracy 


• Debugging and iterating 







4:1 silver gearboxes added to slow down the 
robot:  GPS RTK required a slower robot














