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Abstract- This paper describes the navigation of a two-wheel 
drive mobile robot along a predefined path under uneven road 
conditions where it cannot solely rely on encoders, GPS or an 
accelerometer individually. There are conditions when low 
friction or slippery ground surfaces such as sandy paths and 
pits cause one or both encoders to halt or rotate less as the robot 
moving forward. Areas covered with clouds, trees or structures 
can block GPS signals. Sudden pickups and halts give false 
information from accelerometers. Therefore Kalman filter 
based sensor fusion algorithm is implemented in order to get 
the best position estimation for the mobile robot using above 
sensor outputs. The Special feature of this algorithm is that it 
includes a simple method to overcome the effects of encoder 
errors due to the slipping of wheels of the mobile robot, which 
does     not     require     complex     computations     to     additional 
measurement units to directly measure the slipping of the 
wheels of the robot. Finally the validity of the proposed 
algorithm is demonstrated via simulation. 
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I. INTRODUCTION 

The task of the mobile robot is to move from a given point to 

a destination along a given course. The localization and 

positioning in a reference frame is necessary to navigate the 

mobile robot in the given environment. Three sensors, 

Encoder, GPS and Accelerometer are used to localize and 

decide the next move to reach the waypoints. 

But each sensor mentioned above has unique weaknesses of 

its own. They may be inherent errors of the sensors or errors 

caused by external factors. 

Encoders are the most accurate sensor used in the 

research. Using Encoder outputs, kinematics model and dead 

reckoning current position and attitude angle of the mobile 

robot can be estimated. (For dead reckoning, successive 

velocity, angular displacement feedback and the previously 

calculated position and attitude angle are also needed).This 

method is popular because of its simplicity. But problems 

arise when the encoder outputs are erroneous due to some 

environmental factors such as slippery ground surfaces and 

uneven road conditions. When the robot is moving long 

distances errors are also accumulated and creates a 

considerable error. These reasons make encoder outputs 

faulty. So to get precise estimation errors of the encoders 

should be re-corrected. 

 

GPS and accelerometer also have higher errors. Due to 

cloudy skies, large trees and structures GPS signal can be 

blocked and geometry of satellites also causes its error vary 

over time. But it is useful in navigating the robot for long 

distances. Accelerometer measures the acceleration of the 

robot and by double integration position of the robot can be 

estimated. But then error is also integrated twice. 
 
Due to this reasons each sensor cannot be used individually. 

Therefore the sensory information are fused using a Kalman 

filter based sensor fusion algorithm to locate the mobile 

robot. 
 
Slipping of the wheels of the mobile robot and uneven road 

conditions has great impact to the precision of position 

estimation. Therefore Many Research have been done on 

mobile robot navigation with slip estimation, mobile robot 

navigation using sensor fusion and even on mobile robot 

navigation and slip estimation using sensor fusion [1]. This 

involves complicated calculations related to slip rates. Wheel 

soil interaction models and Terramechanics models are more 

relevant in rover navigation under special soil conditions 

such as extra-planetary explorations. But For small scale 

mobile robot navigation purposes (like this study), those 

calculations and soil condition investigations may not be 

useful. Another research proposes estimating the wheel slip 

to provide the accurate information to the controller [3]. 

Here, wheel slip and tire radius errors are lumped together as 

an effective radius and estimated. However due to the radius 

estimation changes with the speed; it causes some 

degradation of the solution especially when the speed is low 

as in our case. There are different methods proposed to 

estimate the slip for controlling its effect on navigation of the 

mobile robot [2], which does involve different models, tests 

and bothersome calculations [4] which is not beneficial for 

systems like ours. 
 
In this paper, it is not the objective to calculate the slip or 

controlling the slip. Instead multiple Kalman filter [7] 

algorithm is used such that weight on Encoder measurements 

is switched from higher to lower level automatically when 

slipping is detected. This method avoids unnecessary 

calculations and models while providing a precise 

positioning of the mobile robot. 
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