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ABSTRACT 

The coordinates of a location obtained from a Global Positioning System (GPS) receiver 
depend on the type of environments. This paper discusses the errors in GPS coordinate 
conversion from the World Geodetic System 84 (WGS84) to the Universal Transverse 
Mercator (UTM) system, in different environments and their reduction using Kalman filter. 
30 samples of positional coordinates, each for three different cases i.e open area, amidst tall 
buildings and area having heavy vehicular traffic, have been collected, with the time interval 
between two successive samples being 1 to 2 minutes. The samples were collected using a 
Garmin eTrex GPS receiver, which gives the coordinates of a location in both the WGS84 
and UTM formats. The collected samples clearly indicated a greater variation in the 
coordinates for the location surrounded by tall buildings and the location which had a heavy 
flow of vehicular traffic as compared to the open area without any obstacles. The variation in 
coordinates can be attributed to multi path errors that occur due to the presence of tall 
buildings and moving vehicles. After applying a Kalman filter to the UTM values, a 
considerable improvement in their consistency has been observed. 
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1. Introduction  

The coordinates received from the Global Positioning System (GPS) are prone to various 
errors like ionospheric delays, satellite and receiver clock errors, multipath errors, satellite 
geometry, signal propagation errors, receiver errors, etc. (Kleusberg, A., and R.B. Langley 
1990). The current standard reference coordinate system used by the GPS is the WGS84 
system in which any point on the earth is identified by its latitude and longitude. WGS84 is a 
3-dimentional angular coordinate system, but when a point has to be mapped i.e. 2-
dimensional projection on a paper, then the preferred coordinate system is the UTM. Hence, 
the necessity to convert the WGS84 coordinates to their corresponding UTM values. The 
coordinate conversion causes some error to be produced in the resulting UTM values. 

The conversion of the coordinates from WGS84 to UTM has been done using a set of 
equations proposed by Steven Dutch (2004), which are the slightly modified version of the 
Army (1973) conversion equations. This paper discusses the reduction of the above said 
coordinate conversion error using a Kalman filter. MATLAB software has been used for the 
coordinate conversion and the design of the filter. The estimation of the error and its 
reduction using a Kalman filter has been done for three different scenarios. After applying 
Kalman filter to the UTM values, there was a visible improvement in the consistency of the 
coordinates in all the three cases. 
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2. GPS datum conversion and errors  

WGS84 is a 3 dimensional geocentric coordinate system, which is presently the standard 
coordinate system used by GPS. WGS84 gives the location of a point in latitude and 
longitude. But when a given point on the surface of the earth has to mapped on a paper, 
which is very important for cartographic and navigation applications, there is an error 
introduced due to the angular nature of the WGS84 system. This error increases towards the 
poles as the distance covered by a degree of longitude changes, whereas the UTM system 
provides a constant distance relationship anywhere on the map. The coordinate samples were 
collected using a Garmin eTrex receiver, which gives positional coordinates in both WGS84 
and UTM systems. The first set of 30 samples was collected from the open play ground of 
G.Narayanamma Institute of Technology and Science (GNITS) in Hyderabad. The coordinate 
values remained fairly consistent with a few highs and lows with respect to the mean. The 
plots for the received eastings and northings versus number of samples in this case are shown 
in figures 1 and 2 respectively. 

 
 

Figure 1: Received Eastings vs number of samples for GNITS, Hyderabad 
 

 
 

Figure 2:  Received Northings vs number of samples for GNITS, Hyderabad 
 

The second set of 30 samples was collected from a lane in Maula Ali in Hyderabad, bordered 
by tall buildings on both sides. The samples indicated a fairly high amount of inconsistency. 
The plots for the eastings and northings received versus the number of samples for this case is 
shown in figures 3 and 4 respectively. 
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Figure 3: Received Eastings vs number of samples for Maula Ali, Hyderabad 
 

                  
 

Figure 4: Received Northings vs number of samples for Maula Ali, Hyderabad 
 

The third set of 30 samples was collected from the side walk of Paradise traffic signal in 
Secunderabad during a heavy vehicular traffic hour. These values also were very inconsistent. 
The plots for the received Eastings and Northings versus the number of samples are shown in 
figures 5 and 6 respectively. 
 

 
 

Figure 5: Received Eastings vs number of samples for Paradise Circle, Secunderabad 
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Figure 6: Received Northings vs number of samples for Paradise Circle, Secunderabad 
 

The figures 1 and 2 indicate quite consistent coordinate values as they were collected from an 
obstacle free area whereas the figures 3, 4, 5 and 6 indicate relatively high variations. The 
received samples of WGS84 have been converted to their UTM equivalents using a set of 
standard conversion formulae proposed by Steven Dutch (2004). The UTM Easting and 
Northing values obtained by these equations for the first set of samples are plotted in figures 
7 and 8 respectively. 

 

 
 

Figure 7: Eastings vs number of samples for GNITS - before Kalman filter, Hyderabad 
 

 
 

Figure 8: Northings vs number of samples for GNITS - before Kalman filter, Hyderabad 
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The Easting and Northing values obtained from the conversion equations for the second set of 
samples are plotted in figures 9 and 10 respectively and those for the third set are plotted in 
figures 11 and 12 respectively. 

 

 
 

Figure 9: Eastings vs number of samples for Maula Ali - before Kalman filter, Hyderabad 
 

 
 

Figure 10: Northings vs number of samples for Maula Ali - before Kalman filter, Hyderabad 
 

 
 

Figure 11: Eastings vs number of samples for Paradise Circle - before Kalman filter, 
Secunderabad 
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Figure 12: Northings vs number of samples for Paradise Circle - before Kalman filter, 
Secunderabad 

 
The error in the Easting and Northing values between the received UTM and the UTM 
obtained from conversion equations is plotted in figures 13 and 14 respectively for the first 
set of samples. The error plots for the second and third set of samples for Eastings and 
Northings are plotted in figures 15, 16 ,17 and 18 respectively. 

 

 
 

Figure 13: Error in Eastings vs number of samples for GNITS, Hyderabad 
 

 
 

Figure 14: Error in Northings vs number of samples for GNITS, Hyderabad 
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Figure 15: Error in Eastings vs number of samples for Maula Ali, Hyderabad 
 

 
 

Figure 16: Error in Northings vs number of samples for Maula Ali, Hyderabad 
 

  
 

Figure 17: Error in Eastings vs number of samples for Paradise Circle, Secunderabad 



Error reduction in GPS datum conversion using Kalman filter in diverse scenarios 
Swapna Raghunath, Malleswari B.L, Karnam Sridhar 

 

International Journal of Geomatics and Geosciences 
Volume 3 Issue 3, 2013 

599

 

  
 

Figure 18: Error in Northings vs number of samples for Paradise Circle, Secunderabad 
 
The errors in Easting values were found to be lying approximately between 130 and 140 
meters and the errors in northing values lay between 312 and 328 meters. This paper focuses 
on reducing the conversion error using a Kaman filter. 

3. Kalman Filter 

Estimating the state of a process with access to only noisy and inaccurate measurements from 
the process is the case in almost every discipline within science and engineering (Maria 
Isabel Ribeiro, 2004) . Kalman filter is a very versatile and a widely popular optimal 
recursive data processing instrument used for estimating the states of virtually any process 
corrupted by noise by minimizing the mean square error (Maybeck, 1982),. Kalman filter is a 
linear recursive filtering technique that estimates the user position from the initial state of the 
system, statistics of system noise and sensor noise measurements (Malleswari B.L et al, 
2009). The Kalman filter estimates a process state at some time and also obtains noisy 
measurement of the state as feedback . Therefore it can also be used for predicting the likely 
future courses of dynamic systems that are not under human control (Mohinder S. Grewal, 
Angus P. Andrews, 2008). The Kalman filter algorithm can be divided into time update and 
measurement update equations as given by Greg Welch and Gary Bishop (2006). The time 
update equations (predictor equations) obtain the a priori estimates for the next state by 
evaluating ahead in time, the estimates of the present state and error covariance as shown in 
equations 1 and 2 The measurement update equations (corrector equations), on the other hand, 
provide the necessary feedback to improve the a priori estimate by obtaining the a posteriori 
estimate as shown in equations 3, 4 and 5. 

    + ------------------------------------- (1) 
 
The a priori estimate xk¯  is evaluated from the time update equation (1) where A is a matrix 
of order n x n relating the state of the process at the previous time step (k-1) to its state at the 
present time step (k), B is an n x l matrix which relates the optimal control input, u to the 
state x. The state estimate would propagate in time just like the state vector in the system 
model (Simon D, 2001). 
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----------------------------------------- (2) 

 
The time update equation (2) calculates the error covariance of the a priori estimate, Pk¯ , 
which in turn is a function of the a posteriori estimate error covariance, Pk. Q is the process 
noise covariance.   
 

---------------------------- (3) 
 

The gain factor that minimizes the a posteriori error covariance is given by the n x m matrix, 
K is evaluated using the measurement update equation (3) where R is the measurement noise 
covariance and H is an m x n matrix that relates the state to the measurement zk. 
 

 --------------------------------- (4) 
-------------------------------------------- (5) 

 
The plot of Eastings and Northings for the first set of samples before and after applying 
Kalman filter to the UTM values from equations is shown in figure 19 and for second and 
third set of samples in figures 20 and 21 respectively. From figures 19, 20 and 21, it is very 
evident that the variations in the Easting and Northing values have been considerably reduced, 
making the coordinates more consistent with time. 
 

 
 

Figure 19: UTM from equations before and after Kalman filter for GNITS, Hyd 
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Figure 20: UTM from equations before and after Kalman filter for Maula Ali, Hyd 
 

 
Figure 21: UTM from equations before and after Kalman filter for Paradise Circle, 

Secunderabad 
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4. Results and discussion 
 
The Eastings and Northings error between the UTM values obtained from the receiver and 
those obtained after applying Klaman filter to the UTM from equations for the first set of 
samples are plotted in figure 22 and 23 respectively. 

 

 
Figure 22: Error in Eastings after applying Kalman filter vs number of samples for GNITS, 

Hyderabad 
 

 
 

Figure 23: Error in Northings after applying Kalman filter vs number of samples for GNITS, 
Hyderabad 

 

  
 

Figure 24: Error in Eastings after applying Kalman filter vs number of samples for Maula 
Ali, Hyderabad 
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Figure 25: Error in Eastings after applying Kalman filter vs number of samples for Maula 

Ali, Hyderabad 
 

 
Figure 26: Error in Eastings after applying Kalman filter vs number of samples for Paradise 

Circle, Secunderabad 
 

 
Figure 27: Error in Eastings after applying Kalman filter vs number of samples for Paradise 

Circle, Secunderabad 

5. Conclusion  

The positional data received from the GPS receiver in the global WGS84 system has some 
inherent latitude dependent error due to the angular nature of the coordinate system. Hence 
there is a need to map the WGS84 coordinates on to the 2-D UTM system. In this paper the 
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coordinate transformation has been done with the help of a set of coordinate conversion 
equations considering the UTM datum from receiver as the reference. There is a substantial 
difference between the coordinates obtained by the two means and in this paper an attempt 
has been done to reduce this error using a Kalman filter. The estimates obtained from Kalman 
filter clearly showed that, besides reduction in the conversion error, the coordinates show a 
marked improvement in consistency. 
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