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Abstract. The undesirable accuracy of MEMS sensor limits the range of its application. The 
compensating method for MEMS gyroscope random drift error is discussed. According to actual test 
data of gyroscope, the equation of fitting curve was deduced and compensating effect of different 
kinds of fitting methods were compared. The car experiments were carried out to prove that this 
compensating method can restrain drift random error of gyros and improve navigation accuracy 
effectively. 

Introduction 
With the development of MEMS technology, MEMS inertial device has been widely used in 

military and civilian areas for its small size, low power consumption, high reliability, and easy to 
integrate. MEMS technology belongs to frontier subject, influenced by manufacturing process and 
other factors, the gyroscope we produced always exist shortcomings such as zero drift, sensitivity 
error and temperature drift [1].This gyroscope can only be applied to low precision occasion, which 
restricting the development of MEMS gyroscope seriously. How to compensate the zero drift error of 
MEMS gyroscope has become an urgent problem to be solved in the practical engineering.  

Firstly, this paper reviews current compensating method of MEMS gyroscope error. Through the 
analysis of lots of zero output data of MEMS gyroscope, a zero drift random error compensating 
methods based on polynomial fitting were put forward. After that, comparisons are made between 
gyro accumulated error output before and after the compensating. Finally, car experiments were 
carried out to verify the effectiveness of the proposed compensating method. 

Comparisons between various compensating methods 
The method of zero drift compensation of MEMS gyroscope can be divided into hardware 

compensation and software compensation according to the implementation conditions. Hardware 
compensation usually include optimizing device structure, improving production process, adding 
bridge compensation and so on [2]. Hardware compensation can enhance the accuracy of device but it 
exist shortcomings such as long research period, high cost, poor generality and hard to debug. It 
becomes more convenient and effective to compensate zero drift of MEMS gyroscope by software 
with the wide application of computer technology [3]. 

The basic idea of software compensation is analysis and modeling of zero output of the gyroscope, 
and then make prediction and compensation of zero drift curve. There are many curve fitting method, 
such as BP neural network, interpolation method, best linear fitting, polynomial fitting [4].BP neural 
network has the ability to approach any nonlinear function, but it converges very slowly. The basic 
idea of interpolation is to replacing the interpolation function with a high degree algebraic polynomial, 
however, when the interpolation points increase or decrease one, interpolation polynomial need to be 
reconstructed. The least square method is an optimal estimation technique, which is derived from the 
maximum likelihood method when the random error is normal distribution. It is considered as the 
most reliable method for calculating the regression equation from a set of measurements 
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[5].The method is simple in calculation and conducive to computer programming. This paper discuss 
the application of polynomial fitting method in compensation of zero drift error of MEMS gyroscope 
in detail, and provide a method of thinking and technical reference for the accuracy improvement of 
MEMS gyroscope. 

Analysis and compensation to zero drift random error of MEMS gyroscope 
Data acquisition and preprocessing 

Sample continuous signal of the actual output of MEMS gyroscope, obtain the original data and 
then filter the raw signal, the result is shown in Fig.1.   

Theoretically the zero drift of MEMS gyroscope is random, but we find that the trend of zero drift 
is not without any rules in the process of signal acquisition of the same type gyros. Influenced by 
unknown external and internal factors, zero drift signal often contains a certain trend [6]. The drift 
curves of the same type of gyroscope are similar. By fitting the zero drift curve, the implicit 
relationship is summarized and the regression equation of fitting curve is deduced. The zero drift error 
of MEMS gyroscope is compensated. Similar to the gyroscope's calibration, sample the zero drift 
signal before using the gyros and summarize the characteristics of the gyroscope. In practical, firstly, 
filter the zero drift signal of MEMS gyros, and then use the compensating result to perform a variety 
of inertial measurement operations [7]. 
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Fig.1 gyro zero drift signal 

Selection of compensating method 
（1）Best fitting straight-line method 

We set fitting straight-line：Y A BX= + ， iy is actual output voltage of gyro, i iy Y−  the deviation 
between No.i point and the fitting line. If we set 
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The equations have unique solutions.  
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According to above formula, we write MATLAB program, and calculate the intercept and slope of 
the regression equation. 
（2）Polynomial fitting curve method 

Set fitting line as 
2
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( )nY x represent the regression equation we demand when I reach its minimum. 
Let partial derivative equal to zero 
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The linear equations about 0 1, na a a⋅ ⋅ ⋅ are obtained, solve out ( 0,1, )ka k n= ⋅⋅⋅ , obtain 
corresponding regression equation. 
Compensating effect contrast 

The expression of best fitting line 
64.50094 10 1.65106−= × +U T                                                                                                                      (8) 
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                        Fig. 2 best fitting line                           Fig.3 two-order polynomial fitting curve 

The expression of two-order polynomial fitting curve 
9 2 62.47795 10 4.87511 10 1.65105− −= − × + × +U T T                                                          (9) 

The expression of three-order polynomial fitting curve 
( )10 3 6 2 66.18302 10 9.9246 10 9.8666 10 1.65099− − −= × + − × + × +U T T T                                                  (10) 
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    Fig.4 three-order polynomial fitting curve         Fig.5 four-order polynomial fitting curve 

The expression of four-order polynomial fitting curve 
10 4 8 3 7 2 51.26712 10 ( 1.6567) 10 8.788 10 ( 1.1514) 10 1.6511− − − −= × + − × + × + − × +U T T T T                 (11) 

 
It can be seen from the above results that if we set low order number of polynomial fitting curve, it 

will led to unfavorable effect. In a certain range, increasing the order number of fitting curve can 
improve the fitting effect, but high order numbers also led to complexity in calculation 
[8,9].Comprehensive consideration of the above two factors, we choose 4 three-order polynomial 
fitting method. Take single axis MEMS gyros as an example, the angle error it accumulate during 
300s is larger than 6°when the compensating method is not added into. After the compensation 
algorithm, cumulative angle error is effectively corrected with low fluctuations. The angle error 
before and after the compensation is shown in Fig.6. 

 

 
Fig.6 angle error before and after the compensation 

Experiments and results 
In order to verify the effectiveness of the compensation method in the actual vehicle environment, 

we design following car experiment. Select two sets of the same MEMS inertial navigation system, 
one of them use compensation method and the other do not use compensation method as reference. 
The whole experiment process has high precision GPS signal receiving which provide a reference for 
the accuracy verification. Three axis attitude angle of vehicle test before and after compensation are as 
shown in Fig.7. It can be seen that the attitude of the system is more close to the actual output of GPS 
after the addition of the compensation method. 
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                (a) the analysis of roll                          (b) the analysis of yaw                           (c) the analysis of pitch 
 

Fig.7 Three axis attitude angle of vehicle test before and after the compensation 

Conclusion 
The zero drift compensation method of MEMS gyroscope is discussed, and the optimal linear and 

polynomial fitting method based on least square method is presented. The results of polynomial curve 
fitting of different orders are compared, and the optimal compensation method is applied to the 
attitude algorithm of inertial navigation system. Through vehicle test, the validity of the method is 
proved, which provides a new method for reducing random error of the zero drift of MEMS 
gyroscope. 
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