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 Numerical integration methods are used to approximate the definite integral of a 
function.  Various methods exist such as the Midpoint, Trapezoidal and Simpson Rules.  
The different methods that exist tend to offer a tradeoff between simplicity and accuracy.  
Simpson’s method is the most accurate of the aforementioned methods and is used in the 
LV2 INS calculations. 
 Simpson’s method is one that assumes that the samples used in the calculation are 
evenly spaced over the desired interval.  More complicated methods exist, that offer 
greater accuracy I might add, that allow for unequally spaced samples over the desired 
interval.  Using A/D converters for sampling continuous signals usually implies evenly 
spaced samples and so most numerical integration methods used in an engineering 
application, such as inertial navigation, will employ a fixed step size as opposed to a 
variable step size. 
 The methods used approximate the values of velocity and position by integrating 
over sets of intervals.  For example, the present time velocity can be approximated using 
the summation of the results of integration. 
 
First Order Integration 
 
 In order to accomplish first order integration, we will use a closed, extended 
version of Simpson’s Rule.  The method is actually given by Press, Teukolsky et. al in 
their book: Numerical Recipes in C and is a hybridization of Simpson’s extended rule and 

the trapezoidal rule.  The method uses six samples and achieves an error of 
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This method is used for calculating the velocity from a set of six acceleration values. 
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Second Order Integration 
 
 The second order integration method is used to calculate position from a set of six 
accelerometer samples.  The difficulty is that there is no way to numerically integrate 
twice using the first order integration method.  So, in order to calculate the position from 
acceleration values, we have to have a numerical, i.e formala format, method of 
calculating the integral of the integral. 
 This method was developed and is in a way based on Simpson’s method because 
it fits a polynomial to the data points, and takes the definite integral of the indefinite 
integral over the interval.  The formula is based on a 5th order polynomial and therefore 



achieves a very high accuracy as long as the function being approximated is not of higher 
order than five.  The method is shown below and it’s proof follows. 
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Proof (Mathematica was used to ease the calculation of the linear system): 
 

 
 

 

 

 

 

 



 

 

 

 

 

 

 
 


