CHAPTER 6 DATA ANALYSIS

Column Oriented Analysis

Example of a sample of generated data in column format

Method of data generation:

» t=linspace(0,1.0,11);  
…time vector in seconds…

» v_ms=0.5*9.81*t.^2;

…velocity vector in m/sec…

» d_m=v_ms.*t;


…distance of fall in meters…

» TVD=[t;v_ms;d_m;sin(2*pi*t)]'

TVD =

         0         0         0         0

    0.1000    0.0491    0.0049    0.5878

    0.2000    0.1962    0.0392    0.9511

    0.3000    0.4414    0.1324    0.9511

    0.4000    0.7848    0.3139    0.5878

    0.5000    1.2262    0.6131    0.0000

    0.6000    1.7658    1.0595   -0.5878

    0.7000    2.4034    1.6824   -0.9511

    0.8000    3.1392    2.5114   -0.9511

    0.9000    3.9731    3.5757   -0.5878

    1.0000    4.9050    4.9050    0.0000

Once the data is in the form of a matrix, many functions can be performed such as: max, min, mean, median, sort, sum, prod.  When used on matrix arguments these functions operate in a column-wise fashion returning a row vector containing the resultant value for each column.

[m,i]=max(TVD)

m =

    1.0000    4.9050    4.9050    0.9511

i =

    11    11    11     4

Generation of data matrix:

» D=[0,2,5,1;9,1,3,2;5,4,7,8;4,8,2,5]

D =

     0     2     5     1

     9     1     3     2

     5     4     7     8

     4     8     2     5

_______________________________________________________

» m=max(D)
…maximum…

m =

     9     8     7     8

» mn=min(D)
…minimum…

mn =

     0     1     2     1

» mv=mean(D)

mv =

    4.5000    3.7500    4.2500    4.0000

» md=median(D)

md =

    4.5000    3.0000    4.0000    3.5000



…Data Matrix…

D =
0     2     5     1

     9     1     3     2

     5     4     7     8

     4     8     2     5

» sort(D)
…Sort in ascending order.

ans =

     0     1     2     1

     4     2     3     2

     5     4     5     5

     9     8     7     8

» sm=sum(D)

…Sum of elements.

sm =

    18    15    17    16

» cumsum(D)

…Cumulative sum of elements.

ans =

     0     2     5     1

     9     3     8     3

    14     7    15    11

    18    15    17    16

» prd=prod(D)
…Product of elements.

prd =

     0    64   210    80

» cumprod(D)

…Cumulative product of elements.

ans =

     0     2     5     1

     0     2    15     2

     0     8   105    16

     0    64   210    80



…Data Matrix…

D =
0     2     5     1

     9     1     3     2

     5     4     7     8

     4     8     2     5

gradient(D) 
…Approximate gradient.

» ans =

    2.0000    2.5000   -0.5000   -4.0000

   -8.0000   -3.0000    0.5000   -1.0000

   -1.0000    1.0000    2.0000    1.0000

    4.0000   -1.0000   -1.5000    3.0000

[FX,FY] = GRADIENT(F) returns the numerical gradient of the matrix F. FX corresponds to dF/dx, the differences in the x (column) direction. FY corresponds to dF/dy, the differences in the y (row) direction. The spacing between points in each direction is assumed to be one. When F is a vector, DF = GRADIENT(F) is the 1-D gradient.

» diff(D)
…Difference and approximate derivative.

ans =

     9    -1    -2     1

    -4     3     4     6

    -1     4    -5    -3

DIFF(X), for a vector X, is [X(2)-X(1)  X(3)-X(2) ... X(n)-X(n-1)]. DIFF(X), for a matrix X, is the matrix of column differences,[X(2:n,:) - X(1:n-1,:)].



…Data Matrix…

D =
0     2     5     1

     9     1     3     2

     5     4     7     8

     4     8     2     5

Multiple Commands to Extract a Single Value from a Matrix

» max(max(D))

ans =
9

» min(min(D))

ans =
0

» mean(mean(D))

ans =
4.1250

» median(median(D))

ans =
3.7500

» sum(sum(D))

ans =
66

» prod(prod(D))

ans =
0

» min(min(D(:,2:4)))

ans =
1

» sum(sum(D(:,2:4)))

ans =
48

Special Numbers:

NaN Not-a-Number.

NaN is the IEEE arithmetic representation for Not-a-Number. A NaN is obtained as a result of mathematically undefined operations like 0.0/0.0  and inf-inf.

INF Infinity.

INF returns the IEEE arithmetic representation for positive infinity.  Infinity is also produced by operations like dividing by zero, eg. 1.0/0.0, or from overflow, eg. exp(1000).

Detecting Special Numbers:

ISFINITE True for finite elements.

ISFINITE(X) returns an array that contains 1's where    the elements of X are finite and 0's where they are not. For example, ISFINITE([pi NaN Inf -Inf]) is [1 0 0 0].

ISINF True for infinite elements.

ISINF(X) returns an array that contains 1's where the    elements of X are +Inf or -Inf and 0's where they are not. For example, ISINF([pi NaN Inf -Inf]) is [0 0 1 1].

ISNAN True for Not-a-Number.

ISNAN(X) returns an array that contains 1's where    the elements of X are NaN's and 0's where they are not.    For example, ISNAN([pi NaN Inf -Inf]) is [0 1 0 0].

Use of Special Numbers.

» E=[0,2,5,1;9,1,3,2;inf,4,7,NaN;4,8,2,5]

E =

     0     2     5     1

     9     1     3     2

   Inf     4     7   NaN

     4     8     2     5

» E*E

ans =

   Inf    30    43   NaN

   Inf    47    73   NaN

   NaN   NaN   NaN   NaN

   Inf    64    68   NaN

» E.*E

ans =

     0     4    25     1

    81     1     9     4

   Inf    16    49   NaN

    16    64     4    25

» mean(E)

ans =

       Inf    3.7500    4.2500       NaN

» atan(inf)

ans =

    1.5708

» inf/inf

ans =

   NaN

» 1000/inf

ans =

     0

FIND   Find indices of nonzero elements.

I = FIND(X) returns the indices of the vector X that are non-zero. For example, I = FIND(A>100), returns the indices of A where A is greater than 100. See RELOP.

[I,J] = FIND(X) returns the row and column indices of    the nonzero entries in the matrix X.  This is often used with sparse matrices.

[I,J,V] = FIND(X) also returns a column vector of the    nonzero entries in X.  Note that find(X) and find(X~=0)    will produce the same I and J, but the latter will produce a V with all 1's.

» Diag=eye(4)
…create a 4X4 identity matrix…

Diag =

     1     0     0     0

     0     1     0     0

     0     0     1     0

     0     0     0     1

» find(Diag)
…locate single index #’s of non-zero data…

ans =

     1

     6

    11

    16

» [r,c]=find(Diag)
…locate r,c of non-zero data…

r =  1

     2

     3

     4

c =  1

     2

     3

     4

Removing Unwanted or Out-of-Bound Data Points

» x=[0,2,5,inf,20,1,NaN,7,4]

x =

     0     2     5   Inf     20     1   NaN     7     4

» mean(x)

…contains one or more NaN…

ans =
NaN

» index_nan=find(isnan(x))
…locate index number(s)…

index_nan =
7

» x(index_nan)=[]


…eliminate NaN data…

x =  0     2     5   Inf     20     1     7     4

» index_inf=find(isinf(x))
…locate infinite data…

index_inf =
4

» x(index_inf)=[]


…eliminate infinite data…

x =  0     2     5     20     1     7     4

» mean(x)

…redo mean without out-of bound data…

ans =
5.5714

» x(find(x>=10))=[]
…eliminate noise points…

x =  0     2     5     1     7     4

» mean(x)

…redo mean without noise…

ans =
3.1667

Polynomials

Polynomials may be entered into MATLAB from left-to-right or from highest-order to lowest-order. The polynomial
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can be entered into MATLAB as follows:
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If any constant ‘aX’ is zero, a place holder of zero must be used.

» s_4=[6,-2,0,3,5]

s_4 =

     6    -2     0     3     5
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ROOTS  Find polynomial roots.

ROOTS(C) computes the roots of the polynomial whose coefficients are the elements of the vector C. If C has N+1 components, the polynomial is C(1)*X^N + ... + C(N)*X + C(N+1). 
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» roots([1,-15,85,-225,274,-120])

ans =
5.0000

    

4.0000

    

3.0000

    

2.0000

    

1.0000
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POLY Convert roots to polynomial.

POLY(V), when V is a vector, is a vector whose elements are the coefficients of the polynomial whose roots are the elements of V . For vectors, ROOTS and POLY are inverse functions of each other, up to ordering, scaling, and roundoff error.

» rt=[1,2,3,4,5]
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rt =     1     2     3     4     5

» poly(rt)

ans =     1   -15    85  -225   274  -120
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POLY(A), when A is an N by N matrix, is a row vector with N+1 elements which are the coefficients of the    characteristic polynomial, DET(lambda*EYE(SIZE(A)) - A).

» A=[3,2,1;4,5,6;9,1,7]

A =

     3     2     1

     4     5     6

     9     1     7

» poly(A)  …determines the characteristic equation…

ans =   1.0000  -15.0000   48.0000  -98.0000
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Now determine the eigen values of A…

» roots(ans)



ans =

  11.5875          

   1.7063 + 2.3550i

   1.7063 - 2.3550i
» eig(A)

ans =

  11.5875          

   1.7063 + 2.3550i

   1.7063 - 2.3550I

CONV Convolution and polynomial multiplication.

C = CONV(A, B) convolves vectors A and B.  The resulting vector is length LENGTH(A)+LENGTH(B)-1. If A and B are vectors of polynomial coefficients, convolving them is equivalent to multiplying the two polynomials.

» a=[1,1]
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a =

     1     1

» b=[1,2]
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b =

     1     2

» s_2=conv(a,b)
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ans =

     1     3     2

» roots(s_2)
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ans =

    -2

    -1

DECONV Deconvolution and polynomial division.

[Q,R] = DECONV(B,A) deconvolves vector A out of vector B.  The result is returned in vector Q and the remainder in vector R such that B = conv(A,Q) + R.    If A and B are vectors of polynomial coefficients, deconvolution is equivalent to polynomial division.  The result of dividing B by A is quotient Q and remainder R.

» deconv(s_2,a)
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ans =     1     2

» deconv(s_2,b)
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ans =     1     1

RESIDUE Partial-fraction expansion (residues).

[R,P,K] = RESIDUE(B,A) finds the residues, poles and direct term of a partial fraction expansion of the ratio of two polynomials B(s)/A(s). If there are no multiple roots,


[image: image15.wmf](

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

s

K

n

P

s

n

R

P

s

R

P

s

R

s

A

s

B

+

-

+

+

-

+

-

=

...

2

2

1

1


Vectors B and A specify the coefficients of the numerator and denominator polynomials in descending powers of s.  The residues are returned in the column vector R, the pole locations in column vector P, and the direct terms in row vector K.  The number of    poles is n = length(A)-1 = length(R) = length(P). The direct term coefficient vector is empty if length(B) < length(A), otherwise length(K) = length(B)-length(A)+1.

If P(j) = ... = P(j+m-1) is a pole of multplicity m, then the expansion includes terms of the form
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[B,A] = RESIDUE(R,P,K), with 3 input arguments and 2 output arguments, converts the partial fraction expansion back to the polynomials with coefficients in B and A.

» A=[1,-15,85,-225,274,-120]

A =

     1   -15    85  -225   274  -120

» B=[3,4,-23,-333,44,22,8]

B =

     3     4   -23  -333    44    22     8

» [R,P,K]=residue(B,A)

R = 

  1.0e+003 *

    0.1914

    1.6693

   -1.8062

    0.4140

   -0.0115

P =

    5.0000

    4.0000

    3.0000

    2.0000

    1.0000

K =

     3    49
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» [B,A]=residue(R,P,K)

B =    3.0000    4.0000  -23.0000 -333.0000   44.0000

  22.0000    8.0000

A =    1.0000  -15.0000   85.0000 -225.0000  274.0000 

-120.0000

Polynomial Addition

Addition and subtraction of polynomials of the same order is performed through simple vector addition and subtraction.

a =

     1     2    -5     6

» b=[3,4,-1,9]

b =

     3     4    -1     9

» add=a+b

add =

     4     6    -6    15

» sub1=a-b

sub1 =

    -2    -2    -4    -3

» sub2=b-a

sub2 =

     2     2     4     3

However, if the polynomials are of different lengths, the shorter of the two must be padded with zeros to perform the addition or subtract. For instance if we want to add the third order polynomial ‘a’ above to the first order polynomial ‘c’ below, ‘c’ must be padded.

» c=[1,2]

c =     1     2

» c_pad=[0,0,c]

c_pad =   0     0     1     2

» pad=a+c_pad

pad =     1     2    -4     8

Evaluation of a Polynomial at a Specific Point.

Y = POLYVAL(P,X), when P is a vector of length N+1 whose elements are the coefficients of a polynomial, is the value of the polynomial evaluated at X.
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If X is a matrix or vector, the polynomial is evaluated at all points in X.

» g=[1,1,-14,-24];

» r=roots(g)

r =
 4.0000

   
-3.0000

   
-2.0000


» y=polyval(g,r)

y =  1.0e-013 *

             0

        0.1066

       -0.0355

» x=linspace(min(r)-1, max(r)+1, 50);

» y=polyval(g,x);

» plot(x,y), grid
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