Curve Fitting

. Fitting a curve to a set of data points

. Fitting a curve for the Extrapolation of the data points (Trend
Analysis).

. Fitting a curve to a set of points to obtain a continuous
smooth curve



Arithmetic mean

Standard Deviation

Mathematical Background
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S, is the sum of square of the residuals
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Least Square Regression

A set of paired observations: (X;, Y,); (X, ¥,); (Xs, Ya)ieeeeee (X5 Y, )
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“Best Fit”
Minimize:
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1. Each x has a certain value. It is not random and known without
error

2. The y values are independent random variables and all have
the same variance.

3. The y values for a given x must be normally distributed.
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Necessary Condition:
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Tensile
Time Strength

10 4
15 20
20 18
25 50
40 33
50 48
55 80
60 60
75 78

a, =2.4103
a, =1.0552

ny = >y, =391
nX =Y x =350
> xy; =19520

> xt =17700

y =1.0552 + 2.4103x
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r2= Coefficient of Determination 2 St — Sr
F~ =

r= correlation coefficient S
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SUB Regress(x, y, n, al, a0, syx, rZ2)

|
-

sumx = 0: sumxy = 0: st
sumy = Q: sumx2 = 0: sr = 0
DO i=1,n
sumx = sumx + X;
sumy = sumy + yi
sumxy = sumxy + Xxi*yi
sumx2 = sumxZ2 + Xi*X;
END DO
Xm = sumx/n
ym = sumyj/n
al = (n*sumxy — sumx*sumy)/(n*sumx2 — Sumx*sumx)
a0 = ym — al*xm
DO i=1,n
st = st + (y; — ym)?
sr=sr+ (y; — al*x; — a0)?
END DO
syx = (srf(n — 2))0-*
r2 = (st — sr)/st

END Regress



(b)

(a)

Linearization

In ¥

Slope = b,

Intercept = In a,

(d)

y=ae*
Iny =Ina, +bx

Linearization of Nonlinear Relations

(b) ()

Linearization

Linearization

log y 1y

Slape = b; Slope = hy/a,

Intercept = log 1/u,

log x 1/x
Intercept = log a,

(e) (f)
= a,X” y=a,—
y=24, b, + x
Iny=Ina, +b,Inx 1_b1 1
y & X &



* S Example (problem 17.20)
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Polynomial Regression

y=a, +aX+a,X ... +a x +e

e=y—a,—aX—aX ...~ X
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(X )y +( 2% )y +( 2% g+ (X% ) a =2 X"

k+1 (linear) equations in k+1 unknowns. k cannot be larger than the number of
data points. Do not use very high order polynomials.

Step 1: Input order of polynomial fo be fit, m.

Step 2: Input number of data points, n.

Step 3: I n < m+ 1, print out an error message that regression is impossible and terminate the
DIocess. If n > m+ 1, conlinue.

Step 4: Compute the elements of the normal equation in the form of an augmented matrix.

Step 5: Solve the augmented matrix for the coelficients ap, a1, a2, . . ., am, using an elimination
method.

Step 6: Print out the coefficients.




" A
Pseudocode for determining the coefficients
of the Augmented Matrix A :

D0 7 =1, order + 1

D0 j=1, 1
k=17 ok J = 2
sum = 0
D0¢ =1, n
sum = sum + x&
END DO
di,j = Sum
dj i = Sum
END DO
sum = 0
D0e¢ =1, n
sum = sum + yp - Xy
END DO

di,order+2 = SUM
END DO
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Multiple Linear Regression
y=a,+aX +aX,........ +a X, +€

E=Y—a —AX =X — X
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General Linear Least Square

Y =8,Z, + 2, + 3,2, +a,Z, +€

Where z,,z,,...... z, are different functions
(20,24, Z, )= [1,X 1, X X or=[1,, X?,....x]

or =[1, cos(wt), sin(wt)] ;

[Y ] = [Z ] [ A] + [ E] A: unknown coefficients

(2] [2]|[Al={[2] Y]}
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Nonlinear Regression

Example

yi = f(x)=a,(1-e™*")+¢

|
Gauss Newton Method

Expand f(x,ay,a,,.....a,,) in Taylor Series
ot (%)

ot (%) Aa, + (%) Aa,..... Aa_ +e
0a, 0, oa

Yi — f(xi)j =

m

At j=0, assume values for a,,a,,.....a,, Using the above equation
solve for Aa, values, repeat as in the Newton Raphson Method.
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