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Curve Fitting

1. Fitting a curve to a set of data points

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

3. Fitting a curve to a set of points to obtain a continuous 
smooth curve
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Mathematical Background

iy
y

n
= ∑Arithmetic mean

Standard Deviation 1
t

y
Ss

n
=

− where ( )2
t iS y y= −∑

St is the sum of square of the residuals

Variance:

( )

2

22
2

1

/
1

y

y

t

i i

Ss
n

y y n
s

n

=
−

−
=

−
∑ ∑

Coefficient of variation (c.v.) . . 100%ys
c v

y
=



3

Least Square Regression

1 1 2 2 3 3( , );( , );( , );......( , )n nx y x y x y x yA set of paired observations:

0 1y a a x e= + + a0 and a1 are coefficients,e 
is the error or residual

0 1e y a a x= − − Difference between the true value and the 
approximate value obtained from the 
straight line
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“Best Fit”
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Square of the Residuals

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.

Sum of errors

Sum of absolute 
value of errors

“Minimax”-Minimization of the maximum
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Necessary Condition:

[ ]

0 1
10

0 1
11

2 ( ) 0

2 ( ) 0

n
r

i i
i

n
r

i i i
i

S y a a x
a
S y a a x x
a

=

=

∂
= − − − =

∂

∂
= − − − =

∂

∑

∑
Or:

( )

( ) ( )
0 1

1

2
0 1

n

i i
i

i i i i

na x a y

x a x a y x
=

+ =

+ =

∑ ∑

∑ ∑ ∑
( )1 22

0 1

,.....

i i i i

i i

i i

n x y x y
a

n x x

a y a x

y y x x

−
=

−

= −

= =

∑ ∑ ∑
∑ ∑

∑ ∑



6

7875

6060

8055

4850

3340

5025

1820

2015

410

Tensile 
StrengthTime

2

391

350

19520

17700

i

i

i i

i

ny y

nx x

x y

x

= =

= =

=

=

∑
∑

∑
∑ 0

10

20

30

40

50

60

70

80

90

0 20 40 60 80

y = 1.0552x + 2.4103
R2 = 0.7945

0

10

20

30

40

50

60

70

80

90

0 20 40 60 80

1

0

2.4103
1.0552

a
a
=
=

1.0552 2.4103y x= +



7

2 2
0 1

1 1

( )
n n

r i i i
i i

S e y a a x
= =

= = − −∑ ∑

/ 2
r

y x
Ss

n
=

−
Standard error of the estimate

2 t r

t

S Sr
S
−

=
r2= Coefficient of Determination
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Linearization of Nonlinear Relations
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Example (problem 17.20)
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Polynomial Regression
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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.
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Pseudocode for determining the coefficients 
of the Augmented Matrix A :
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Multiple Linear Regression
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General Linear Least Square

0 0 1 1 2 2......... kky a z a z a z a z e= + + + +

Where z0,z1,......zk are different functions

[z0,z1,......zk]=[1,x1,x2,......xk]    or =[1,x, x2,....xk] 

or =[1, cos(ωt), sin(ωt)] ;   

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

[ ] [ ] [ ] [ ] [ ]{ }T TZ Z A Z Y⎡ ⎤ =⎣ ⎦
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Nonlinear Regression
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Expand f(xi,a0,a1,.....am) in Taylor Series

At j=0, assume values for   a0,a1,.....am, Using the above equation 
solve for Δak values, repeat as in the Newton Raphson Method.

Gauss Newton Method


