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2) Fourier: & %y
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4\ Curve Fitting Toal - O *
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. : Gaussian w [ Auto fit
Fit name: |untitled fit 1 Custom Equation " .
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Power w
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Table of Fits ®
Fit na.. « Data Fit type SSE R-square DFE Adj R-sq RMSE # Coeff  Validati.. Validati.. WValidati..
St
K 36.1 Matlab #-& T. B55
Fit Category Curves Surfaces

Regression Models
Polynomial
Exponential
Fournier
| Gaussian
Power
Rational
Sum of Sine

Weibull

Yes (up to degree 9)
Yes
Yes
Yes
Yes
Yes
Yes
Yes

36.3 Matlab P B #l& B SLB) 10E

36.3.1 Exponential: F5¥K ¥

it

Yes (up to degree 5)

K] 36.2 Matlab #l& L HAH N B L& K%L

X 0,1,15,1.6,1.8,2,2.25,2.3,2.4,2.55,2.61,2.7,2.75,2.8,2.9,2.94,3

y |0.17,0.2,0.99,1.56,3.55,4.52,11.14,13.27,16,22.65,25.3,29.57,31.65,33.91,39.13,40.6,42.55
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K 36.3 5%k %L (Exponential) I6iIF %4k &

PR EUE 2
Expl y=a-exp(b-x)
Exp2 y=a-exp(b-x)+c-exp(d-x)

MatlabBJ ] 7E il #i AL & T B8 3047, Wnl U an AR
Matlab{hg .

clear;
clc;
close all;

% Curve Fit
x=[0,1,1.5,1.6,1.8,2,2.25,2.3,2.4,2.55,2.61,2.7,2.75,2.8,2.9,2.94,3];
y=[0.17,0.2,0.99,1.56,3.55,4.52,11.14,13.27,16,22.65,25.3,29.57,31.65,33.91,39.13,40.6,42.55];

theFit=fit(x',y','Exp2")
coeffvalues(theFit)
plot(theFit,x,y)

1stOptf i

Variable x,y;
Function y=a*exp(b*x); /Expl
Ily=a*exp(b*x) + c*exp(d*x); //Exp2
Data;
z=[0,1,1.5,1.6,1.8,2,2.25,2.3,2.4,2.55,2.61,2.7,2.75,2.8,2.9,2.94,3];
y=[0.17,0.2,0.99,1.56,3.55,4.52,11.14,13.27,16,22.65,25.3,29.57,31.65,33.91,39.13,40.6,42.55];

Matlab 5 1stOptit 545 5
PRIK Matlab 1stOpt
a=0.2318 SSE: 62.2245194404254
b=1.765 RMSE: 1.91318212657258
Goodness of fit: R-Square: 0.985815218634677
Expl SSE: 62.22 Parameter Best Estimate
R-square: 0.9839
Adjusted R-square: 0.9828 a 0.231771642275536
RMSE: 2.037 b 1.76457973001757
a=1.824e+04 SSE: 4.49583934179677
Exp2 b =0.9726 RMSE: 0.51425785142548
c=-1.824e+04 R-Square: 0.998899120898117
d=0.9725 Parameter Best Estimate




Goodness of fit:
SSE: 31.51 a 39.0863242050617
R-square: 0.9918 b 3.34855006651047
Adjusted R-square: 0.99 c -39.0679731199091
RMSE: 1.557 d 3.34869099922272

WTEXp1EREL, —HER—E, (HXTExp2Ki#i, Matlabff2h Fu R EN, HHERR
H{ESSEZ1StOptII 7152 %
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36.3.2 Fourier: {EE MR

B

X | 25,10,20,30,50,100,200,400
y | 5418.583,9479.431,14828.01,21052.6,23872.96,25784.02,26420.23,26445.85,26433.05
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K 36.5 {8 B %0 (Fourier) B&iFEHE K
Matlab N & Fourier sk 3t i i = 88, MAZES, &hn—i, SEHEGHMNI 24, &
IRISUFECHR B N2, PR A e B ML 28 3P L F bR 8, RIF S 5080 K T30 %0
PR BT 2

Fourierl Yy =ay+ay - cos(x-w)+ by -sin(x-w)

. =ag+a,-cos(x-w)+ by -sin(x-w)+a,-cos(2-x-w)+b
Fourier? y 0 1 ( ) 1 ( ) 2 ( ) 2

-sin(2 - x - w)




Fourier3

y=ag+ay-cos(x-w)+ by sin(x-w)+a, -cos(2:-x-w)+b,
-sin(2-x-w)+as-cos(3-x-w)+bs-sin(3-x-w)

1stOptf i

Constant n=1;

Variable x, y;

Function y=a0+sum(i=1:n,a,b)(a*cos(i*x*w) + b*sin(i*x*w));

Data;

x=[2,5,10,20,30,50,100,200,400];
y=[5418.583,9479.431,14828.01,21052.6,23872.96,25784.02,26420.23,26445.85,26433.05];

Matlab 5 1stOptit 545
PRI Matlab 1stOpt
a0 = 2.114e+04 SSE: 38625276.9394391
al =-8764 RMSE: 2071.64124252136
bl =9231 R-Square: 0.926253425659809
w =0.01844 Parameter Best Estimate
Fourierl | Goodness of fit:
SSE: 1.697e+08 a0 17537.8970408511
R-square: 0.6761 al 9675.47591699509
Adjusted R-square: 0.4817 w -17.2153756056715
bl -3245.43987576037
a0=-1.352e+17 SSE: 283281.135741205
al =1.802e+17 RMSE: 177.413871354589
bl=-2.465e+14 R-Square: 0.999459136218781
a2 = -4.505e+16 Parameter Best Estimate
b2 =1.233e+14
Fourier2 | w=-7.458e-06 a0 17236.509067496
Goodness of fit: al 10764.832492643
SSE: 1.378e+07 w -1.63560631363068
R-square: 0.9737 bl 4077.55118922058
Adjusted R-square: 0.9298 a2 -2810.24273368819
RMSE: 2143 b2 -4517.42970148192
a0 = -4.228e+08 SSE: 12.2178106713836
al=  5.789e+08 RMSE: 1.16513283321801
bl=  2.888e+08 R-Square: 0.999999976672745
a2 = -1.671e+08 Parameter Best Estimate
b2= -2.171e+08
a3 = 1.1e+07 a0 44608.8019944385
Fourier3 | b3=  4.865e+07 al 44270.4508742796
w = 0.003256 w -0.984393862362967
Goodness of fit: b1l 16026.6691906036
SSE: 2530 a2 64924.1941815572
R-square: 1 b2 15556.6399208676
Adjusted R-square: 1 a3 35999.383590025
RMSE: 50.3 b3 -17469.4110693072

SR ZIRTE , Matlabxlix =W B G A THE RS R AA LR, H51stOptit 5

S5 RSSEMIEL, RZEMIRAK.

36.3.3 Gaussian: RETERE

s

X |0,20,30,50,60,70,80,100,120,130,140,150,160,180,200,240,320,360,400,440,480,520,560,600,640,680,72




0,760,800,840,880,920,960,1000
4.4486,21.3705,39.9472,107.4536,155.4400,207.0610,254.0847,299.2430,254.0186,206.9618,155.3075,1
y | 07.2876,68.1533,21.1025,4.1107,-0.9522,-1.0713,0.4890,7.9109,25.6786,44.6160,44.2607,24.5898,
6.0160,-2.3448,-5.0594,-6.6304,-8.5346,-11.2359,-15.1607,-20.8160,-28.3768,-36.2845,-40.0000
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36.6 mTEREL (Gaussian) eilF £ &
Matlab P4 & /5 BT o8 2500 50 = 8, M3 S Bl & A b 1, A% UM 142 3131 vy Hr R 2

Gaussian A%
— b\ 2
Gaussl Y = ajexp (— (x 1) )
1
x — by\2 x — by\*
Gauss2 Y = ajexp (— ( 1) ) + a,exp (—( 2) )
1 C2

Gauss3

( X — b1 2 X — bz 2 X — b3 2
Yy =a.exp| — ( ) + aexp| — ( ) + aszexp| — ( )
1 C2 C3

1stOptf i
Variable x, y;
Function y=al*exp(-((x-b1)/c1)"2); //Gaussl
Ily=al*exp(-((x-b1)/c1)"2)+a2*exp(-((x-b2)/c2)"2); [IGauss2
Ily=al*exp(-((x-b1)/c1)"2)+a2*exp(-((x-b2)/c2)"2)+a3*exp(-((x-b3)/c3)"2); //Gauss3

Data;
x=[0,20,30,50,60,70,80,100,120,130,140,150,160,180,200,240,320,360,400,440,480,520,560,600,640,680,720,
760,800,840,880,920,960,1000];
y=[4.4486,21.3705,39.9472,107.4536,155.4400,207.0610,254.0847,299.2430,254.0186,206.9618,155.3075,107
.2876,68.1533,21.1025,4.1107,-0.9522,-1.0713,0.4890,7.9109,25.6786,44.6160,44.2607,24.5898,6.0160, -
2.3448,-5.0594,-6.6304,-8.5346,-11.2359,-15.1607,-20.8160,-28.3768,-36.2845,-40.0000];

Matlab 5 1stOptit 545 5
PRIEK Matlab 1stOpt
al =299.5 SSE: 9975.36958039699
b1 =99.99 RMSE: 17.1287250825288
cl1=49.34 R-Square: 0.96551352609728
Gaussl Goodness of fit: Parameter Best Estimate
SSE: 9975
R-square: 0.9654 al 299.486768506001
Adjusted R-square: 0.9632 bl 99.9855088360739
RMSE: 17.94 cl 49.3352095531223
CriiEd al=301.1 SSE: 4673.18298154511
b1 =100 RMSE: 11.7237604155296




cl =49.6 R-Square: 0.98865779978405

a2 =-1.98 Parameter Best Estimate

b2 =116.8

c2=1141 al 48.3777449619495

Goodness of fit: b1l 498.571403273109
SSE: 9973 cl 72.3042633097725
R-square: 0.9654 a2 299.486768723683
Adjusted R-square: 0.9593 b2 99.9855088238292
RMSE: 18.87 c2 49.3352094667924

al = 33.47 SSE: 17.1184747071162

bl= 100.7 RMSE: 0.709566452285691

cl= 35.24 R-Square: 0.999944686437565

a2 = 185.4 Parameter Best Estimate

b2 = 86.54

c2 = 44.89 al 48.5618196506781

Gauss3 a3 = 122.8 b1l 499.777816877675

b3 = 121 cl -74.4440031336928

c3 = 42.71 a2 299.486863499402

Goodness of fit: b2 99.9856655897989
SSE: 9974 c2 -49.3355190317666
R-square: 0.9654 a3 -71.3179308534723
Adjusted R-square: 0.9544 b3 1249.86886164867
RMSE: 19.97 c3 338.184776997458

4 T Gauss14h, Gauss2F1Gauss3ftiMatlab%h EIYASIEH, H1stOptas SEAHLL, MHZER
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36.3.4 Rational: HIEEE
$i

X | 0,33.333,66.667,100,133.333,166.667,200,300,400,500,600,700,800,900,1000

-57.51,121.746,167.57,180.572,170.651,131.428,89.633,32.923,9.106,2.714,0.79,0.188,

Y| 0.058,0.014,0.003
140 A4
_
40 1
*—o—+¢
-60 @ T T T T
0 200 400 600 800 1000

X

K 36.9 ¥ K% (Rational) I&iFEFE K

Rational BA £ 34 30F A R LA ARG, EHLL I 6F,
Rational P84k

4
Rat01 y = X+
x +
Rat11l y = PiX T P2
X+ q
2
Rat22 DX T PaX ¥ b
xX“+q1x+qy
2+ pox +
Rat23 y = p1x D2X T D3
X3+ q1x? + gox + q5




Rat32 _ p1x3 + pox?® + p3x 4+ py
X2+ qx+q,
Rat33 _ plf + p232cz +psX 4Py
x° 4+ qx° 4+ qx + q3
1stOptf i
Variable x,y;

Function y= (p1) / (x + q1); //Rat01
Ily=(p1l*x + p2) / (x + ql); //Ratll
Ily= (p1*x"2 + p2*x + p3) / (X2 + q1*x + g2);//Rat22
Ily=(p1*x"2 + p2*x + p3)/(x"3 + q1*x"2 + q2*x + q3);//Rat23
Ily=(p1*x"3 + p2*x"2 + p3*x + p4)/(x"2 + ql*x + q2);//Rat32
Ily=(p1*x"3 + p2*x"2 + p3*x + p4)/(x"3 + q1*x"2 + q2*x + g3);//Rat33
Data;
x=[0,33.333,66.667,100,133.333,166.667,200,300,400,500,600,700,800,900,1000];
y=[-57.51,121.746,167.57,180.572,170.651,131.428,89.633,32.923,9.106,2.714,0.79,0.188,0.058,0.014,0.003],

Matlab 5 1stOptit- 545 53
PRI Matlab 1stOpt
pl= 2380 SSE: 65172.1078402097
gl= -19.51 RMSE: 65.9151514399179
Goodness of fit: R-Square: 0.286866571324611
Rat01 SSE: 8.542e+04 Parameter Best Estimate
R-square: 0.009807
Adjusted R-square: -0.06636 pl 38402.2295560357
RMSE: 81.06 ql 347.661227191482
pl=484 SSE: 54518.0999431176
p2 = 1246 RMSE: 60.2871461939263
gql=-15.91 R-Square: 0.368021293230501
Rat1l Goodness of fit: Parameter Best Estimate
SSE: 5.496e+04
R-square: 0.3628 pl -509.951820225121
Adjusted R-square: 0.2566 p2 404417.273100407
RMSE: 67.68 ql 3467.29400075593
pl =-41.47 SSE: 2470.07621283324
p2 =2.78e+04 RMSE: 12.8324490071933
p3 =-2.96e+05 R-Square: 0.971366654886411
gl =-40.35 Parameter Best Estimate
g2 =5570
Rat22 Goodness of fit: pl -41.4596543583183
SSE: 2470 p2 27796.3102692117
R-square: 0.9714 p3 -295977.362709882
Adjusted R-square: 0.9599 ql -40.3735552491385
RMSE: 15.72 g2 5568.98271999651
pl=78.09 SSE: 50.4868900994394
p2 =-103.9 RMSE: 1.83460967873168
p3 =-2.953 R-Square: 0.999421606918053
ql =24.68 Parameter Best Estimate
g2 =-32.35
Rat23 g3 =0.05131 pl -4099.33217955352
Goodness of fit: p2 2756823.21489415
SSE: 1.299e+05 p3 -6390666.04573042
R-square: -0.5062 gl -211.740997416574
Adjusted R-square: -1.343 g2 22462.3211904212
RMSE: 120.2 g3 111115.959382505




pl=0.128
p2 =-178.2

p3 = 5.818e+04
p4 = -5.246e+05

SSE: 898.694103287714
RMSE: 7.74034496771177
R-Square: 0.989582257309595
Parameter Best Estimate

ql =6.561
Rat32 g2 = 9445 pl 0.128007447439966
Goodness of fit: p2 -178.154778485899
SSE: 898.7 p3 58171.7603556022
R-square: 0.9896 p4 -524596.653325421
Adjusted R-square: 0.9838 ql 6.54536629716628
RMSE: 9.993 g2 9444.80600308068
pl=3.941 SSE: 41.3669963700854
p2 =-7509 RMSE: 1.66066244553362
p3 =3.41e+06 R-Square: 0.999520470065974
p4 = -1.076e+07 Parameter Best Estimate
ql=-214.7
Rat33 g2 = 2.372e+04 pl 3.94079727739296
g3 =1.871e+05 p2 -7509.26508469821
Goodness of fit: p3 3410306.5314588
SSE: 41.37 p4 -10758807.5353447
R-square: 0.9995 ql -214.653592277367
Adjusted R-square: 0.9992 g2 23715.5772009434
RMSE: 2.274 g3 187068.210670941

LHeF R HrR, Matlab% 5 A — L RhEe, MRS TR Matlab 5 = i 5T
T AR AR R ME—

36.3.5 Sum of Sin: IESXFI R %k

B

X | 6800,6500,6350,5800,4900,4500,4000,3500,3000

y | -32.5,0.01,25,50,75,100,150,120,31

D¢

150

100

-50 T

3000 4000

5000 6000 7000
X

36.10 IF5ZFIERE (Sum of Sin) B&iF %R &
Matlab P4 & Sum of Sin b8 HU 5 i =1 8, MR HE S & A b, AVIRE 12 3T 1E 5%

Sum of Sin A%

Sinl y =ay -sin(by - x + ¢;)
Sin2 y =a,-sin(by - x +¢;) +a, -sin(b, - x + ¢;)
Sin3 y =ay-sin(by - x +¢;) +a, - sin(b, - x + ¢;) + as - sin(bs - x + ¢3)

10



1stOptfLhl:

Constantn=1; //n=1,2,3
Function y=Sum(n,a,b,c)(a*sin(b*x+c));
Data;

x=[6800,6500,6350,5800,4900,4500,4000,3500,3000];

y=[-32.5,0.01,25,50,75,100,150,120,31];

Matlabfll & T. B 46 5 1stOptit 5 45 3

PRI K Matlab 1stOpt
al=1151 SSE: 4613.47367233302
bl =0.0007424 RMSE: 22.6408521441835
cl=-1.652 R-Square: 0.834026943766448
Sin1 Goodness of fit: Parameter Best Estimate
SSE: 4613

R-square: 0.834 al 115.088799943611
Adjusted R-square: 0.7787 bl 218.02578779141
RMSE: 27.73 cl -81148.8279322517

al=131.3 SSE: 15.0463415303111

b1 =0.0009764 RMSE: 1.29298713280145

cl=-2.855 R-Square: 0.999458663497979

a2 =52.43 Parameter Best Estimate

b2 =0.002129

Sin2 €2 = 6.597 al 146.398522272567

Goodness of fit: bl 0.000597128418062707
SSE: 196.4 cl -7.5484064889269
R-square: 0.9929 a2 -83.2946413909831
Adjusted R-square: 0.9812 b2 -2.97270286953154
RMSE: 8.091 c2 -9.75816905890932

al=114.8 SSE: 1.52638006364082E-19

b1 =0.00069 RMSE: 1.30229714293237E-10

cl=-1.246 R-Square: 1

a2 =136.5 Parameter Best Estimate

b2 =0.003461

€2 =255 al -17.8934285745309

a3 =152.8 bl 0.121901030220331

Sin3 b3 =0.00333 cl 26.305448755723
c3=-6.121 a2 130.843026332863
b2 -0.000652947630242742

Goodness of fit: c2 -8.13706797488529
SSE: 65.02 a3 45.7927900482939
R-square: 0.9977 b3 0.0199949846230911
Adjusted R-square: NaN c3 -17.0205782929297

RMSE: NaN

“Sum of Sin"sR B A A EAT A IME =AMt BMEHARREE (SSE) —#F, XTRIZS
A AT REAFR, B2, NHRRBUEE, Matlab%s )45 R Sin171E,

HARPAN LIRS

36.3.6 Weibull: BAF/REH
Hoi

X | 1,111.2131415,16,1.7,1.8,1.9,2




y | -2.885,-4.463,-7.113,-11.799,-20.577,-38.093,-75.578,-162.239,-380.432,-983.866,-2833.698

00——0—0—¢

-1000 -
2000 -
-3000 T T T T !
1 1.2 1.4 1.6 1.8 2
X
36.11 iR A /R B AL (Weibull) B63IE %54 &
Weibull BR%{:
y=a-b-x""1.exp(—a-x?)
1stOptfLHd:
Function y=a*b*x"(b-1)*exp(-a*x"b);
Data;

x=[1,1.1,1.2,1.3,1.4,15,1.6,1.7,1.8,1.9,2];
y=[-2.885,-4.463,-7.113,-11.799,-20.577,-38.093,-75.578,-162.239,-380.432,-983.866,-2833.698] ;

Matlab 5 1stOptit 45 5
Matlab 1stOpt
a=1.912e-08 SSE: 3.76470758625793E-7
b = 1.132-06 RMSE: 0.00018499895789038

Goodness of fit:
SSE: 9.177e+06
R-square: -0.2539
Adjusted R-square: -0.3932
RMSE: 1010

R-Square: 0.999999999999949
Parameter Best Estimate

a -0.499999987397168
b 3.50000000402891

Matlabit 545 i B AN, HA B H 2 H4h HiRR1E B “Warning: A negative R-square
is possible if the model does not contain a constant term and the fit is poor (worse than

just fitting the mean). Try changing the model or using a different StartPoint.” , 2K/~

B S B

36.4 /NG
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