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Fit curves and surfaces to data using regression, interpolation, and smoothing

Introduction
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Surface generated using the Surface Fitting Tool. The tool supports a variety of fitting methods, including linear
regression, nonlinear regression, interpolation, and smoothing.

Working with Curve Fitting Toolbox
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Fitting multiple candidate models to a single data series using the Surface Fitting Tool. You can compare the fitted
surfaces visually or use goodness-of-fit metrics such ag,lﬁdjusted R, sum of the squared errors, and root mean
squared error.

Fitting Data with GUIs
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MATLAB function generated with the Surface Fitting Tool.

Working at the Command Line
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). %12  %'2fddniodel = fit((X,Y], Z, © poly1l O);

1.,). %12 %' 2fti&igpbel = fit(X, Y, O fourier2  O);

. 4% 20/, fidedmodel = fit([Time, Temperature], Energy, O cubicinterp  O);

- 114 (). fittedmodel = fit([Time, Temperature], Energy, O lowess O, O span 0,
0.12);
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, [ 4 4 )plot(fittedmodel)

) & & % 2 % .diffdrdntiate(fittedmodel, X, Y)

6!, 5 !4 jifttedmodel(80, 40)
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Extending the capabilities of the toolbox with a custom visualization. The color of the heat map corresponds to the
deviation between the fitted surface and a reference model.

Regression
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Linear Regression
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Nonlinear regression using a second-order Fourier series. You can pass the argument Ofourier20 to the fit command
(top, left) or select a second-order Fourier series in the Fit Editor (top, right).

Surface generated using the Custom Equation option of the Surface Fitting Tool. You can specify a custom equation or
input a MATLAB function.
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Fit Options GUI in the Surface Fitting Tool. You can control the type of robust regression, the choice of optimization
solver, and the behavior of the optimization solver with respect to starting conditions and constraints.

Splines and Interpolation
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A cubic B-spline and the four polynomials from which it is made. Splines are smooth piecewise polynomials used to
represent functions over large intervals.
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J Surface Fitting Tool

Fie Ft View Tools Deskiop Window Help

x
o [l D o |[BE]eE] BOB &0

Fitname: |Linear Interpolation | Interpolant v Auto fit

X input: :" bl Method: | Linear -
¥ Input: :!‘ | [#] Center and scale
Zoutput: [z ]
Results 3 [ Linear Interpolation
® zvsny

Linear interpolant:
f{x,y) = piecewise inear surface computed from p -
where x is normalized by mean 0. 1375 and std 1.7 [ TS REere—
and where y is normalized by mean -0.1852 and s
Coefficients:
p = coefficient structure

Goodness of fit:
5SE: 1.803e-030
R-square: 1 B b e
Adjusted R-square: NN
RMBSE: Nal

| Fit name - Data
1 Biharmonic Interpolation [z vs, x, ¥ fnearnterp (18027630 |1 o NaN [an %) ~
Jll Cubic Interpolation 2. %, ¥ ladicntery [9.2445e32 |1 o Hati [Farl 0 |
1l Linear Interpolation 2. x, v fnearnterp  |1.8027e-30 |1 o Hati [Fari

Linear interpolation using the Surface Fitting Tool.

Smoothing
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Surface Fitting Tool - Load Forecasting

Fle Ft View Toos Deskiop Window Hep S rx
~ &l Q- |EE] % BEOBA&0O
Fitname: |Smogthing - Locakoed Regresson model Lowess b [ Ao 6t

Airput: | Tme ~ Polynomial: | Linear - |I|

Yirout: | Temperatre v Span: 4 %

Zoutput: |Energy L Rebust: | OfFF *

Weghts: | (none) b [] Center and scale

Remits 2
[ Smoothing - Locakzed Regression model |
Locally weighted smoothing nesr regression:

Fx,y) = lowess (Inear] smoashing regresson computed fom o ® _ Energy vs. Time. Ty | 0 Y \\h
whare x 8 roemakzed by mean 12.01 and 510 6.92

and where v & rormakzed by mesn 45,43 and 58 17,1 :
Coefficents:

P = coeficent structure

Goodness of fit:
SSE: 11344004
Roquare: 0.5629
Adysted R-square: 0.859
RMSE: 4.609

TR &
tonr

[ Fitname ~ Data
I serooming - Locakzed Regresson model [Energy vs. Tme, Temperature fowess LiM3e+H4 08629 5335974 10,6590 46092 15

Localized regression model. Smoothing techniques can be used to generate predictive models without specifying a
parametric relationship between the variables.
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J MATLAE 7.10.0 (R2010a)

Fie Edit Debug Paralldl Desktop Window Help
NS 4B 2 ¢ R | @ |[HDocumentsMATABWeather

»> figure( ertitle’, 'off’', 'name’, 'Month v Pressure')

>> scatter (month,pressure, ’."

>» X = smooth(month, pressure, ‘sgolay'}:

>> hold on
> plot(month,X)
o>
J Month v Pressure ] E J Month v Pressure E
Fle Edt View Insert Took Deskiop Window Help - Fle Edt View Insert Took Deskiop Window Help *
Ddde |k R8089LA- 2|08 aD Ddds | kR O09LAL- S 0E nD
18 . 18
. & .
16 ' p 16
~ . . *
ul s * " i
LI ot b :
12 . e Lk m 12
o, * . .
- h o u . .
i i R - e e 0
8l , .~ . * 2 o 8
6
s . B .
1 = . 4 .
2 2
0 L " . L " L " I 0 " " o " " L " I
20 40 60 80 100 120 140 160 180 20 40 60 80 100 120 40 160 180

Exploratory data analysis using a Savitzky-Golay filter. Smoothing data enables you to identify periodic components.

Previewing and Preprocessing Data

526% )44)." [/,"/8 3500/243 ! #/-02%(%.3)6% 7/2+>/7 4('4 02/'2%33%3 &2/
4(2/5°( -1$%, $%6%,/0-%.4 |.$ #/-012)3/. 4/ 0/3402/#%33)." 1.1,93)3

I5 #1. 0,14 1 $141 3%4 ). 47/ /2 4(2%% $)-%.3)/.3 (% 4//,"/8 02/6)$%3 /04)/.
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Lowess b | [ Auto fit

Polynomial: | Linear v|
Span: |25 | k. Stop
Robust: | off v|

Center and scale

Fie Ft View Tools Deskiop Window Help » R L
- & Bl Q2 |[EE 6 BODB &0
Fitname: |Load Forecasang - Custom Eguaton Lowess v [ Awto it

Xiput: | Time b Polynomial: | Linear - E

Trgut: | Temperatre e Span: 25 L

Zoutput: |Energy 2 Rebust: off ~

Weghts: | (none) o~ [] Center and scale

Renins

Local bed SmooTing inear regresson:
,{,?:,‘:‘hm p-olels i e R 3 | [Jioad Forecasting - Custom Equation
where x is normakeed by mean 12,01 and std 6.92 ! H ®  Energy vs. Time, Temperature
and where y s normalized by mean 4343 and std ] || - 3

— ]|
‘| Load Forecastng - Custom Equaton. % )
| Fitrame et Fitpe  SSE Resquare « oFE AdRg AMSE 2Coeff ..
T Load Forecastg - Custom Equaton Erergy vs. Tre, Tevperatirefowess  |LS178e404  10.8168 [san0200  josins [s3018 | El

Normalizing data with the Center and scale option to improve fit quality.

4\ MathWorks

Accelerating the pace of engineering and science



J Exclude

) Curve Fitting Tool
Fie WVew Tools Window Meb

| WK B

) e

EEE

Outlier exclusion using the Curve Fitting Tool (top). You can create exclusion rules (middle) to remove all data points
that match some specific criteria, and use the graphical exclusion option (bottom) to click on a data point and remove

it from the sample.

40

f I
- i : . £ H
Exdusion rule name: Existng exchusion rules: : I i ] H
< ]
Excude Points H I i i H ‘
H i l
Select data set: | Energyvs, Tme % | Exclce graphicaly i ] . ! | # i ;
Check to exchude paint: 1 ) = :
«  Index X ¥ ' 1 .
0 |1 5496361 || H i H
1z [0 §0.34274 1= . I !
[mliE] |FT 83.03116 || i
S T —— )
ExcudeX [ <= [ Exchde X | >= (v |
Excude ¥ | <= o | Excudat | >= w
©  Included
Co=J=T] [ ¢ excied
°g ¥: |Energy v
90 X Time
o
80 Selecting Points:
g (@ Excludes Them
T0 o 8 © Inclsdes Them
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Fit name: |Load Forecasting - Custom Equation |

X input: |T|me ~ |
Y input: |Temperatura ~ |
Z output: |Energ\; ~ |
Weights: |(nona) ~ |

Fie Fit_Miew Tc Desktop  Window  Help A%

ol | BODE#F0D
Fitname: | Load Forecastng - Custom Equaton | Custom Equation |}
N = =it I ) )
Yinput: | Temperature ol =|1ad + alvcos(x*w) + bl*sim(x*w) + al2*coa(2y
2 output: | Energy ~| £l )
Visghts: | fnone) ~| Fit Optirs...
—
General model:

Fx,y) = 20 + 81%os{x"w) +b1"sn{x"w) + a2%cos H [ Load Forecasting - Custom Equation
+el%yn2+eaty i et @ Engrgy va, Time, Temperature
Coefficents (with $5% confidence bounds): 19y Temp
0= 9.1 (87.26,92.99
al= 1179 (12.55,-11.03)

a2=  0.6312 (0.1183, 1.381)
bl= -9.07 (-9.813, 8.34)

b2=  £.439 (-7.005, 5870 c 2,
<= 0.005013 (0.003782, 0.0062%3) A b \\\\\\\\gx\\\\\\
2= 0,653 (0.7758, 0.53149) 4 ) \\\\\\\\‘{\
w= 02706 (0.2666,0.2745) i RS

Goodness of fit:
SSE: 108204004
R-square: 0.8692
Adpusted R-square: 0.8576
RMSE: 4.968

< e ‘>_| Temperature

— Time

| Load Forecasting - Custom Equation x| T)

Fitname ~ | Data Fit type SSE Requare | DFE | Ad... | o b o
Il Load Forec... Energy vs. Time, Temperatire |aD +81%cos(x"w) +b1"sn{x"w) +82%0s(2%"W) + b2"sn{2"w) +C1%y*2 +¢2%  [1.0818e+04 03692 542 0.36% |..| 8 =

Weighting data points using the Surface Fitting Tool.

Developing, Comparing, and Managing Models
526% )44)." [/,"/8 ,%43 9/5 =4 -5,4)0,% #!.$)$!4% -/$%,3 4/ | $!14! 3%4 /5
53)." 1 #/-").14)/. /& $%3#2)04)6% 3414)34)#3 6)35!, ).30%#4)/. |.$ 6!,)$!14)/
Descriptive Statistics
526% )44)." [/,"/8 02/6)$%3 ! 7)$% 2!.'% /& $%3#2)04)6% 34!14)34)#3 ).#,°E
31512% !.$ !1$*534%3$% 315!12%
5- /& 315!'2%3 $5% 4/ %22/23 '.$ 2//4 -%!. 315!2%$ %22/2
%'2% %3 /& &2% % $/-

(% !",% /& )43 ,)343 1,, /& 4(% #!.$)$'4% -/$%,3 ). ! 3/241",% 41", % %.!",)
-5,4)0,% -/$%,3
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! Surface Fitting Tool

Fle Ft View Tools Desktop Window Hep

o
~ & @ |EBE] % BOES&0
Fitname: |Custom Equaton Cusstom Equation - o §
Trout: [ v s |=fx y ] =3
Thput: v bt =1 8% (1-x) 2. "expi-(x.%2) - (¥+1).%2) *+ b= (x/5 - x."3
Zoutput: [z - L] &
e .
Rests
General model:

Fxy) = a®(1). 2 Sep{-{r. *2) - [y+1).~) + b{x/5 - x.%3 -1
%5290 + Ceplx 1) 2y D)
Coeffidents (with 95% confidence bounds):
a= 1724 (1878, 3.571)
b= -10.12 (-10.73, 9.97)
= -0.1493 (0.8821, 0.5835)

[ custom Equation

3“ YT
Goodness of fit: ‘\‘ \
e .’%“%“{% >
W“d Resquare: 0.9738 ‘ “‘\\“‘
o SS
O
< 3 |

: L= L
Fit name Dats Fit type e Rosquare - ee AdyRsg RMSE = Coeff ValdsfonDats  ValdafonSSE | Valdation AMSE
[ Bharmars Interpsiant fevs. %, v Bhamoncnterp (1633827 1 ] pestt pisti E
[ Custom Equaton vany B 2 % 15001 JLELE i2J s s 1 Ef
[l 5t order Poynomial vs.x v pelyss [6.8774 e 3 0.6451 loETaz 21
@ Ve v Jovess 20,6355 106685 (25488 s Jo.5567 | 7
|

The Surface Fitting Tool, which provides a sortable table of candidate models.

Visual Inspection of Data

(% 41/,"18 %.1",%3 9/5 4/ 6)35!,,9 ).30%#4 #!1.$)$!14% -/$%,3 4/ 2%6%!, 02/",
35--129 3414)34)#3 /2 %8!-0,% 9/5 #!.
%.%214% 3)$% "9 3)$% 352&1#% !.$ 2%3)$5!, 0,/43 4/ 3%!2#( &/2 0144%?2
)-5,41.%/53,9 0,/4 -5,4)0,% -/$%,3 4/ #/-012% (/7 7%,, 4(%9 =4 4(% $'141 )
4 4(% $)&&%2%.#%3 "%AT%%. 47/ -1$%,3 13 | .%7 352&!#%
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) Residual Heat Map plotted on a Surface |:J@@
File Edit View Insert Tools Desktop Window Help =

NEEL KRN ODRL-|G[DE|nD

0.5

-0.5

Surface generated with the Surface Fitting Tool. The color of the heat map corresponds to the deviation between the
fitted surface and a reference model.

Validation Techniques
526% )44).' [//,"/8 3500/243 6!,)$!4)/. 4% #(.)15%3 4(!4 (%,0 02/4%#4 1'1).3
02%$)#4)6% -/$%, 53)." | 421).)." $141 3%4 100,9 9/52 -/$%, 4/ ! 6!,)$14)/. $!
=4
Postprocessing Analysis
H#% 9/5 (6% 3% ,%#4%$ 4(% #526% /2 352&!#% 4('4 "%34 $%3#2)"%3 9/52
1.1,93)3 526% )44).' [//,"/8 %.!", %3 9/5 4/

2%14% 0,/43

3% 9/52 -/$%, 4/ %34)-14% 6!,5%3 %6!,5!4)/.

1,#5,14% #/.=%3%.#% ).4%26!,3

2%'4% 02%$)#4)/. "/5.%$3

%4%2-).% 4(% '2%! 5.$%2 9/52 #526% ).4%'2'4)/.

1,#5,14% $%2)6!4)6%3
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J Analysis EER
Fit o analyze: | ft 1 (ydatav... W |
Analyze at¥i = |0:0.248:5.2

[¥] Evakiate fitat i
Prediction or confidence bounds:
) None
(=) For function
() For mew obsarvation

Level | 95 %

77 jpsaiies
0.0922537 0526083

[7] 15t dertvative at xi 0.330859_ |0.096+257 [

[] 2nd derivatve at )i 3225 0.775337  |0.39455 | Fle Edt View Insert Tooks Deskiop Window Help
[2am2 21198 [0.77297 iy o o 5 & o e 7 m
[integrate to 8 172 cans s | O de BN ODE A 208 =
G}t oot T —c
() Start from 4_.,& 220762 175171 - Analysis of i “fit 1" for dataset “ydata vs. xdata™
3712 LTS L7B% = T T i T T T
[Pt resits e -2.05273 |-1.61285 E i
5.208 L8585 |-LMIB 2
[ o e vt v i [5.456 L6166 10644 =
5.704 L3164 0.677 S 7
Save to worl # -
I g
=
£
=
w

15t deriv

2nd derfy

Postprocessing analysis with the Curve Fitting Tool, which automatically creates a scatter plot of the raw data along
with the fitted curve. The first and second derivatives of the fitted curve are also displayed.

(% &/,,/7)." %8!-0,%3 3(/7 (/7 0/3402/#%33)." '4 4(% #/--1.$ ,).% '00,)%3 ).4
H2%!14%S$ &2/- ! =44).' /10%2!14)].

6!,5!4 EhergyConsumption = fitedmodel(X, Y)

, 1 4 4 )EnergySurface = plot(fittedmodel)

.4 % ' 2 1'¥9lume_Under_Surface = quad2d(fitedmodel, Min_X, Max_X, Min_Y,
Max_Y)

) & & % 2 % .Q@radiehf = differentiate(fittedmodel, X,Y)

/- 05 4) cbnfidence intervals: Confidence_lIntervals = confint(fitedmodel)
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MATLAB 7.10.0 (R2010a)
Fle Edt Debug Paralel Deskiop Window Help
DS DA 9 | R B @ curentFde: HiDouments MATLAS Weather
Shortcuts #] How o Add 2] What's New

*> [ ednodel, gof] = fic|
»> methods (fittedmedel)

Methods for class sfit:

¥l. %, Z%, cpEa )i

4 Start|

Gradient

»[J®

predinc R

View Insert Tools Desktop Window

| RGO -3 |0E

probvalues

Help
m O

Using command-line postprocessing to calculate and plot a gradient.

Resources

Product Details, Demos, and System Requirements
www.mathworks.com/products/curvefitting

Trial Software
www.mathworks.com/trialrequest

Sales
www.mathworks.com/contactsales

Technical Support
www.mathworks.com/support

Online User Community
www.mathworks.com/matlabcentral

Training Services
www.mathworks.com/training

Third-Party Products and Services
www.mathworks.com/connections

Worldwide Contacts
www.mathworks.com/contact
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http://www.mathworks.com/products/curvefitting/?s_cid=0909_webg_product_295122
http://www.mathworks.com/programs/trials/trial_request.html?s_cid=0909_webg_trial_295122
http://www.mathworks.com/company/aboutus/contact_us/contact_sales.html?s_cid=0909_webg_sales_295122
http://www.mathworks.com/support?s_cid=0909_webg_support_295122
http://www.mathworks.com/matlabcentral?s_cid=0909_webg_matlabcentral_295122
http://www.mathworks.com/services/training/?s_cid=0909_webg_training_295122
http://www.mathworks.com/products/connections/?s_cid=0909_webg_connections_295122
http://www.mathworks.com/company/aboutus/contact_us/index.html?s_cid=0909_webg_contact_295122
http://www.mathworks.com/trademarks
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