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Review — last lecture

* Create 2-D line plot

* LineSpec

e Plot multiple lines

* hold

e Add title and axis labels

» Subplot

* Create 3-D line plot

 Create 3-D shaded surface plot
* Reading sound files

* Reading image from graphics file
e Loading Data
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The Matlab Basic Fitting GUI

The MATLAB® Basic Fitting GUI allows you to interactively:

 Model data using a spline interpolant, a shape-preserving
interpolant, or a polynomial up to the tenth degree

e Plot one or more fits together with data

 Plot the residuals of the fits

e Compute model coefficients

e Compute the norm of the residuals (a statistic you can use to
analyze how well a model fits your data)

e Use the model to interpolate or extrapolate outside of the data
* Save coefficients and computed values to the MATLAB
workspace for use outside of the GUI

e Generate MATLAB code to recompute fits and reproduce plots
with new data — B




Preparing for Basic Fitting

 the Basic Fitting GUI is only available for 2-D plots

v for more advanced fitting and regression analysis > Curve Fitting
Toolbox™ documentation and the Statistics Toolbox™ documentation

* the Basic Fitting GUI sorts the data in ascending order before
fitting
v if the dataset is large and the values are not sorted in
ascending order = it will take longer
e speed up the Basic Fitting GUI by first sorting your data
v’ create sorted vectors x_sorted and y_sorted from data
vectors x and y = sort function




Opening the Basic Fitting GUI

* to use the Basic Fitting GUI, you must
first plot your data in a figure window
e open the Basic Fitting GUI, select
Plot > Tools > Basic Fitting
* when you fully expand it by double
clicking the arrow button in the lower
right corner, the window displays three
panels
v’ use these panels to:
1. Select a model and plotting
options
2. Examine and export model
coefficients and norms of residuals
3. Examine and export interpolated
and extrapolated values.

Select datar | datal

[ Center and scale x data

Plot fits
Check to display fits on figure

[ spline interpolant

|| shape-preserving interpalant
D limear

7] quadratic

] cubic

[] dth degree polynomial
Sth degree polynomial
|| 6th degree polynomial
[] 7th degree polynomial
[] 8th degree polynamial
] 9th deares nalvnnmial

[7] Show equations
Significant digits: | 2 v
[7] Plot residuals
| Bar plot -
Subplot "

[T] Show norm of residuals

=)

MNumerical results
Fit

Coefficients and norm of residuals

Sawve to workspace..,

-

Find y = f{x)

Enter value(s) or a valid MATLAB

expression such asx, 1:2:10 ar

[1015]

‘ | Evaluate

i)

I Save to workspace,.,

[ Plot evaluated results




Using the Basic Fitting GUI — example

1. Plot the data in a figure window

Eile Edit View Insert Tools Desktop Window Help

alrspeed=[ NI EIE
0O 1120 ; = enen RS
30 1220 ; =
50 1400 ; G
80 1880 ; ¢ 7
100 2220 ; I

40 -

120 2800 ;
140 3400 ;

D 1 1 1 1
1000 1500 2000 2500 3000 3500
Faw sensor value

20

plot(airspeed(:,2), airspeed(:,1))
ylabel ("Km/h™)
xlabel ("Raw sensor value®)




Using the Basic Fitting GUI — example

2. Open the Basic Fitting GUI
v linear fitting

& Figure | |
[ File Edit Wiew Insert Tools Desktop Window Help k]
Select data: | data 2 hd
~u | =
[7] Center and scale x data b ﬁu§| h|@la®o|.§l| DE| @
Plat fits MNumerical results
140

Check to display fits on figure

spline interpolant - Fit: | linear hé
shape-preserving interpolant Coefficients and norm of residuals 120 i
¥ = pl*x + pZ
quadratic
cubic = Coefficients: 100 i
dth degree polynomial pl = 0.056301
gree poly!
5th degree polynomial pzZ = -35.639
fth degree polynomial a0 i
Tth degree polynomial L4 Horm of residuals = =
8th degree polynomial 34.743 YE__
[] ath dearee nalwnamial i B0 b

Show equations

Significant digits: E] a0

Plot residuals

Bar plot b 20

Show norm of residuals

D 1 1 1 1
1000 1500 2000 2500 3000 3500

Raw sensor value




Using the Basic Fitting GUI — example

2. Open the Basic Fitting GUI
v’ quadratic fitting

s Figure
Selags dfes [ data ? - Eile Edit View Insert Tools Desktop Window Help L
T

[] Center and scale x data DBE§| [%|QQW@|“EI|DIE|E@
Plat fits Mumerical results

Check to display fits on figure ) - 140

spline interpolant -~ Fit: | quadratic h

shape-preserving interpolant Coefficients and norm of residuals

' ¥ o= pl¥x~Z + pa¥x + 120r

; 03

dth degree polynomial 1 Coefficients: a0+

5th degree polynomial pl = -2.17%6e-005

Gth degree polynomial pZ = 0.15273 anl

Tth degree polynomial L p3 = -130.64 =

8th degree polynomial ) E

[T] ath dearee nolnamial S Horm of residuals = R g0k

Show equations 18.904

Significant digits:

40 -
Plot residuals

Bar plot A

Show norm of residuals

D | 1 | |
1000 1500 2000 2500 3000 3500
Raw sensar value

20




Curve Fitting Tool

cftool « a flexible interface to interactively fit
curves and surfaces to data and view plots
v’ create, plot, and compare multiple

e mﬁ fits
] ) ] [ [ v’ use linear or nonlinear regression,
e interpolation, local smoothing
: regression, or custom equations
‘ v’ view goodness-of-fit statistics,
| display confidence intervals and
: residuals, remove outliers and assess
| fits with validation data
- v’ automatically generates code for
| fitting and plotting surfaces, or export
L O fits to workspace for further analysis




Curve Fitting Tool — example

Declaring variable from the Workspace

cftool (X,Y) * Creates a curv.e fit to x input and y output (x and y
must be numeric, have two or more elements, and
have the same number of elements)

Declaring variable with Curve Fitting Tool GUI

cftool > Data
x=airspeed(:,2)
y=alrspeed(:,1)
cttool
X Data: x
Y Data: y
Data set name: Airspeed
-> Create data set R




Curve Fitting Tool — example

Curve fitting from the Workspace

fitobject = Fit(x,y,FitType) ° Cr.eates the fit to the.o'lata in ){and
y with the model specified by fitType

Library Model Name Description
'polyl’ Linear polynomial curve
'‘polyl11’ Linear polynomial surface
'poly2’ Quadratic polynomial curve
'linearinterp’ Piecewise linear interpolation
‘cubicinterp’ Piecewise cubic interpolation
'smoothingspline’ Smoothing spline (curve)
'lowess' Local linear regression (surface)

=fi1t(Xx,y, "poly2")
plot(f,x,y)




Curve Fitting Tool — example

Curve fitting with Curve Fitting Tool GUI| [&==

Fit Editor

(et (mapten
cftool > Fitting e |

Data set: lAirspeed V] Exclusion rule: (none) -
Type of fit: Center and scale X data
Palynamial
. 2l linear palynomial -
File View Tools Window Help
= | ® G |ﬁ cubic polynomial
4th degree polynomial
[ Data... H Fitting. |[ Exciude... H Plotting... ” Aralysis... Sth degree polynomial
. . th degree polynomial -
140 F T T T T = —
+ Adrspeed [| LY
fit 1 Linear model Polyd:
| fix) = pl*x"2 + p2*x + p3
Coefficients (with 95% confidence bounds):
rl = -Z.18e-005 (-4.14Ze-005, -2.174e-006)
i pz = 0.1527 {0.08502, 0.2404)
p3 = -130.6 {-217.7, -43.53)

- Goodness of fit:

33E: 357.4

R-square: 0.9764

_ Adjusted R-sguare: 0.9647
RM3E: 9.452

Table of Fits

[@ [Fitname Data set Equation name SSE R-sq...

T S0 SE00 2000 [ Delete fit H Save to workspace.., H Table options... ]




Signal filtering

Signal filtering

1. mean
2. median
3. Sliding Window Filter

gure

Eile Edit View Insert Tools

Desktop Window Help

NEWda& k|eaaqs €08 =0

altitude [m]

altitude [rm]

altitude [rm]

o

-10
0

Raw data

20 30 40 50 &0
tirne [s]

AWGS

tirne [s]

AVG 10

!
20 30 40 50 B0
time [s]




mean

e Returns the mean values of the elements along
M = mean(A ) . .
(A) different dimensions of an array.

If A is a vector, mean(A) If A is a matrix, mean(A) treats the
returns the mean value of A columns of A as vectors, returning a

row vector of mean values
a=[1 3 5 7 9]

a = A=1]12 3;

1 3 5 7 9 3 3 6;

4 6 8;

mean(a) 4 7 7];
ans = mean(A)

S ans = 3.0000 4.5000 6.0000




medan

e Returns the median value of A

(Median is the numerical value separating the higher
half of a data sample from the lower half.)

If A is a nonempty matrix, then
median(A) treats the columns of A
as vectors and returns a row vector

M = median(A)

If Ais a vector, nedian(A)
returns the median value of A

a = of median values.
4 11 23 2 1 A=[011:
median(a) i g ;;
ans Z 4 2 2]
M = median(Ah)

1.5000 2.5000 2.0000

=
[




Sliding Window Filter

"crude" signal

filtered value




Reference signal

- - iIe Ig;::‘. View Insert Tools Desktop Window Help ]
x:[—p|'0 01:p|]; DEEa keams @ 08 80

y= sin(x); i
plot(x,y); e

0.6
0.4
0.z
1]
0.2
0.4
0.6

-0.8




Noke

y2=0;
for 1=1:length(x)
y2(1)=sin(x(1))+(rand(1)-0.5)/74;

end -
hold on; B IS s I e
plot(x,y2," .rv);

15

1

0.5

1]




Sliding Window Filter — example

slidewindow=[y2(1) y2(1) y2(1) y2(1) y2(1)
1:
y2 fFiltered=0;
for 1=1:1length(y2)
y2 Filtered(i1)=mean(slidewindow);
%y2 filtered(i)=median(slidewindow);
for j=1:length(slidewindow)-1
slidewindow(j)=slidewindow(j+1);
end;

slidewindow(length(slidewindow))=y2(1);
end;

plot(x,y2 filtered, "-k");




5
1
045

Sliding Window Filter — example




Computational errors

Floating Point Arithmetic vs Fixed Point Arithmetic

X = [-5:0.001:5]; TR — -
y=sin(x)*5; NEWE| k| @aq®|E|08 =0
subplot(2,1,1);
plot(x,y);

grid;

ylim([-6, 6]);
subplot(2,1,2);
plot(x, Int32(y));
grid;

ylim([-6, 6]1);




MATLAB
SIMULINK

Current directory >
new > model

Simulink library

EdLibrary: rtitlib

File

Edit

View

Farmat

19 [=] E3

Dy ‘

Digital

0 Output

Digital To Analog Analog To Digital Digital Output
Convel

Fie
Encor

Fead Er

ms
File

HW Adanter

Edit  “iew Simulation Formaf

Tools

19[=1 E3

Experimnent

7

FD control 4\

Collacatedd
PO control

Multiport
Switch

Frecquency  Gain

response

FID control

Fead EncoderD
1 rev=16000counts=7 0

Fead Encocler |
1 rew=16000counts=7 01

Derivative

K

limitSwitch

Digital Input limit Switch Safety

Yoltage
OutputSafety

Yoltage

counts2em

HW acdapter

Digital To Analog

Corverter

Encoder Flots




Simulink > Sources > Sine wave

Simulink > Sinks > Scope

File Edit View Simulation Format Tools Help

O SEHS BB &= 4|92 = o |

F—T]

Sine Migve Scope

Ready |100% | |oded5

B Source Block Parameters: Sine Wave
Sine W ave

Output a sine wave:
Q) = Amp*Sin(Fregt+Phaze] + Bias

Sine type determines the computational techhique used. The parameters it the two
types are related through:

Samples per period = 2%pi / [Frequency * Sample time]
Mumber of offzet zamples = Phase * Samples per period / [2%pi]

Usze the sample-based sine type if numernical problems due to running for large times
[e.g. overflow in absolute time) oocur.

Parameters

Sike type: |Time bazed

[ ]

Time [t]: |Use gimulation time

Amnplitude:

Sample time:
0 |
Interpret vector parameters as 1-D




Solver options

Type:
b aw step size:

in ztep zize:

Salver

Algebraic loop:

Initial step size:

Simulation > Configuration parameters >

— Solver > Max step size: 0.01

|"-.J'aria|:ule-step

.01

|aut|:|

|aut|:|
-

Minimize algebraic loop:

Black, priority violation:

in ztep zize wiolation:

Sample hit time adjusting:

— Diagnostics > Automatic solver parameter selection: none

||:u:|e45 [Dormand-Prince]

| R elative tolerance: |'I &3

|.-’-'-.I:|su:|lute tolerance: |aut|:|

|warning

|warning

|warning

|warning

|HDHE

Congecutive 2era crozsings violation: |err|:|r

IJnzpecified inherntability of sample time: |warning

Solver data incongsiztency:

Automatic solver parameter zelection;  |[jl=

|HDHE

PRICRIFRIFRIFRIERIER I

L

Futramaniie dicmrata darivabiva sianals: ||:|rrnr

Il



Run

Bl scope =N NCH| =53
SEPLL AERB B2EaE -

Time offzet: 0O




Commonly used blocks > sum
Sources > random number

W Source Black Parameters: Random Mumber
R andom Murnber

Output a normally [Gauzgian] diztibuted random signal. Output is
repeatable for a given seed.

Parameters

Sample time;
0 |

|nterpret vector parameters az 1-0

I ok ” Cancel H Help

File

Edit View Simulation

Format Tools Help

O SEHS £BR &= 4|92 8fioo [N

Ready

8

¥

Sine Wave

il

Random
Humber

Scope

|L00%

|oded5 Yy




Smaik

Run

uScnpe
SEPLPL AREEB B AR




Commonly used blocks > Mux

nScupe
SEPLL ABE BaAF

Time offset: 0O

W afilter *

Eile  Edit Yiew Simulation

Format Toals

[ 5 ]S

Help

O S HS| $ BB |(a 4|9 » oo N

I

¥

Sine Wawve

1]

Random
Humber

Ready | L00%

|::|cle-'15




Parameters

Voo ARE DA S

n "Scope’ parameters El =] @
General || Data history | Tip: try right clicking on axes

Axes

Mumber of axes: 2| ] floating scape
Titme range: auto
Tick labels:  |hottom axis only v.

Sampling

Decimstion - . 1

(o] [ceet] [oep] [[ammy ]

Time offset: 0O




User-defined functions > MATALB fcn

File  Edit Miew Simulation Format Tools Help

DSEHS 4 BR | &= 4|22 » 8 fioo [N

L
O

Sine Wave

il

MATLAB Fon

Random i MATLAR b
Number Function

Scope

Ready | 100% | |oded5

W@ Function Block Parameters: cn
MATLABE Fen

Fazz the input walues to a MATLAR function for evaluation. The function must returmn a
zingle value having the dimenzgions zpecified by 'Output dirmenszions' and 'Collapse 20
rezults to 1-0°,

Examples: sin, sinfu], foa(ul1], w2]]

Farameters

MATLAE function:
|avgfilter| |

CQutput dimensions;
-1

Output =ignal bype: |aut|:| |E|
Collapse 2-0 resultg to 1-D

Sample time [-1 for inkerited);
i |

ok LCancel ] [ Help ] [ Apply




Create new m-file (5 oo ey e stojesicsd\Docun, o))

File Edit Text Go Cell Tools »> wl?! =

Dl @98 -[e. 70~
2 BBIB| -+ | = x84 0

1 function ¥ = avgfilter( X |
2
a3 — 15":.:':| —

ter Ln 3 Caol 4 OVER I




Command window:

>> glohal sw
>» sw=[0,0,0,0,0]

=i




- A B e T | B 1 B
File Edit Text Go Cell Tools Debug ¥ ﬂ| A M

DEH|&£‘-WF|EI'B,,,T » M .
= BB - 10+ |+ 11 x|t | @

“lfunction ¥ = avgfilteri( x ) [

- glokbal sw:

for i=1:4

- sw(il==sw(i+1):
- end

- SW(3) =X —

L T s R B N e I I
I

- - = mean(sw) ;

[
=

avgfilter llLn 5  Col 10 |OVR .:




Run  [Bse
SEPLL ABRRBE DA F E




Scope parameters

‘Scope’ parameters = |

Genetal | Dista history | Tig: try right clicking on axes

ScopeData.signals(1).values
ScopeData.signals(1).values(:,1)

Lirvit dats poirts to last; 2000

............................................................ ScopeData.signals(1).values(:,2)
ScopeData.signals(2).values
ScopeData.time

Yariahle name: Scopelata

Format: =tructure weith time -

| ] .8 | | —ancel | | Help | | Apply




Scope parameters

plot(ScopeData.time, ScopeData.signals(2).values)

’a Figure |
File Edit View Insert Tools Desktop Window Help N
Ned& k| QRaMe (€ 08 8O0
15 T T T T T T T T T
1 ]
0.5 —
ok _]
0.5 -
A ]
15 ] ] ] ] ] ] ] ] ]
0 1 2 3 4 = B 7 8 9 10
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